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1. Giéi thiéu

Ché tao mang xiic tic quang trén co sé cao su thién nhién
voi titan dioxit va zeolit A rng dung trong xir ly xanh metylen
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Tom tat

Trong céng trinh nay, mét phuong phap don gidn duoc st dung dé ché tao mang quang xuc tac trén co sé
cao su thién nhién két hop véi titan dioxit va zeolit. Bang phurong phép trén hop dang latex cao su véi huyén
pht cta TiO: (pha anatase) va zeolit A trong NH+OH, méu sau dé duoc dé vao dia petri va say khé & 50 °C.
Céc dic tinh cia mang quang xuc tac duoc danh gia va kiém tra bang phuong phap SEM, XRD va do co
tinh. Khd ndng xtr ly mau clia mang quang xtc tac duoc danh gié qua viéc str dung chat mau xanh metylen
la chét dai dién. Két quéa cho thady mang xuc téc véi ham lwong rat nhé TiO2 va zeolit A c6 kha ndng lam mét
mau xanh metylen duwéi sw chiéu séng cta dén UV. Anh huéng cta ham luong zeolit dén kha nang phan
hdy chéat mau ciing duoc khdo séat. Bén canh dé, chiing toi ciing tién hanh danh gia khd nang tai xc ly chét
mau cla mang quang xuc tac HANR/TIO2/ZA va két qua cho thdy mang van gii duoc khé ndng xtv ly chét
mau. Co tinh cia mang c6 giam it sau khi mang dworc tai str dung.

Tir khoa: Cao su thién nhién, titan dioxit, zeolit, xic tdc quang, xanh metylen.
Abstract

A simple method for the preparation of a catalyst membrane from natural rubber with titanium dioxide and
zeolite A was presented in this work. This simple method was based on the mixing TiO2 suspension
(anatase phase), zeolite suspension in NHsOH with natural rubber latex and subsequently casting the
mixture into membrane followed by drying at 50 °C. The characteristics of the composite membrane were
studied by using scanning electron microscopy (SEM), X-ray diffractometer (XRD) techniques and
mechanical properties measurements. The photocatalytic activity of the HANR/TiO2/ZA was evaluated using
methylene blue (MB) as a model for organic dye pollutant in water. The results showed that the catalyst
membrane prepared with a small amount of TiO2 together with zeolite A could rapidly degrade MB dye
solution in water under UV light irradiation. The effect of amount of zeolite A on the degradation of MB was
also investigated. Furthermore, we evaluated the reusability of the membrane and the result showed that the
catalytic ability of the membrane on MB degradation decreased a little. The mechanical property of the
catalyst membrane was slightly decreased after recycling.

Keywords: natural rubber, titanium dioxide, zeolite A, photocatalyst, methylene blue

khoée con nguoi va hon nira thuéc nhudém trong nuéde
thai rat 1a kho d¢ loai bo vi chung bén véi anh sang va

Cudc cach mang cong nghiép 1an thir 4 dién ra
dem lai rat nhiéu co hoi va thach thirc cho con nguoi.
bic biét, mot thach thirc 16n dat ra cho con nguoi 1a
van dé vé moi truong. Pay 1a mot vin dé néng ma
toan cau dang rat quan tdm va tim cac bién phap xir
ly. Hién nay cac khu cong nghi€p dang xay ra mot
thyuc trang dang bao dong 1 6 nhiém ngudn nudc, ma
nguyén nhan chinh 1a do lwong nuée thai tir cac chat
nhudém mau. TAt ca chung ta déu biét tim quan trong
thiét yéu ciia nudc va tai nguyén nudc 1a khong thé
thay thé. Vay nén, ta can co6 phwong phap xu Iy
ngudn nude thai nhuém mau. Do tinh chat tan rat dé
dang cta cac chat nhuém gay anh huéng 16n dén stc
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nhiét d§ cua modi truong va la tic nhan gy oxy hoa.
Hién nay c6 rat nhiéu phwong phap dé xu Iy d6 mau
clia nu6e thai chat nhuém mau tir truyén thong dén
hién dai nhu 1a: dong ty hoa hoc, hap phu cacbon, bun
hoat tinh, loc nho giot... nhung hau hét cac phuong
phép déu gap phai kho khan trong viéc pha huy cac
chat 6 nhiém thuéc nhudém do cau tric hoa hoc phirc
tap ctia chung hodc cach xur 1y chua duoc téi wu [1-3].

Ung dung tuyét voi cua xiic tac quang da duoc
cac nha khoa hoc nghién ctru, chirng minh va dua ung
dung vao cudc séng [4-6]. Trong cic chit xuc tac
quang khong thé khong noi téi TiO» mot xiic tac
quang thong dung vdi cac wu diém rd rét: sin co, chi
phi thép, 6n dinh hoa hoc va ¢ hoat tinh quang xuc
tac cao. Piac biét TiO; dugc ing dung rat nhidu lam
chat xuc tac quang trong xir Iy méi truong, xir 1y cac
cht mau hiru co, do dic tinh phan hay chat hiru co vé
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thanh cac hop chét vo hai hodc it ddc hai hon dudi tac
dung ctia nguon anh sang thich hop.

Zeolit 14 khoang chét silicat nhom ciia mot sd
kim loai co cAu truc vi xép. Zeolit duoc biét dén
nhiéu nhit 12 mot chat hép phu duogc sur dung trong xur
1y chat mau trong moi truong nudc. Gan day viée ché
tao vt li€u xuc tac quang trén co sé TiO» két hop véi
chét hip phu zeolit rat dugc quan tdm vi kha nang
hép phu cua zeolit gitp lam giau chét hiru co, thac
day qua trinh chuyén héa va lam ting tinh xuc tac
quang cua TiO,. Do TiO; va zeolit déu & dang bot
nén khi sir dung thuc té gay ra nhiéu khé khan trong
viée xur 1y chit bot, khé thu hdi va khong thé tai su
dung [7,8].

Cao su thién nhién la vat liéu dugc tach tor ma
cdy cao su, ¢6 thanh phan héa hoc 1a cac chudi poly
cis-1,4-isopren bao quanh boi cac hop phin nhu
protein, axit béo, lipit...tao thanh hé nhii tuong bén
trong nude [9]. Cao su thién nhién véi dac tinh dan
hdi tuyét voi, kha ning tao mang rat tét dugc ung
dung nhiéu trong cac san pham nhu gang tay cao su,
16p xe. Viéc ing dung cao su thién nhién 1a mot chét
mang cho vat li€u xuc tac quang da c6 cac nghién ciru
trén thé gidi [4,10] nhung & Viét nam thi chua c6 mot
cong trinh nao dé cap dén.

Vi vay, trong nghién ctru nay ching t6i nghién
ctru tong hop mang quang xtc tic dwa trén vat lidu
cao su thién nhién, titan dioxit va zeolit nhaim giai
quyét vin dé vira xtr 1y dwoc chét thai mau, vira co
kha ning thu hdi mang xuc tic va tai sir dung. Chat
thai mau xanh metylen dugc sir dung 1a chit mau dai
dién dé nghién ctru kha ning xuc tac ciia mang quang
xuc tac duéi tac dung chiéu sang cia dén UV.

2. Thuc nghiém
2.1. Héa chit

Titan dioxit (98%, pha anatase) dwoc cung cip
boi cong ty OIC New, Viét Nam. Cao su thién nhién
ham luong amoniac cao (high ammonia natural
rubber, HANR (DRC, 60%). Dung dich amoniac
(28-30%, pH=13), xanh metylen dugc mua cua hang
Xi-long, Trung Qudc. Zeolit A dwoc cung cép bai
phong thi nghiém Héa hitu co, Truong Pai Hoc Bach
Khoa Ha Noi.

2.2. Phwong phdp ché tao mang HANR/TiO»/ZA

So @6 tong hop mang xuc tic dwoc dua ra &
Hinh 1. Phéan tan 0,0025 gam zeolit A trong 5 mL
NH4OH va 0,05 gam TiO, trong 10 mL NH;OH.
Trong khi do can 5 gam cao su kho (tr DRC= 60%,
tinh dugc khdi lugng HANR tuong duong voi 5 gam
cao su kho 1a 8,33 gam). Sau khi d@ phan tan dugc
TiO; va zeolit A d6 vao cbe chira 8,33 gam HANR
tién hanh khudy t6i khi dung dich dong nhét, khudy
khoang 30 phut. Khi dung dich di dong nhit, d6 ra
dia petri va dwa vao ti siy ¢ nhiét do 50 °C trong

khoéng 12-15 h, sau (j() 1at mang nguogc lai tién hanh
say kho mat con lai dén kho (khoang 12-15 h).

Nhu vdy, mang quang xuc tac HANR/TiO»/ZA
da duoc ché tao thanh cong v6i ham lugng zeolit A
lan lwot 1a 5%, 10%, 15%. Dé so sanh, ta ché tao
thém 2 hai mang HANR, HANR/TiO,. Mang
HANR/TiO; thi dugc ché tao voi phuong phap tuong
ty. Riéng voi mang HANR, thi dugc d6 mang phim
tryc tiép tir cao su va sdy kho.

Céac méu xic tac ¢6 thanh phan khic nhau da
duogc ché tao va dua ra & Bang 1.

2.3. Danh gia kha ndng xuc tic quang

Kha ndng quang xGc tic cla mang
HANR/TiO2/ZA dugc dénh gid théng qua sy mat
mau cua dung dich xanh metylen. Mang xuc tac dugc
dua vao hé chira mot thé tich xac dinh dung dich
ndng do xanh metylen nong d6 20 mg/L. Sy thay dbi
ndéng do chat mau sau khi duge xur 1y voi mang xiic
tac dwoc danh gid bang may quang phd hip thu
UV-VIS (HACH DR6000) thong qua viéc xay dung
dudng chudn nhu sau: cac dung dich c6 ndng d6 2, 4,
6, 8 mg/L dugc pha va do d6 hip thu quang tai budc
song hép thu cuc dai. Hiéu suét hép thy mau xanh
metylen ctia mang xdc tac quang dugc xac dinh bang
cong thue:

Hiéu sudt = %.100%

o

trong do: Co: ndng do ban dau cua xanh metylen
(mg/L), C¢: nong do cua xanh metylen tai thoi diém
t (mg/L).

Béng 1. Thanh phan ché tao cac mau

Cao su . .
Miu kho (T;(;f) Z(e";ll;;'*
(gam) | ‘8 £
HANR 5 0 0
HANR/Ti0; 5 0,05 0
HANR/Ti102/ZA-5% 5 0,05 0,0025
HANR/Ti10,/ZA-10% 5 0,05 0,0050
HANR/Ti10,/ZA-15% 5 0,05 0,0075
TiO» HANR Zeolt A
siéu 4m 30 phit siu 4m 30 phit
+NH,OH Khudy 30 phit *NAOH
Khuy 0 phat [~ ZeORANH,OH |
Tomon | ot |
Khudy 15 phit
Tao mang, sdy
HANRITIOZZA

Hinh 1. So d6 téng hop mang xuc tac



JST: Engineering and Technology for Sustainable Development
Volume 31, Issue 1, March 2021, 016-020

2.4. Danh gid cau truc ciua vt liéu

Hinh thai ciia mang quang xtic tac dugc xac
dinh bang phuwong phap do kinh hién vi dién tir quét
(scanning electron microscopy, SEM, JEOL SM-
200). Cau triic cua TiO, zeolit A dwoc x4c dinh bing
phuong phép do nhiu xa tia X (X-ray diffraction,
XRD, DS Advanced Bruker). Do bén kéo dut duoc
do trén may Tokyo Instron 5300. Mang phim cé
chidu day khoang 1 mm dwoc cét theo khudn co dang
hinh méi chéo theo tiéu chuan JIS K6251. M&i mau
dugc do 1ap lai 3 lan.

3. Két qua va thio luin

Mang xtc tac quang HANR/TiO»/ZA da dugc
ché tao thanh cong bang mot phuong phap don gian
nhung hiéu qua, tron TiO, va zeolit vao trong cao su
thién nhién & dang latex. Hinh 2 1a hinh danh mang
cao su va mang composit. Bing mit thuong c6 thé
théy duoc bé mit cao su c6 mau tréng duc hon so véi
mang composit. Piéu nay c6 thé giai thich do cac hat
TiO; va zeolit A da phan tan vao cao su.

3.1. Hinh thdi hoc ciia mang composit

Hinh thai hoc bé mat ciia mang composit duoc
quan sat bang kinh hién vi dién tir quét. Hinh 3 va 4

Hinh 2. Miu cao su (trén) va mang xic tac (dudi)
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1a két qua do anh SEM ciia mang HANR/TIO»/ZA va
mang HANR/TiO,. Két qua cho thy hinh thai bé mat
ciia mang HANR/TiO»/ZA va HANR/TiO», dé quan
sat dugc mang HANR/TiO»/ZA ¢6 bé mit nham hon
va xudt hién cac hat phén tir tring phan b déu trén bé
mat cao su, mang HANR co bé mit min hon rat
nhiéu. Piéu nay da cho thiy dugc cac hat TiO, va
zeolit di dugc phan tan vao cao su dong déu.

3.2. Két qud do nhiéu xqa tia X (XRD)

Hinh 5 mé ta két qua nhidu xa tia X cia bot
TiO», bot zeolit va mang HANR/TiO»/ZA. Ta théy,
ddi véi bdt TiO, dang anatase, peak dau tién xuét
hién ¢ khoang 26° twong ing véi d = 3.552 A°, peak
0 khoang 38° ung voi d = 2.379 A° va mdt peak &
khoang 48° {mg voi d =1.892A°. Pbi véi mang
HANR/TIO2/ZA c6 sy xuét hién cac peak & khodng
26° ¢6 d = 2,379 A°, peak khoang 38° ung vai
d =2.379 A° va peak ¢ khoang 48° c6 d = 1.890 A°.
Dya vao ddy ta thdy phd nhiéu xa tia X cua mang
HANR/TIO2/ZA c6 cac peak tuong tmg so v6i phd
nhidu xa tia X cta bot TiO, diéu nay 1a do TiO; van
gilt nguyén dugc cac cdu trac tinh thé anatase nhu
trong mang HANR/TiO»/ZA. Trong khi d6, thi dinh
peak cua zeolit A khong dwoc xuédt hién diéu nay
dugc giai thich 1a do lugng zeolit A dung rat 1a nho

Hinh 4. Anh SEM ctia mau HANR/TiO»/zeolit A
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Hinh 6. Dudng chuan xay dung bang phuong phéap do
d6 hap thu quang

3.3. Danh gid hoat tinh xuc tdac

Dé danh gia hoat tinh xuc tac xir 1y chit mau
xanh metylen, ching t6i xdy dung dudng chuén dua
vao sy phu thudc ctia do hép thu quang, A, vao néng
d6 theo phuong trinh Lambert-Beer:

A =¢.1.C (C 1a ndng d6 xanh metylen, mg/L)

Dua vao hé s6 R? cua phuong trinh y =0,1828x
+0,005 co thé théy d6 tin cdy cua duong chuén duge
su dung.

Hinh 7 thé hién danh gia hiéu qua xir ly chat
mau xanh metylen ciia mang cao su HANR va mang
quang xuc tic HANR/TiO,, dé thdy duoc ring sau
6 gio chiéu sang d6i voi mang HANR d6 hap thu
quang cua mau khong bi thay doi nghia la mang
HANR khong hé c¢6 kha ning lam mit mau xanh
metylen, nguoc lai d6i véi mang HANR/TiO; do hép
thu quang cua xanh metylen giam rat nhanh diéu nay
chung té mang TiO» chinh la nguyén nhén cua viéc
lam phan hiyy chit mau xanh metylen va higu suat xir
ly 1én t&i 80% sau 6 gio.

100
80 1
£ 60 |
> —5H-0
B 40 ; -
T H-5
—a—H-10
20 - —a—H-15
0 T T T
0 2 4 6 8
Thoi gian (gior)

Hinh 8. So sanh anh hudng cia ham luong zeolit A
dén hiéu suat xur ly chat mau

Hinh 8 thé hién hiéu suat xir Iy chat mau xanh
metylen cua cdc mang quang xUc tdc v&i cac ham
luong zeolit A khéc nhau va véi cung ham lugng
TiO,. D& thiy v6i mdi ham luong zeolit A khac nhau
thi hiéu suat xir Iy chét thai mau ciing khac nhau. Véi
mang quang xtic tac c6 ham luong zeolit A 16n nhat
thi c6 hiéu qua xir 1y chit mau cao nhit. Cac mang
xuc tac co bd sung zeolit ¢6 hiéu qua cao hon so véi
mau khéng c6 zeolit. Didu nay da chimg minh duoc
tac dung cua zeolit A 1a mot chit hip phu dé ting
hiéu qua xtr Iy chat mau. Mang sau khi xr Iy ¢6 mau
xanh nhat, chimg to c6 mot phan xanh metylen chi b
hap phu ma khéng bi phan huy. Nguyén nhén co thé
1a do ton tai mot phan sy phan b riéng 1& cua TiO»
va zeolit trén nén cao su thién nhién.

3.4. Danh gia kha ndng tdi sir dung ciia mang xiic
tic

Mot ddc diém wu viét cua mang quang xtic tac
HANR/TIO2/ZA 1a ¢6 kha nang thu hdi va tai sir
dung. Hinh 9 thé hién két qua tai sir dung mang xuc
tac HANR/TiO»/ZA — 15% dé xir 1y chat mau. Két

19
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qué cho thdy hiéu qua xir Iy chat mau ciia mang van
cho hiéu qua rat cao sau 6 gio chiéu sang, hiéu suat
xt 1y 1én toi 87%.

Do bén ciia mang xtic tac sau khi xir Iy chit mau
dugc so sanh voi mang trude khi xir Iy va két qua
dugc thé hién ¢ Hinh 10. Nhan thdy, mang xtc tac
trude xir 1y chat mau c6 co tinh cao hon mang cao su
HANR ban dau. Diéu nay 1a do sy gia cuong cua
TiO, va zeolit nhu 13 chét don trong cao su. Sau mot
lan sir dung, co tinh clia mang xuc tac co chut giam
nhung van tot hon mang cao su ban du. Diéu nay
chimg t6, viéc xir Iy chat mau da lam giam di co tinh
clia mang xic tc, tuy nhién mang xtc tic van duy tri
duoc d6 bén co hoc cao hon so véi voi mang cao su
HANR ban dau.

g8 B

HI&u suét (%)

—o—Jan 1
lan 2

0 T T T
0 2

4 8
Théi gian (gicr)

Hinh 9. Hi¢u suat xtr Iy chat mau ctia mang tai su

dung
25
5] ——DXL
——CXL
o ——HANR
g 15
&
7]
2 11
D
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0 4 T T T T
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Bo gian dai (%)

Hinh 10. Co tinh cia mang trudc, sau xt ly va mang
cao su ban dau
4. Két luan

Mang quang xtic tic HANR/TiO»/ZA dugc ché
tao bang mot phuong phap don gian va khong ton
nhi€u chi phi, tich hop dugc tiqh Chﬁt dac biét cua
TiO; 1a xtic tac quang va tinh chat hap phu cua zeolit
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dé ting hiéu qua xur 1y chat mau ciia xanh metylen
dudi su chiéu sang cua dén UV. Xuc tac ¢6 thé tai su
dung ma van duy tri dugc hiéu suét xur 1y kha t6t. Két
qua thyc té xir Iy da cho thdy sau 6 gid chiéu sang thi
mang quang xuc tac da xir Iy chat mau xanh metylen
c6 thé dat t6i 98%. Co tinh ciia mang ¢6 giam chit
khi mang dugc tai st dung. Hudng nghién cliru mé ra
mét ung dung tuy¢t voi cho vat liu cao su thién
nhién trong linh vuc xr Iy moi trudng.

Loi cam on

Tac gia xin chan thanh cam on TS. Lé Vian
Duong, bd mon Hoéa hiru co, Vién KTHH, Truong
Pai hoc Bach Khoa Ha Noi da cung cép zeolit A va
chat mau xanh metylen ding trong nghién ctru nay.
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