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Tém tat. Trong nghién ctru nay, TiOx»/than hoat tinh tir tro trdu (TiO2/RHAC) da dugc tong hop bang
phuong phap tron 1an than hoat tinh va phtec titanium. Than hoat tinh dwgc tdng hop tir tro tradu va
phtic titanium hoa tan trong nuwdc tdng hop tir anatase bang cach tao phtec peroxide. Hon hop dwoc
nung trong moi treong thiéu oxy ¢ 600 °C. Vat liéu tong hop dugc phén tich bﬁmg nhiéu xa tia X, kinh
hién vi dién t&r quét va dang nhiét hap phu/giai hap phu ni to. TiO2/RHAC c6 kha nang hdp phu cao d6i
véi xanh methylene. S liéu dang nhiét can bang tuan theo md hinh Langmuir va dung luong hdp phu
cuc dai tinh theo md hinh nay 1a 144,7 mg-g-. Chat bi hdp phu c6 thé duoc loai bo bang cach chiéu séng
bang dén chiéu nho kha nang xtic tic quang hoéa ctia né. Sau ba lan tai sinh, dung lwong hap phu thay
dé6i khong dang ké. TiO2/RHAC c¢6 tiém nang lam chat hdp phu xtt Iy phdm mau néi chung.
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TiO2/rice-husks-derived activated carbon and its application for
methylene-blue adsorption
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Abstract. In the present work, TiOz/activated-carbon composite (TiO2/RHAC) was synthesized with an
assembly method. Activated carbon was fabircated from rice husks. The water-soluble titanium complex
was synthesized from anatase via the peroxide complex. The mixture of activated carbon and water-
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soluble TiO2 was calcined at 600 °C. The obtained samples were characterized by using XRD, SEM, EDX,
and UV-Vis-DR. The results show that the obtained composites exhibit excellent adsorption toward
methylene blue (MB). The equilibrium data fit the Langmuir isotherm model well. The maximum
monolayer capacity calculated from the Langmuir model is 144.7 mg-g~'. The TiO2/RHAC could be self-
cleaned after use by photocatalytic degradation. The adsorption capacity insignificantly decreases after
three recycles of adsorption, and TiO2/RHAC is a promising adsorbent for removing dyes from the

aqueous environment.

Keywords: water-soluble TiO, activated carbon, methylene blue

1 Mo dau

Sy 6 nhiém méi treong do cac hoat dong cta
con nguoi va cong nghiép ngay nghiém trong.
Trong s& cac chat gay 6 nhiém, chat mau hitu co tir
cac nguon nudc thai dét nhudm gay nén tac hai
nghiém trong d6i véi con nguoi va dong vat thay
sinh. C4c nha khoa hoc da dé xuat nhiéu phuong
phap xtt ly nudc thai chita pham mau bao gom hap
phu [1], dién hda [2], keo tu [3], xtic tac Fenton
dong thé [4] va xtc téc quang hda [5]. Mbi phuong
phép c6 cac wu nhuoc diém riéng. Vi duy, keo tu la
phuong phap van hanh don gian, nhung x ly cac
san pham sau khi hdp phu hay keo tu cling la van
dé; phuong phap xuc tac Fenton dong thé cho phan
tng phan huy xt ly rat nhanh nhung hoat dong o
moi treong pH thap (pH = 2) gdy dn mon thiét bi
va lugng sat dua vao nhiéu, gay 6 nhiém thi cap.
Phuwong phép hdp phu duoc st dung rong rai do
dé van hanh, hiéu suét xtt Iy cao va gia thanh thap.
Céc nghién ctru tim kiém chat hap phu ré tién voi
dung lueong hap phu cao da dwgc tién hanh rong
rai.

Than hoat tinh (activated carbon — AC) da
duoc nghién ctru va st dung tir rat lau, dac biét
trong linh vuc hdp phu. Than hoat tinh duoc diéu
ché tlr cac loai sinh kh6i ¢6 ham Iwong carbon cao
nhu g, tre ntta theo hai giai doan: i) carbon héa
cac vat liéu giau carbon (d6t trong moi truong
thiéu oxy); ii) hoat hoa ¢ nhiét d6 cao hon khi ¢
mat cac chat oxy hda thich hop nhu CO2, khong
khi, hoi nwdc hay dung cac héa chat (NaCl, NaOH,
HsPOks...). Qua trinh hoat héa lam cho cau trac x8p
cua than phat trién hon [6, 7]. Vo trau hat lta (RH)
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la mét phu phdm ndng nghiép. Vo trdu chia 37%
(k) cacbon [8]; do d6, nd trd thanh nguyén liéu
tiém nang d€ san xuat AC.

TiO: 1a chat ban dan than thién véi moi
truong va c6 nang lugng vung cam 16n (3,2 eV). N6
dwoc st dung rdng rai trong linh virc xtc tac, pin
mat troi va nang luong tai tao do tinh chét dién va
quang hoéa doc dao [9, 10]. Trong linh viec quang
héa, TiO: 1a chat xtic tdc ban dan véi d6 rong vung
c&m khoang 3,2 eV khi duoc kich thich bang anh
sang tt ngoai. Vo6i muc dich sit dung ngudn nang
luong anh sang kha kién, nhiéu nha khoa hoc da
nghién ctru thu hep nang luong vung cdm cua TiO2
béng cach tao ra cac mic ning luong trung gian
cua kim loai chuyén tiép hay phi kim, két hop voi
cac chdt nhay quang g-CsNs va than hoat tinh [11].
TiO: thuong duoc tong hop tir cac tién chat nhu
alkoxide hay TiCls. Céc tién chat nay rat dé bi thuy
phan ngay ca trong moi trieong trung tinh [12] nén
viéc kiém soat diéu kién tong hop cac composite tir
TiO2 gdp nhiéu khé khin. D& khac phuc nhuoc
diém trén, cac nha khoa hoc tap trung nghién ctu
dang TiO2 hoa tan trong nieéc nhu cluster titanium
oxide phan t (molecular titanium oxide cluster),
tinh thé€ nano titanium oxide hoa tan (water-
soluble titanium oxide nanocrystals) [13] va phtic
titanium hoa tan trong nudc (water-soluble

titanium complexes) [14].

Phuong phap hdp phu duoc st dung rong
rai dé€ xi ly chat hitu co 6 nhiém, nhung van dé tai
sinh chat xuc tac ciing gay nhiéu trd ngai cho cac
nha khoa hoc. Phuong phap rtra giai cac chat hitu
co bi hap phu bang dung moi hitu co cling gay ra
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sw 6 nhiém céc chat hitu co. Trong nghién ctru nay,
chung t6i tong hop TiO2/RHAC tir phtic titanium
hoa tan trong nude va than hoat tinh tir vo trdu laa
va st dung composite nay lam chat hap phu déloai
b6 céc chdt mau gay 6 nhiém va tan dung hoat tinh
quang xuc tac ciia chinh vat liéu nay dé€ tai sinh vat

liéu.

2 Thuc nghiém

Hoa chat

Anatase (TiO299%, Ptec), sodium hydroxide
(NaOH, 97%), chlohydric acid (HCl, 36%),
hydroperoxide (H20:, 30%), methylene blue
(C1sH1sCINsS) va N,N-dimethyformamide (DMF)
c6 xuat xit Trung Qudc; vo trdu dugc thu thap tai
dia phuong (Thira Thién Hué).

Téng hop TiO: hoa tan va carbon hoat tinh

Trong nghién cttu nay, TiOz hoa tan duoc
tong hop dua trén phuong phép thuy nhiét c6 ho
tro cta si€u am [15-17]. Phan tan 0,25 g bot TiO:
trong 12,5 mL dung dich NaOH 20 M; siéu am hén
hop trong 30 phut; sau d6 chuyén vao binh Teflon
va thuay nhiét ¢ 130 °C trong 10 gio. Sau khi lam
ngudi & nhiét do phong, hon hop duoc rita bang
dung dich HCI 0,1 M va nudc cat nhiéu lan. Cho
san phdm thu dugc sau khi sdy kho ¢ 80 °C phan
tng voi H202 ¢ 90 °C trong mot gio. Phikc titanate

thu duoc c6 mau vang cam dong nhat.

Carbon hoat tinh tong hop tit vo trdu qua hai
giai doan [18-20].

Giai dogn 1: 60 g vo trdu sau khi duoc rira
sach va sdy kho duoc ngam trong 800 mL dung
dich NaOH 1 M ¢ 90 °C trong 24 gio d€loai bo SiO-.
Vo trau sau d6 dwoc loc va rtra sach béng nudc cat,
say kho va nung 6 500 °C trong mét gio, thu duoc
san pham than (BIOC).

Giai dogn 2: Tron 2 g than voi 2 g NaOH,
nghién nhuyén, cho vao chén Ni va nung & 700 °C

trong hai gio. Ngdm san phdm thu duoc trong
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DMF va siéu am tach 16p trong 40 phut; sau d6 rita
sach va say kho ¢ 100 °C trong 24 gio, thu duoc
RHAC.

D& khao sat anh huong cua ti 1€ TiO2/RHAC
doéi véi vat liéu, ching toi tron phire TiO2/RHAC
theo cac ti 1é gam x:1 (x = 0,25, 0,5, 1,0 va 1,5 g),
khuay tir trong mot gio; sau d6 hdn hop duoc say
kho va nung ¢ 350 °C trong hai gio.

Thir hogt tinh hip phu ctia vit ligu: Chung toi
nhan thdy hiéu qua hdp phu cta vat liéu co6 xu
hwéng tang theo ti 1€ TiO2 dwoc thém vao (0,5:1)
sau do6 giam dan khi tiép tuc tang TiOz. Hiéu suat
hdp phu c6 cac gia tri nhu sau: (TiO/RHAC)
(0,25:1) 20,7%; (0,5:1) 44,8%; (1:1) 30,9%; (1,5:1)
24,8%. Mau TiO2/RHAC (0,5:1) dwoc lwa chon cho
cac thi nghiém tié€p theo.

D¢ khao sat anh huong ctia nhiét d6 nung
dén kha nang hap phu cua vat liéu, ching to6i tién
hanh tong hop mau (TiO2/RHAC) (0,5:1) theo quy
trinh trén va nung & 200, 350 va 500 °C. Kha ndng
hdp phu cua vat liéu d6i voi xanh methylene cua
mau nung 200 °C 1a 19,8%, mau nung & 350 °C 1a
44,8% va mau nung 6 500 °C la 21,1%. Do d6 mau
(TiO2/C) (0,5:1) ¢ 350 °C dwoc st dung trong cac thi
nghiém hap phu sau nay (Tt day ky hiéu chung la
TiO2/RHAC) .

HAp phu va tai sinh

Khio sdt diém dang dién ciia vdt liéu: phan tan
10 mg TiO2/RHAC vao cac binh tam giac 100 mL
chita 25 mL NaCl 0,1 M duoc diéu chinh pHi vé 2—-
12 b::fmg dung dich HCI 0,01 M va NaOH 0,01 M;
lac trong 24 gio véi toc d6 200 vong/phit sau d6 loc
hét cén vat liéu va xac dinh lai pHs cta cac dung
dich.

Khao sit anh hwedng cua pH dén d¢ hdp thu MB
ctia TiO2/RHAC: cum 8 binh tam giac 250 mL chtra
200 mL MB néng d6 15 ppm dugc diéu chinh pH
vé 2-12 bing dung dich HC1 0,01 M va NaOH 0,01
M. Cho vao mdi binh 10 mg vat liéu, day kin va 14¢c

trong 4 gio voi téc do 200 vong/phut. Ly tam loai
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b chat hdp phu. Nong d con lai cia MB duoc xac
dinh bang phuwong phép UV-vis & budc séng 664

nm.

Khdo sét cdn bang hép phy: 10, 20, 30, 40, 50, 60
va 70 mg cac vat liéu TiO2/RHAC, RHAC va TiO:
dwoc phan tan vao cac binh tam giac 250 mL chita
200 mL dung dich MB 15 ppm va lac trong 24 gio
v0i tan s6 200 vong/phat. Ly tam loai bo chat hap
phu. Nong do con lai cia MB duoc xéac dinh bang
phuong phap UV-vis 6 budc séng 664 nm.

Kha ning tdi hip phu vt ligu: stt dung ba binh
tam giac 250 mL chira 200 mL dd MB 15 ppm. 0,2 g
TiO2/RHAC duoc phan tan vao mdi binh; day kin
va lac trong 24 gid véi tdc d6 200 vong/phut. Ly
tam loai bo chat hdp phu; nong d6 MB con lai duoc
xac dinh bang phuong phap UV-vis & budc séng
664 nm. Phan chat ran dwoc giai hdp bang cach
khudy tir va chiéu sdng bang dén halogen trong
2 gid sau d6 rtra sach bang nudc cat sdy khd o
100 °C. Thuc hién twong tu nhw trén véi chét xuc

tac tai st dung lan 2 va Ian 3.

3 K&t qua va thao luan

31 Dactrung vat liéu

C4u trtc phase tinh thé ctia vat liéu tong hop
duoc nghién cttu theo gian d6 XRD (Hinh 1). Trén
gian d6 XRD cua than hoat tinh xudt hién cac dinh
nhidu xa tai cac goc 29,45, 36,49, 39,49, 43,03 va

101

20 cps

Cuwong do

20 30 10 50 50 70
20(@9)

Hinh 1. Gian d6 XRD cua RHAC, TiO:2 va composite
TiO2/RHAC
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47,56°, twong g véi cac mat nhidu xa (203), (213),
(205), (304) va (305), theo JCPDS-00-022-1069. Gian
d6 XRD cua TiO2 va composite TiO2/RHAC ¢6 cac
dinh nhiéu xa dién hinh cta pha anatase TiO2 ¢ cac
gbc 25,25, 38,15, 47,85, 54,65 va 62,75° twong tiing
v6i cac mat phang (101), (004), (200), (105), (204),
theo JCPDS -21-1272.

Hinh 2 trinh bay hinh thai cua cac vat liéu
tong hop duoc. TiO: duoc téng hop tir phiic
titanium peroxo c6 hinh thai cdu tao tit cac hat x6p
véi kich thude 0,1 dén 10 mm. Céc hat nay c6 cdu
tao tir cac hat nho vai chuc nano mét. Trong khi d6,
RHAC cé ciu tao tir cic tdm kich thuwdc vai chuc
micro mét. Hinh thai ctia composite va TiO2/RHAC
cau tao tr cac hat TiOz phan tan 1én chat nén than
hoat tinh RHAC.

Hinh 2. Anh SEM ctua RHAC (a), TiO2 (b) va composite
TiO2/RHAC (c)
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Hinh 3 trinh bay d6 thi Tauc d€ tinh nang
lwong vung cdm. Khong quan sat duoc go hap thu
nang lwgng cia RHAC. Cé thé xem RHAC 1a chat
dan dién. Nang luong viing cdm ctia TiO21a 3,2 eV,
twong dwong véi cac cong bd trudc day, nam trong
khoang 3,1-3,3 eV. Su phéi trdon cua TiO:2 véi
RHAC lam dich chuyén pho hip thu nang luong
vé vung anh sang do, ing voi nang luong vung
cAm béng 2,6 eV. biéu nay du doan vat liéu c6 hoat

tinh quang xtc tac trong vung kha kién.

Hinh 4 trinh bay déng nhiét hap phu giai —
hdp phu nitrogen cta than hoat tinh, TiO: va
composite TiO2/RHAC. Puong dang nhiét ctia cc
vatliéu thudckiéu IV ¢6 duong tré ctia vat liéu mao
quan trung binh. Doan tré xay ra & 4p suat tuong
d6i cao nén mao quan trung binh tao thanh ¢ gitra
cac hat. Céc vat liéu nay c6 ciu trac mao quan
trung binh va vi mao quan dan xen. Dién tich bé
mat tinh theo m6 hinh BET 1a 1712 m2-g-!, d6i véi
RHAC; 124 m2-g-! d6i v6i TiO2 va 436 m2-g-! doi véi
TiO2/RHAC. Dién tich bé mit ctia TiO2 va RHAC
twong d6i 16n so véi cac gid tri dugce cong bd truede
day, ching to TiOz2 ¢d ciu truc rat xop. Su két hop
cua TiO:2 va RHAC da gia tang dang ké dién tich bé

mat ctaa TiOx.
3.2 Kha ning hip phu xanh methylene (MB)

Hinh 5a trinh bay bién d6i dung luong hap
phu cta TiO2/RHAC ¢ cac pH khéc nhau. Khi pH
tang tir 2 dén 6, dung lwong hdp phu tang tir 50 dén
300 mg-g-'. Sau d6 gitr khong do6i va giam nhe khi
pH vuot qua 10. Piém dang dién cta TiO2/RHAC
tinh bang phuwong phap dich chuyén pH la 6,4
(Hinh 5b) nén tai pH nho hon 6,4 bé mit
TiO2/RHAC tich dién duong va 16n hon 6,4, bé mat
tich dién am. Mac khac, pKa ctia MB bé“mg 3,8 nén
tai pH nho hon 3,8, MB tich dién duong va 16n hon
3,8, MB tich dién am. Nhu vay, 6 pH thap (<6,4)
dung lwong hdp phu ting do luc hut trai dau cua
MB tich dién am va bé mat tich dién duong cua
TiO2/RHAC. Khi pH cao (>10), ca hai déu tich dién
am nén c6 khuynh huéng ddy nhau nén dung

luong hap phu giam.
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Hinh 3. D6 thi Tauc cia RHAC, TiO2 va composite
TiO2/RHAC
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Hinh 4. Gian d6 dang nhiét hap phu/giai hap phu
nitrogen cia RHAC, TiO:z va composite TiO2/RHAC
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Hinh 5a. Anh huong ctia pH dén kha ning hap phu

MB 1én vat liéu TiO2/RHAC
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Hinh 5b. D6 thi x4c dinh diém dang dién ctia composite TiO2/RHAC

Hinh 6 va Bang 1 trinh bay d6 thi va cac
tham s8 ctia phuong trinh déng nhiét Langmuir va
Freudlich. Ca hai m6 hinh déu c6 kha nang tuwong
thich véi cac s§ liéu can bang hap phu cua
Langmuir va Freudlich véi hé s6 xac dinh cao
(R? = 0,992+0,998). Diéu nay ciing ching to qua

trinh hap phu xay ra don 16p cung véi cac bé mat

220 1

c6 nang luong khac nhau. TiO:z ¢6 dung luwgng hap
phu thip. Pang chu y 1a dung luong hdp phu cua
RHAC 16n hon nhiéu so véi ctia TiO2/RHAC. Sy
phoi tron TiO2/RHAC lam giam kha nang hap phu
MB mét cach dang k€. Tuy nhién, vat liéu thu duoc
c6 dung luong hdp phu twong déi 16n so véi cac
vat liéu duoc cdng bo truede day (Bang 2)

a
2004 ® Thyc nghi¢ém
180 4 — Langmullr
—— Fruendlich
160
~~
A\
o 1404
2 120+
E
g 100
80 1
60+
40
20 T T T T T T T T
1 2 3 4 5 6 7 8 9
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85 1 Cc
40 804 ® Thuc nghiém n
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Hinh 6. Déng nhiét hdp phu ctia MB ddi voéi cac vat liéu a) RHAC; b) TiO2; ¢) compositeTiO2/RHAC
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Bang 1. Dung lugng hap phu ctia composite TiO2/RHAC, TiOz2 va RHAC

M6 hinh dang nhiét Langmuir

Mo hinh dang nhiét Freundlich

Vit liéu
qm, mg-g! Ki, L-g? R? n Kr, L-g? R?
RHAC 335,777 0,139 0,981 1,737 49,854 0,993
TiO2/RHAC 144,726 0,094 0,997 1,744 18,683 0,998
TiO2 65,216 0,084 0,999 1,932 9,072 0,999

Bang 2. So sanh dung luong hap phu ctia composite TiO2/RHAC véi mot s6 vat liéu khac

Vat liéu Dung luong hap phu MB Tai liéu tham khao
V6 cay Walnut 80,4 [21]
Kaolinite 20,1 [22]
Than hoat tinh tr sinh khdi dau huéng duong 15,6 [23]
Than hoat tinh ttt vo cay Pistachio 129,0 [24]
TiO2/RHAC 144,7 Cua nghién cttu nay
RHAC 335,7 Cua nghién cttu nay
TiO2 65,2 Cua nghién cttu nay
100 4 Két luan
Vat liéu TiO2/RHAC da dwoc tong hop tir
LY 6793 phttc hydroperoxide titanium va than hoat tinh ttr
5 vo trau. Vat liéu thu duoc c6 dién tich bé mit va
o dung luong hap phu 16n. Vat liéu c6 thé tu tai sinh
% nho hoat tinh xtc tac trong vung kha kién. Sau ba
o lan hap phuy, cau truc va dung luong hap phu cta
TiO2/RHAC it thay d6i, chiing to vat liéu nay bén
va c6 tiém nang tng dung trong thuc tién.

Hinh 7. Kha ndng hé’p phu ctia composite TiO2/RHAC
sau cac [an tai sinh

Hinh 7 trinh bay su thay d6i dung luong hap
phu cua TiO2/RHAC sau ba Ian tai sinh. Vi cac vat
liéu thong thuwong, qua trinh tai sinh thwong st
dung cac chdt httu co (methanol, ethanol,
benzene...) d€ rira giai MB. Do vat liéu TiO2/RHAC
6 hoat tinh quang xtc tac nén MB c6 thé tu phan
hty trén bé mat TiO2/RHAC khi btic xa bang anh
sang kha kién. Sau ba Ian hap phy, dung lwong hap
phu khong thay déi nhiéu (4,23-8,79%) (Hinh 7),

chiing to vat liéu bén trong sudt qua trinh hap phu.
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