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ABSTRACT

The adsorption capacity of rice husk ash could be improved by activation
steps. In this study, rice husk ash from the combustion furnace of
brick manufacture was activated by a chemical corrosion with
hydrofluoric acid (HF). The objectives of this study were to: (1) determine
the characterization of activated rice husk ash (A-RHA) and (2) compare
the methyl orange (MO) adsorption capacity of A-RHA and activated
carbon (AC) adsorbents. Characterizations of A-RHA (including, Fourier
Transformation Infrared (FTIR), X-Ray Diffraction, and specific surface
area (Brunauer Emmett Teller method - BET)) were analysed. Our results
show that the specific surface area of A-RHA is ~ 410 m?/g greater than
that of fresh rice husk ash (i.e. ~ 16 m*/g). The equilibrium time for MO
absorption is short recorded for the A-RHA material (~ 15 min.). Besides,
the MO adsorbent capacity of A-RHA is ~ 1.7-fold greater than that of the
AC. It suggests that the A-RHA material is a potential adsorbent for
removing organic compounds from wastewater.

TOM TAT

Kha ndang hdp phu cia tro trau cé thé dwoc tang ding ké sau qud trinh
hoat héa. Trong nghién ciru nay, tro trau dwoc ldy tir [0 dot ciia qud trinh
san xudt gach dwoc hoat héa bang phwong phdp dn mon héa hoc véi axit
flohidric (HF). Muc tiéu cua nghién cuu la (1) xac dinh cac dac trung co
ban cia tro trdu sau khi hoat héa (A-RHA) va (2) so sanh kha nang hap
phu metyl da cam (MO) trong méi triwong nuéc cua A-RHA so voi than
hoat tinh (AC). Mot s6 ddc trung co ban cua A-RHA da dwoc phan tich
nhw phé ho”‘ng ngoai FTIR, phé nhiéu xa tia X va dién tich bé mdt riéng
(BET). Két qud nghién ciru cho thdy dién tich bé mat riéng ciia A-RHA di
tang déang ké (~ 410 m*/g) so véi mau tro trau ban dau (~ 16 m*/g). Thém
vdo dé, vit liéu A-RHA cé thoi gian dat can bang hdp phy nhanh (~ 15
phut) va dung luong hdp phu MO ciia A-RHA cao hon so véi AC (~ 1,7
lan). Tir d6 cho thay A-RHA la mét vit liéu tiém ndng dé g dung logi bo
cdc hop chdt hitu co trong méi trieong nude.

Trich dan: Phan l?huéc Toan, Nguyén Trung Tl}a‘mh va Ngo Thuy Diém Trang, 2016. Pic trung va kha
nang hap phy metyl da cam cua tro trau hoat héa. Tap chi Khoa hoc Truong Pai hoc Can Tho.

42a: 50-57.
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1 GIOI THIEU

Metyl da cam ndi riéng va cac phdm mau ho
azo noi chung 13 nhitng hop chat hitu co thudong
dugc st dung rong rai trong phong thi nghiém, cac
nganh dét may, in 4n, san xuat gidy... Gan day, cac
nha nghién ctru da phat hién ra tinh doc hai va
nguy hiém ctia hop chit ho azo dbi véi moi truong
sinh thai va con nguoi, dic biét hop cht nay cé thé
gdy ung thu cho ngudi st dung (Slokar and Le
Marechal, 1998; Pinheiro et al., 2004; Mittal et al.,
2007). Bé xir Iy cac hop chat hitu co nhu metyl da
cam, c6 nhiéu phuong phap di dugc 4p dung nhu
phuong phap hip phu, phuong phap oxy hoa,
phuong phap dién hoa,... Trong d6, phuong phap
hap phu bang than hoat tinh dugc danh gia 1a mot
phuong phap hitu hiéu (Rao ef al., 2004; Rodriquez
et al., 2009). Hién nay, than hoat tinh dugc xem la
chat hap phu phd bién nhat va thuong dugc san
Xuat tir gao dua; tuy nhién, than hoat tinh cé gia
thanh cao va ngudn cung han ché. Nhing nim gan
day, phuong phap hap phu dua trén nhiing vt li¢u
ré tién c6 ngudn gbc tir phu pham hay phe thai
dang thu hut sy quan tam nghién ctru cua nhiéu nha
khoa hoc véi mong mudn tim ra nhitng vat liéu hap
phu méi, vira c6 hiéu qua cao, chi phi thap va than
thién v6i moéi trudng. Nhidu vat lidu da duoc
nghién cru nhu ba mia, xo dura, tro triu, vo cam,
vo6 chudi, vo lac... Trong do, tro trau duoc danh gia
1a mot vat ligu rat co trién vong vi c6 kha nang hap
phu nhiéu thanh phan 6 nhiém va ngudn nguyén
lidu doi dao (Ahmaruzzaman and Gupta, 2011).

Trong nhimg nam gin dy, ¢ nudc ta tro trau di
dugc nghién cuu ung dung vao mot s6 linh vuc
nhu cai tao dit trong nong nghiép, lam phu gia
trong san xuét xi mang, vat liéu xay dung nhe...
(Hoang Xuén Phuong, 2009; Nguyén Vin Tuin va
ctv., 2012). Nhung nhin chung van chwa c6 giai
phap nao tin dung hiéu qua ngudn chit thai nay.
Bén canh d¢, tro triu ciing dugc nghién ciru trong
hap phu cac hop chét hiru co khé phan hiy nhu
congo doé (Anirban ef al., 2009), metylen xanh
(Pankaj et al, 2010) va loai bo cac ion kim loai
nang (Qingge et al., 2004; Srivastava et al., 2008).
Tuy nhién, cac két qua nghién ciu déu ¢ nhimng
han ché nhét dinh, chu yeu 1a chua cai tién duogc
hoat tinh bé& mit cta tro trAu nén kha nang hép phu
khong cao. Nghién ctru cia Nguyén Trung Thanh
va ctv. (2010) da tién hanh hoat héa tro trau bang
phuong phap dn mon hoa hoc véi axit HF. Két qua
bude dau cho thay tro triu sau khi hoat hoa c6 kha
ning hap phu metyl da cam t6t. Tuy nhién, nghién
ctru chi tép trung vao diéu kién hoat hoéa ma chwa
phan tich cac dic trung va danh gia kha ning hap
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phu cua vat liéu. Do d6, nghién ctru nay dugc thuc
hién nhim xac dinh cac dic trung co ban va so
sanh kha nang hap phu metyl da cam cua tro trdu
sau khi hoat hoa so véi than hoat tinh.

2 PHUONG PHAP NGHIEN CUU
2.1 Hoéa chat

Metyl da cam (dang bot, MO) va Potassium
Bromide (KBr) dugc mua tir cong ty cua Merck;
axit flohidric (HF), HCI va NaOH c6 ngudn gdc tir
cong ty Guangdong Guanghua Chemical Sci-Tech
(Trung Quéc); than hoat tinh 1am tir gao dira (dang
bot) duge cung cép tir cong ty TNHH Thuong mai
Viét Hoang Long (Viét Nam); nudc khir ion (DI
water) dugc st dung trong qua trinh hoat hoa tro
trau va pha ché dung dich MO dung trong cac thi
nghiém.

2.2 Mau tro triu

Mau tro triu dugc thu trye tiép tai cac 10 gach
thii cong c6 sir dung triu lam nguyén ligu dbt (khi
10 d3 nung xong va tro trau da ngudi dén nhiét do
mdi trudong). Do thanh phan tro triu phu thudc 16n
vao diéu kién ddt trau (nhu: nhiét do ddt, thoi gian
lru...) nén mau tro trdu sir dung trong nghién ctru
nay s& duoc tron tir cic mau tro trau liy ngiu nhién
tai cac 10 ddt gach trén dia ban huyén Chg Mdi,
tinh An Giang.

2.3 Hoat héa tro trau

Tro trau thd (F-RHA, c6 mau den) thu tir cac 10
dbt gach 6 huyén Cho Mdi, tinh An Giang dugc xir
ly bang cach rira vai lan véi nude DI va sdy kho &
nhiét d6 110°C qua dém. Sau d6, F-RHA duogc
hoat hoa bang phuong phap dn mon héa hoc voi
dung dich axit HF 10% thé tich. Cu thé 1a mot hdn
hop gom 20 gam F-RHA va 800 mL dung dich HF
10% thé tich duoc khuéy tron lién tuc ¢ nhiét do
phong. Sau 30 phat khudy tron, chat ran dugc tach
ra bang cach loc va rira nhiéu lan v6i nude DI dén
pH trung tinh. Cudi cing, tro triu sau khi hoat hoa
(A-RHA) thu dugc bing cach sdy chit rin nay &
nhiét @6 110°C trong 12 gid (Nguyén Trung Thanh
va ctv., 2010).

2.4 Thuc nghiém hip phu MO

Thi nghiém dugc bb tri trong diéu kién phong
thi nghiém vai 03 loai vat lidu (tro trdu tho; tro trau
hoat hoa; than hoat tinh) va thoi gian hap phu khac
nhau (5, 10, 15, 20, 25, 30 phut,... cho dén khi kha
nang hép phu cua vat liéu dat trang thai can béng).
Céc nghiém thirc duge b tri hoan toan ngau nhién
v6i 04 1an 1ap lai ¢ cac diéu kién thi nghiém giéng
nhau: Can chinh xac 10 mg vat liéu cho vao binh
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tam giac (dung tich 100 mL) c6 chira 50 mL dung
dich MO ndng d6 10 mg/L (pH ~ 5, duoc diéu
chinh bang dung dich NaOH loang va HCI lodng);
tiép theo, lic déu hdn hop va thuc hién qua trinh
hap phu trong didu kién nhiét do phong; sau thoi
gian hap phuy, thu mau nude bang cach loc hon hop
qua gidy loc va tién hanh xac dinh nong d6 MO
con lai (Nguyén Trung Thanh va ctv., 2010).

2.5 Xac dinh ham lwgng MO

Nong d6 MO trong céc thi nghiém dugc xac
dinh bang phwong phap so mau trén may quang
ph6é UV-Vis Analytik Jena (model: Specord 210,
Duc). Cac dung dich chuin MO dugc pha ché tir
hoa chit do cong ty Merck cung cép dé xay dung
duong chuan phuc vu cho viée xac dinh ham luong
MO.

2.6 Phan tich diic trung clia miu

Nhiéu xa tia X (XRD) ciia mau dugc thuc hién
véi may D2 Phaser (model: XRD 300W, DPuc)
budc goc quay 1a 0,05°, budc thoi gian 30s st dung
ngudn phat xa 1a Cu Ka (A= 1,5406 A). Dic trung
thanh phén héa hoc bé mat cua mau dugce thue hién
bang phwong phép quang phé hdng ngoai (FTIR)
trén may quang phé Bruker (model: Alpha, Drrc).
Dién tich bé mat riéng ciia mau duoc thuc hién
bang phwong phap BET (Brunauer Emmett Teller
method) voi may Sorptometer (model: CBET
210A, My).

2.7 Tinh toan va xir Iy s6 liéu

Hiéu qua hép phu MO (%) cua vat liéu duoc
xac dinh theo cong thic:

A= =G
c

o

x100

Dung lugng hip phu MO (mgMO/g) dugc xac
dinh theo cong thic:

C”_C“XV

q=
m

Trong d6:

C,, C; va Ce 1511 luot 1a néng dd MO ban dau
(mg/L), sau khi tiép xtic mdt khoang thoi gian t va
sau thoi gian hap phu can bang.

V la thé tich cua dung dich MO duogc su dung
trong céac thi nghiém (50 mL); m 1a khéi luong cua
chat hap phu duoc st dung (10 mg).

Tt ca sb liéu vé kha nang hip phu MO ciia cac
vat li€u duogc tinh toan gia tri trung binh va sai $6
chudn bang phan mém Microsoft Excel 2013. So
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sanh két‘ qua trung binh gitra cac nghiém thic biang
phan mém thong ké Statgraphics Centurion XV
(StatPoint, Inc., USA) dya trén kiém dinh Tukey
5%.

3 KET QUA VA THAO LUAN
3.1 Cac dic trung ciia tro triu hoat héa

Tro trdu thd duge thu gom tir cac 10 dbt tréu (10
d6t san xudt gach thu cong) lam nguyén lidu cho
qua trinh san xudt chit hip phu. O day chat hap
phu dugc san xuat bang phuong phap dn mon héa
hoc dua vao phan Gng co ban gitta HF-10% va
Si0; nhu da dugc trinh bay trong nghién ctru trudc
day (N guyen Trung Thanh va ctv., 2010). Hinh anh
clia tro tréu tho va tro triu sau kh1 hoat hoa dugc
thé hién trong Hinh 1.

Tro trdu thé Hinh 1A c¢6 mau sic khong dong
déu va khi nghién min thi hdn hop c6 mau xam. Sy
khac biét vé mau sic nay 1a do sy khac biét thoi
gian luu cua vo tréu trong 10 d6t. Tuy nhién, sau
qua trinh hoat hoa, san phém thu duoc tir tro triu
c6 mau den dong nhat Hinh 1B. Piéu nay cho thay
rang ty 1& cacbon/cac hop chéit vo co ting 1én so
v6i ban ddu. Nguyén nhan c6 thé 1a do cac thanh
phan v6 co (nhu silic) dd dugc hoa tan boi axit
HF va loai bo khoi cdu tric tro trdu sau qué trinh
hoat hoa.

’H'IIIIIIIIII.II|||H|J [HII[IHI]IIH[IHIIII
0O cm 1 2 0cm 1 2
Hinh 1: Tro triu thd (A) va tro triu hoat héa (B)

Thanh phan hoa hoc trén bé mit cua chat hap
phu anh huong rat 16n dén hoat tinh hap phu va xuc
tac cua vét liéu (Comotti et al., 2005). O day, thanh
ph?ln bé mat cua tro tru hoat hoa dugc xac dinh
béi FTIR. Phd FTIR ctia mau tro triu thd va tro
trau sau khi hoat hoa dugc thé hién trong Hinh 2.

Sau qué trinh hoat hoa bang dung dich axit HF,
phé FTIR cua A-RHA don gian hon so v6i phé
FTIR ctia mu tro triu ban dau - Hinh 2. Piéu nay
n6i 1én rang sau qua trinh hoat hoa cac tap chat
cling nhu mot s chat c6 thé hoa tan trong dung
dich axit HF d3 dugc loai bo khoi tro triu. Dic
biét, miii dao dong & vi tri 620 cm™ ddc trung cho
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lién két Si-H va cac miii dao dong tir 1400 dén
1800 cm™! dic trung cho lién két Si-F (Ibrahim et
al., 1980) duoc tim thay trén phd FTIR cua tro trdu
tho nhung khong tim thiy trén phd FTIR cua tro
trau sau khi hoat hoa. Nhin chung, sau qua trinh
hoat hoéa tro trdu bﬁng HF, mét lugng silic trong
cAu tric cua tro trdu da dugc tach khoi tro trdu va
khong nhiém ban miu tir qué trinh hoat hoa (diéu
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nay co thé 1a do cac san phiam cua qua trinh
hoat hoa 1a SiFs dé dang bay hoi hoic H,SiFs tan
trong nudc). Tom lai, tro triu sau qué trinh hoat
hoa c6 thanh phan héa hoc don gian hon gém cac
miii dao dong cua Si-H (520-800 c¢m); Si-O-Si
(1080 cm™); C=C (1600 cm™); C=0 (1730 cm™);
C-H (2930cm™); -OH (3400 cm") (Ibrahim et al.,
1980).

Cudng dd (a.u.)

T
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Hinh 2: Phé FTIR ciia tro triu thé (F-RHA) va tro triu hoat héa (A-RHA)

Nhiéu xa tia X (XRD) ctia tro trau thd va tro
triu sau khi hoat hoa dugc thé hién trong Hinh 3.
Két qua ghi nhan hau hét cac dinh dao dong xuét
hién trén XRD cua F-RHA c6 cudong d6 kha 16n va
khong dwoc tim thdy trén XRD cua A-RHA. Piéu
d6 cho thiy cac thanh phan tap chit tir tro triu
nguyén liéu da duoc loai bd sau qua trinh hoat hoa

va A-RHA c¢6 kich thudc hat nhé hon so véi F-
RHA. Thém vao d6, XRD ciia tro triu sau khi hoat
hoa ¢6 dinh déc trung ¢ khoang 2 theta (20) - 25°,
day la nhidu xa ciia cacbon. Két qua nay rat glong
v6i cac két qua trude day khi nghién ctru vé than
hoat tinh (Zhang et al., 1996).
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Hinh 3: Nhiéu xa tia X (XRD) ciia tro triu thé (F-RHA) va tro triu hoat héa (A-RHA)
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Hinh 4B chi ra anh SEM cua tro trdu sau khi
hoat héa so v6i anh SEM cua tro trau _nguyén liéu
Hinh 4A, ket qué cho thay hinh thai bé mit va cau
trac tro trau di co sy thay dbi dang ké sau qua trinh
hoat hoa. Bé mit cua tro trAu hoat hoa ¢ cdu tao
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g0 ghé va ton tai nhidu 16 xdp co6 kich thudc kha
ddng déu. Sy xuat hién cac 16 xdp nay c6 thé dwoc
tao ra tir qua trinh an mon héa hoc bang axit HF.
CAu tao bé mit cua tro trAu hoat héa nhu vay rat
hitu ich véi vai trd chat hap phu.

Hinh 4: Anh SEM ciia tro triu thd (A) va tro triu hoat hoa (B)

Dién tich bé mit riéng clia tro triu thé (nghién
min) va tro trdu hoat hoa dugc thé hién trong Hinh
5. Két qua cho thiy dién tich bé mit riéng cia tro
trau hoat hoa (410 m%/g) cao hon ~ 26 1an dién tich

bé mit riéng cla tro triu nguyén liéu (16 m¥/g).
Diéu nay cho thiy vai tro quan ‘trong cua HF trong
qué trinh hoat hoa d6i véi tro tréu.
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Hinh 5: Dién tich bé mit riéng (BET) ciia tro triu thd (F-RHA) va tro triu hoat héa (A-RHA)

3.2 Kha niang hip phu metyl da cam ciia
tro trau hoat héa

Hiéu qua hép phu metyl da cam theo thoi gian
clia tro trau tho, tro trdu sau khi hoat hoa va than
hoat tinh duoc thé hién trong Hinh 6. Két qua cho
thiy, trong ciing diéu kién thi nghiém, tro trau sau
khi hoat hoa cho hi¢u qua hap phu metyl da cam tdt
hon nhiéu so v&i tro trdu tho va than hoat tinh. Cu
thé, hiéu qua hap phu cua A-RHA ~ 66,7% so voi
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F-RHA ~ 2,64% va AC ~ 38,2%. Ngoai ra, mau tro
trdu sau khi hoat hoa dat dén trang thai can béng
trong mot khoang thoi gian rt ngén (~ 15 phit), so
sanh vai than hoat tinh (~ 20 phut) va tro trdu tho
(~ 30 phut). Két qua cho thiy tro triu hoat hoa dat
trang thai can bang nhanh hon; ddy 1a mét vu diém
ndi bt cua tro trdu hoat hoa. Su tién nhanh dén
trang thai can bang ciia qua trinh hap phy metyl da
cam 1én bé mat vat liéu c6 thé 1a do dién tich tiép
xuc 16n gitta cac phéan tir metyl da cam trong dung
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dich va tam hép phu trén bé mat vat liéu; diéu nay
6 thé dat dugce do dién tich bé mat riéng 16n cua
tro tru sau qua trinh hoat hoa bang dung dich axit
HF. Thém vao do, sy tién nhanh dén trang thai hap
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phu can bang co thé rit ngén thoi gian luu nudce va
tang luu lugng nude xir 1y (hodc tang hiéu suit xir
1y), diéu nay co ¥ nghia rat 16n khi trién khai ing
dung vat liéu vao thuc tién.
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Hinh 6: Hi¢u qua hip phu metyl da cam ciia tro triu thé (F-RHA), tro triu hoat h6a (A-RHA) va
than hoat tinh (AC) theo thoi gian (trung binh £ sai s6 chuén, n = 4)

Trong nghién ctu nay, khai niém “dung luwong
hcfp phu MO dugc st dung dé thé hién ham luong
metyl da cam bi hip phu t6i da trén mot don vi
khdi lugng vat liéu tai thoi diém can bang. Pay 1a
mot trong nhitng chi ti€u quan trong danh gia kha
nang hép phu cia vat li¢u, lugng metyl da cam
duoc giit lai cang nhiéu thi vat liéu d6 c6 kha ning
héap phu cang cao. Dung luong hap phu metyl da
cam cua tro triu tho, tro trau hoat hoa va than hoat
tinh dugc thé hién trong Hinh 7.

So sanh vé& dung luong hip phu cho thiy tro
trau sau khi hoat hoa c6 kha nang hap phu metyl da
cam cao nhét (~ 33,5 mgMO/g), cao gip 1,7 lan so
v6i than hoat tinh (~ 19,2 mgMO/g) va 33,2 lan so
v6i tro triu thd (~ 1,01 mgMO/g) - Hinh 7. Piédu
nay c6 thé 1a do dién tich bé mat riéng cua than
hoat tinh (~ 104 m%g) va tro trau thd (~ 16 m%/g),
nhé hon nhidu so véi tro trdu sau khi hoat hoa
(~ 410 m%/g).
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Tir két qua nghién ctru cho thdy vat liéu A-
RHA c6 kha ning hip phu metyl da cam rét t6t va
thé hién tinh canh tranh cao so véi than hoat tinh.
Ngoai ra, vat liéu A-RHA ciing cho théy su vuot
trdi so voi mot sb vat lidu he”ip phu cé nguén géc tur
phé thai da dwoc nghién ctru gin day. Chang han
nhu vat liéu duoc ché tao tir bi mia trong nghién
ctru cia Ngd Thi Lan Anh (2011) c6 thoi gian dat
can béng hap phu metyl da cam ~ 90 phuat va dung
luong hap phu ~ 11,6 mgMO/g (thép hon ~ 2,9 lan
s0 v6i A-RHA); vat ligu ché tao tir xo dira (N guyen
Van Thanh, 2012) c6 thoi gian dat can bang hap
phu metyl da cam ~ 120 phut, dung lwong hip phu
~ 14,7 mgMO/g (thap hon ~ 2,3 lan so v6i A-
RHA) va c6 dién tich bé mit riéng ~ 94 m%g, nho
hon ~ 4,4 14n so véi vat lieu A-RHA trong nghién
clru nay.
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Hinh 7: Dung hrgng hip phu metyl da cam ciia tro triu thé (F-RHA), tro triu hoat héa (A-RHA) va
than hoat tinh (AC) (trung binh = sai s6 chuin, n = 4)

Ghi chii: “b< khdc ky tie thi khdc biét ¢6 y nghia thong ké (kiém dinh Tukey, p<0,001)

4 KET LUAN

Qua trinh hoat hoa bang phwong phap in mon
hoa hoc vai axit HF da cai thién dugc hoat tinh h?ip
phu cua tro trdu. Két qua nghién ciru cho thy dién
tich bé mat riéng cua tro trdu sau khi hoat hoa da
tang dang ké (~ 410 m¥/g) so véi tro triu ban dau
(~ 16 m*g). Do do, vai trd cua qua trinh hoat hoa
duoc thé hién 1o trong viéc nang cao hiéu qua hép
phu va lam giam thoi gian dat can bang hap phu so
v6i mau tro tru ban dau. Trong do, vat liéu A-
RHA c6 thoi gian dat can bang hip phu nhanh (~
15 phut) va dung lugng hip phu metyl da cam cao
hon (~ 1,7 lan) so v&i than hoat tinh trong cling
diéu kién thi nghiém. Vi vay, tro trdu hoat hoa co
thé dugc danh gia 1a mot dang vat li€u mdi cé tinh
canh tranh cao d6i véi than hoat tinh va 1a mot vat
liu hdp phu day trién vong dé trién khai 4p dung
thuc té.

LOI CAM TA

Tac gia chan thanh cam on B6 moén Khoa hoc
Mai truong, Truong Pai hoc Can Tho va B6 mon
Mbi truong & Phat trién Bén viing, Truong Dai
hoc An Giang da hd trg chung toi hoan thanh tdt
két qua nghién ctru nay.
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