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TOM TAT

Trong bai bdo nay trinh bay tong hop carbon hoat tinh ti tro trau va kha nang hap
phu xanh methylene ctia né. Vat liéu diéu ché& duoc dic trung bang phuong phap
nhiéu xa tia X (XRD), hién vi dién tir quét (SEM), phuong phép tén xa nang luong
tia X (EDX) va dang nhiét hdp phu khit hap phu nitrogen. Két qua cho thdy rang
carbon hoat tinh thu dwoc c¢b @d tinh khiét, dién tich bé mat va do tinh khiét cao.

Carbon hoat tinh nay c¢6 kha nang hdp phu xanh methylene rat cao. Day la vat liéu

hép phu tiém nang cho x& ly nudc thai 6 nhiém.

Tw khéa: Hap phu, methylene blue, than hoat tinh

1. MO PAU

Than hoat tinh (AC, Activated Carbon) da duoc nghién cttu va st dung tir rat
lau, ddc biét trong linh vuc hap phu. Viéc diéu ché AC thuong duoc tién hanh bdi hai
giai doan trong d6 nguyén liéu tho dau tién duoc carbon héda & nhiét do thap, tiép theo
la hoat hoa ¢ nhiét do cao hon [1]. Cac qua trinh héa nhiét nhw nhiét phan hay khi hoa
dwoc ap dung dé€ diéu ché AC tir sinh khdi do ndng luong cao cta nd. Nhiét phan la
phuong phap pho bién diéu ché AC tir than da, san pham dau khi [2]. Viéc x¢ 1y loai bo
chat am, chat bay hoi cua sinh khoi, AC thu dwgc c6 nhiéu tinh chat khac véi carbon ban
dau. Su khéc biét dang cha y nhat 1a do x0p, dién tich bé mat, cdu tric mao quan, tinh
chat hoa hoc nhw thanh phan hda hoc, cac nhém chire trén bé mat than hoat tinh [3].
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Trong cac nghién cttu gan day, dién tich bé mat riéng tinh theo m6 hinh dwoc cong bd
ttr 250 - 2410 m2.g! va thé tich mao quan khoang 0.022 - 91.4 cm?.g™! [4]. C4c thay d6i nay
lam cho AC c6 kha nang ting dung trong cac linh vuc xtc tac , hdp phu x Iy 6 nhiém
khong khi va nudc thai [5]. Gan day, AC la vat liéu duoc sit dung rong rai cho ting dung
dién hoa, do chi phi thap, dién tich bé mat riéng cao va d6 dan dién tt [6, 7]. C6 hai
phuwong phap chinh hoat hda than, d6 1a hoat hoa vat Iy va hda hoc. Hoat hoa vat ly bao
gom hai budc. Dau tién la sy carbon hda cac vat liéu giau carbon, ti€p theo la hoat hda &
nhiét d6 cao hon vdi su hién dién cac chat oxy hoa thich hop nhu CO2, khong khi, hoi
nudc... Hoat héa héa hoc ciing bao gom hai giai doan dugc thuc hién dong thoi bang
cach tron tién chat carbon vdi cac tac chat hoat tinh héa hoc hay loai nudc (NaCl, NaOH,
H5POs...) . Hoat hoa hoa hoc c6 nhitng wu diém hon hoat hoa vat 1y vi chi thuc hién mot
giai doan ¢ nhiét d¢ thap va vi thé cac cau tric x6p ctia AC phat trién hon. Phuwong phép
nay ciing thuan 1oi cho viéc bién tinh AC bang cac chat vd co va hitu co khac. Ngoai ra
mot qud trinh hai budc bao gom hoat hoa vat ly va héa hoc cling duwoc cong bé [4, 8, 9].

Trau (RH) la mét phu pham noéng nghiép dwgc tim thay rat nhiéu ¢ cac nudce
nhiét déi. RH chita nhiéu hon nguyén t6 cacbon 37% theo khoi luong [10], do dé nod trd
thanh nguyén liéu tiém nang d€ san xudt AC. Cac nghién cttu la thé nao dé€ tao ra AC ¢6
dd tinh khiét cao, dién tich bé mat 16n da va dang duoc nghién ctru.

Trong nghién ctu nay, chung toi tong hgp vat liéu siéu hap phu carbon hoat tinh ttr
v trdu cd sy két hop hoat hoa hoa hoc/ vat ly. AC thu dugc dung dé nghién ctu kha
nang tng dung hap phu phdm mau xanh methylene.

2. THUC NGHIEM
Vit liéu
Vo trdu duoc lay tir viung dia phuwong Quang Ngai. Methylene blue (MB)

(CieH1sCINsS, M = 319.85 g-mol™), NaOH (> 98%), HCl (> 98%), KOH (> 98 %),
Dimethylformamide (CH3)2NCHO (> 98 %) duwoc mua tit hang Merck (Dtxc).

Téng hop vat liéu

Vo trau sau khi duoc rira sach, sdy khé dem ngam véi NaOH 1M trong 24 gio &
90 °C dé€'loai bo SiO2. San pham dugc dem nung trong diéu kién khong cd khéng khi 6
700 °C thu duoc than (BIOC). BIOC duoc tron véi KOH ¢ cac ty 1€ 1:3 roi dem nung 6
nhiét d6 850 “C trong 2 gio. San phdm thu dugc dem siéu am tach 16p véi dung moi
dimethylformamide (DMF), sau d6 loc, rira, sdy kho ¢ 100 C trong 24 gio thu dwoc vat
liéu hap phu. Mau AC dugc tong hop theo qui trinh nhu trén nung & nhiét d6 850 C véi
ty 1€ mKOH/mBIOC = 1:2; 1:3; 1:4 ky hiéu lan lwot la M12, M13 va M14. Mau duoc tong
hop theo qui trinh nhu trén véi ty 1€ mKOH/mBIOC = 1: 3 va nung ¢ cac nhiét d¢ khac
nhau ttr tit 800 "C dén 950 "C ky hiéu lan luot la M800; M850; M900; M900.
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Céch thitc xac dinh diém déng dién ctia AC tuong te nhu tai liéu [11]. Cho vao
mot loat 9 binh tam giac (dung tich 250 mL) 25 mL dung dich nudce cat va 0,02 g AC. Gia
tri pH ban dau ctia dung dich (pH;) dwoc diéu chinh nam trong khoang tir 2 dén 10 bang
HCI hay NaOH. Day kin va lac bang mdy lac trong 24 gid. Sau d6, d€ lang, loc sach
huyén pht1 bang gidy loc, do lai cac gia tri pH goi 1a pHr. D6 thi biéu dién mdi quan hé
su khac nhau gitra cac gia tri pH ban dau va sau cung (ApH = pH: - pHi) theo pHi 1a
duong cong cat truc hoanh tai ApH = 0 cho ta gia tri pH dang dién (pHpxc). Trong dé tai
nay, pH ctia cac dung dich duoc do trén may HQ411d Hach ctia Dtc.

Thiét bi

Gian d6 nhiéu xa XRD ctia mau nghién ctru dwgc ghi trén may D8 Advance Eco
(Bruker — Dtic), 8ng phat tia X bing Cu vdi budc song 4=1,5406 A, dién 4p 40kV, dong
25mA, cdng suat 1000 W, géc quét tir 1 dén 80 d9, nhiét do phong. Phd hong ngoai dwoc
ghi trén may TENSOR37. Pho EDX duoc ghi trén may JED-2300 JEOL, ¢ 20 KV tai Vién
khoa hoc vt liéu Ha No6i. Anh SEM duoc ghi trén may SEM JMS-5300LV (Nhat) ¢ 10
kV. Phuong phap hap phu - khit hap phu nito 6 77 K duoc do trén may Micromeritics
ASAP 2020, cac mau dugc hoat héa ¢ 150 °C trong 3 gid dudi 4p suét chan khong trude
khi do. Phwong phdp phan tich nhiét dugc thiec hién trén mdy Labsys TG SETARAM
cua Phap vdi toc d¢ gia nhiét 10 °C/phat tir 20°C dén 800 °C. Phd UV-Vis dugc do trén
may Jasco V-730 Spectrophotometer cua Nhat 6 budc song tir 200 nm dén 800 nm.

3. KET QUA VA THAO LUAN
3.1 Tonghgp than hoat tinh

Két qua khao sat anh hudng caa ty 1€ mron:msioc thé hién trén Hinh 1 cho thay
day la cac gian d6 nhiéu xa ctia vat liéu vo dinh hinh. Tuy nhién, & mau M12 va M14,
ching ta c6 thé quan sat duoc pic & khoang 20 ~ 27° dac trung cho cdu trtc cua graphite
[12] va pic nay bién mat & mau M13 va tao ra mot pic to, rong trong khoang 10 dén 30
do la do cac 16p than da duoc gian ra nén ban do rong cua pic ddc trung cua than chi
tang 1én manh. Két qua gian nd cta cac 16p than chi con thé hién ¢ hién tuong thuc
nghiém, mau M13 sau khi tdng hop xong ton tai dang huyén phit trong nudc trong khi
d6 mau M12 va M14 chim hét xudng nudc. Vi vay chting toi chon ty 18 mxon:msioc = 1:3
cho nhitng nghién cttu tiép theo.

25



Nohién civu tong hop than hoat tinh tir v6 triu va g dung trong hip phu xanh methylene

Cuong do (arb.)

1
==
=
N

T T
10 20 30 40 50 60 70 80

26 (d9)
Hinh 1. Gian &6 XRD cua AC tong hgp ¢ cac ty 1& mxon:msioc khac nhau.

Hinh 2 thé hién két qua khao sat sy anh hudng ctia nhiét dd dén qua trinh tong
hop AC. Két qua cho thdy peak dic trung cho C gian rong nhat & mau M850 va M900,
hoan toan phu hop véi hién twong thiee nghiém chi cac mau nung ¢ 850 °C va 900 °C
san phdm thu dwoc méi & dang huyén phi trong nuédc. O day chung toi da chon nhiét
d6 850 °C dé thue hién cac nghién ctiu tiép theo.
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Hinh 2. Gian d6 XRD cuia AC tong hop & cac nhiét d6 khac nhau.

AC sau khi tong hop ¢ diéu kién t0i vu duoc danh gia cac tinh chat dac trung
thong qua két qua phan tich EDX, anh SEM va két qua BET.
Bang 1. Thanh phiin phiin tram khoi lwong cdc nguyén to'trong mau VLHP (M la gid tri trung binh, SD

la ¢ 1éch chudn, N la s6'diém phdn tich)

Nguyén t6 C O Si Mg Al Ca K
M 71,89 21,48 1,65 0,92 0,41 2,93 0,71
SD 2,80 1,65 0,28 0,94 0,13 0,58 0,10
N 5 5 5 5 5 5 5

Hinh 3 va Bang 1 thé hién két qua phan tich thanh phan tram khdi lwgng cac
nguyén to trong AC vdi gid tri SD nho chiing to c6 suw phan b6 dong déu ctia cac nguyén
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t0 trong vat liéu. Tt két qua phan tich EDX cho thay ngoai thanh phan chinh la C, thi O
cting chiém mot ty 1€ rat 16n, cac nguyén t6 con lai ¢ ham luong khong dang ké. Diéu
nay giai thich tai sao AC c6 kha nang hap phu rdt 16n ion kim loai ndng cling nhu dung
dich pham nhudm, vi luong oxygen nhiéu ton tai trong AC dudi dang cac nhém chirc
sé la cac trung tam hdp phu t6t. Ngoai ra, ta ciing ¢ thé thdy ham luong Si khong dang
ké cho thdy qua trinh chiét tach SiO: thanh cong, gép phan tao nén d¢ x6p 16n cua vat
liéu.
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Hinh 3. Pho EDX cua AC.

N . b %ﬂi.

IMS-NKL 5.0kV 4.3mm x2.00k SE(M)

Hinh 4. Anh SEM cta AC.

Hinh thai cta vat liéu duoc quan sat qua anh SEM thé hién trén Hinh 4. Két qua
cho thay c6 su tao khe, 16p & VLHP nén sé tao ra do xdp 16n va tang dién tich bé mat cua
vat liéu. Biéu nay nay sé duoc chtitng minh & két qua BET.

Két qua dang nhiét hap phu va khtr hap phu N2 dwoc thé hién & Hinh 5 va Bang
2. Két qua da chiing minh rang nho phrong phap hoat héa cé hiéu qua nén da ché tao
dwoc vat liéu da mao quan ¢ cdu tric 16p va co dién tich bé mat rat cao 2118 m2.g™'. Kich
thudc mao quan dao dong trong mot khoang rat rong tir kich thudc mao quan trung
binh dén dai mao quan. Nho vay AC du doan c6 kha nang hap phu rat t6t nhitng phan
te nho ciing nhu nhiing phan ti dong hoc kich thudc nhue pham nhudm.
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Hinh 5. Dang nhiét hdp phu va giai hdp phu N2 ctia AC (a) va duwong phan bd mao quan (b)

Bang 2. Tinh chat x6p ctia AC

MSu SBET (mz.g'l) SLungmuir (mz.g'l) Dpore (nm) Vpore (cm3.g'1)

VLHP 2118 3096 3,22 0,88
3.2 Nghién ctru kha ning hap phu phim nhuém MB

Anh huong ctia nong d6 dung dich phdm nhuém ban dau dén dung lwong hap
phu MB trén AC trong khoang ttr 100 dén 300 ppm dwgc mo ta & Hinh 6:
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Hinh 6. (a) Pong hoc hdp phu ¢ cac nong d6 khac nhau; (b) M6 hinh dong hoc bac 1 tuyén tinh,
(c) M6 hinh dong hoc bac 2 tuyén tinh d6i véi sw hdp phu cua MB trén AC.

Ttr Hinh 6 nhan xét bang cach nhin truc quan ta thdy rang cac diém thuc nghiém
phan b gan voi cac duwong cia md hinh bac 2 hon md hinh bac 1. H6i qui tuyén tinh s6
liéu dong hoc theo md hinh dong hoc hdp phu bac 1 hay bac 2, két qua thu duoc trinh
bay 6 Bang 3. M6 hinh dong hoc bac hai c6 hé s& xac dinh R? cao gan bang 1 nghia 1a mo
hinh béac 2 mo ta dit liéu thuc nghiém tot hon bac 1.
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Bang 3. Két qua hoi quy tuyén tinh md hinh déng hoc bac 1 va bac 2

M6 hinh dong hoc tuyén tinh M6 hinh dong hoc tuyén tinh

bac1 bac2
Co A
Do tin cay 95,0%
(ppm)
p_
R? p-value R?
value
Doan cit
5,160 0,000 0,0034 0,000
100 truc tung 0,838 0,9997
Hé s goc -0,031 0,000 0,0016 0,000
Doan cit
5,120 0,000 0,0021 0,000
200 truc tung 0,931 0,9998
Hé s6 goc -0,004 0,000 0,0012 0,000
Doan cit
4,999 0,000 0,0014 0,000
300 truc tung 0,796 0,9998
Hé s6 goc -0,032 0,000 0,0012 0,000

K&t qua hdi qui tuyén tinh ¢ Bang 3 da khang dinh [an nita rang dit liéu hdp phu
thue nghiém ctia MB trén AC hoan toan phtt hop v6i mo hinh dong hoc tuyén tinh béac

hai véi R? déu gan bang 1, ma khong phti hop véi mo hinh bac 1 ¢ tat ca cac nong do

khao sat.

D& mo ta qua trinh hdp phu dang nhiét ctia AC ddi voi phdm nhudm MB, hai md

hinh dang nhiét Langmuir va Freundlich duoc stt dung. Két qua cho thay qua trinh hap
phu dang nhiét cia MB trén AC phit hop véi ca md hinh déng nhiét Langmuir va
Freundlich v6i dung luong hdp phu cuc dai tinh theo mo hinh Langmuir gmax=769 mg/g.

K&t qua nay rat cao so v6i nhiéu cong bo trude day thé hién trén Bang 4.
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Hinh 7. Duong dang nhiét hap phu Langmuir (a) va Freundlich (b) ctia MB trén AC

Bang 4. So sanh dung luong hap phu MB trén AC

trong nghién cttu nay vdi cac cong bs trude day

Chat hdp phu Diéntichbé Chatbihip Dunglwong hdp phu Tailiéu
mit phu (mg.g?)
(m2.g?)

rGO 300 RR195 250 [13]

C duoc diéu ché tir tre 1896 MB 454,5 [14]

C duogc diéu ché'tir vo qua - MB 200 [15]

dua hiu

C duoc diéu ché tirld du - MB 231,65 [16]

du

C dwoc diéu ché tir bitum - MB 345 [17]

AC 2118 MB 769 Nghién ctitu

nay
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D6i véi cac qua trinh hdp phu trong d6 teong tac tinh dién chiém wu thé thi pH
anh hudng nhiéu dén hiéu suat hap phu do sy thay ddi nong d6 H* (pH) dan dén thay
ddi dién tich bé mat vat liéu. Sy anh hwong ctia pH d6i véi qua trinh hdp phu MB trén
VLHP duoc thé hién ¢ Hinh 8. Két qua cho thay hiéu suat cia qua trinh hadp phu ting
khi ting pH. O day chiing ta c6 thé giai thich rang khi pH duwdi diém déng dién thi bé
mét vat liéu tich dién tich dwong, nguoc lai trén diém dang dién, bé mét vat liéu tich
dién am. Do vay pH cang cao thi lyc hut tinh dién gitta pham nhudm va vat liéu hap
phu cang t6t vi pham nhudém MB thudc loai pham nhudm cation nén qua trinh hap phu
dat hiéu sudt cang cao, hiéu suat hap phu dat gan 100% khi pH = 12.

105 4
100 + [ ]
95 o
90 +
85+ L
;\0\80 B
704
65+ [
60 o
55+
50 o
45+
40

2 3 4 5 6 7 8 9 10 1 12 13 14
pH
Hinh 8. Anh huong ctia pH dén hiéu sudt hap phu pham nhudém MB cta ctia AC

Van dé tai st dung chat hdp phu ludn ludn 1a van dé quan trong trong qua trinh
hap phu khi ting dung trong thuee t€. Cac phuwong phap tai st dung thuwong duoc dung

phd bién nhu d8t phan huy, trao ddi ion. Trong d@é tai, chung tdi sit dung hon hop
ethanol va NaOH 1M (Vetano: VNaon = 1:1) d€ giai hdp phu MB trén AC. Két qua téi st
dung dugc thé hién trén Hinh 9. Két qua cho thay dung luong hap phu giam nhung
khong dang ké sau ba Ian tai sinh.

800

Lan 1 Lan 2

Hinh 9. Tai st dung VLHP (n6ng d6 dau MB Co=200 mg.L-, V =200 ml, nhiét d6 phong, khdi
luong ctia VLHP: m = 0,03 gam, thoi gian lac: t = 24 gio)
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4. KET LUAN

Tong hop thanh cong vat liéu hap phu cd dién tich bé mat rat cao 1én dén 2118
m?/g tit nguon phé thai néng nghiép do 1a vo trdu. Than hoat tinh c6 kha nang hap phu
rdt cao doi voi pham nhudém, dung luwong hdp phu cuc dai 1én dén 769 mg/g tinh theo
mo hinh Langmuir. K&t qua nghién cttu dong hoc va dang nhiét hdp phu ctia MB trén
AC cho thay qua trinh hap phu hoan toan phu hop véi mo hinh ddng hoc bac hai tuyén
tinh. Than hoat tinh sau khi hdp phu methylene blue dwoc téi st dung dé dang bang
hén hop ethanol va NaOH 1M. Dung lugng hap phu giam khong dang ké sau ba Ian st
dung.
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SYNTHESIS OF ACTIVATED CARBON DRIVED FROM RICE HURSK
AND ITS APPLICATION TO METHYLENE BLUE ADSORPTION
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ABSTRACT

In the present paper, the activated carbon derived from rice husk and its methylene
blue adsorption is demostrated. The obtained materials were characterized by XRD,
SEM, and nitrogen adsorption/desorption isotherms. It was found that the high
purity activated carbon with high specific area has obtained. It exhibited the
excellent adsorption of methylene blue in aqueous solution. This material is

expected as a promising adsorbent for wastewater treatments.

Keywords: Activated carbon, adsorption, methylene blue.
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Vo6 Thi Thanh Chau nhan bf?mg tién si vao nam 2017. Hién tai ba dang
cong tac tai truong Trung hoc pho thong Tran Qudc Tudn, thanh phd
Quang Ngai.

Linh viec nghién ciru: vat liéu mao quan trung binh (MOFs) va tiing dung

hap phu va xuc tac.

Tran Si Thanh hién tai la nghién ctru sinh chuyén nganh Hoa ly thuyét
va Hoa ly tai truong Dai hoc Khoa hoc, Pai hoc Hué. Hién 6ng dang cong

tac tai S¢ gido duc va Pao tao tinh Bak Nong.

Linh vwc nghién citu: vatliéu tién tién tng dung trong xuc tac va cam bién

dién hoa.

Nguyén Hoang Tuén sinh tai Quang Ngai. Ong tot nghiép ctr nhan Su
pham Hda hoc tai Pai hoc Su pham, Pai hoc Hué€ nam 2019. Hién nay,
ong dang la hoc vién cao hoc chuyén nganh Hoéa ly - Héa ly thuyét tai
truong Pai hoc Khoa hoc, Dai hoc Hué.

Linh viec nghién civu: tong hop vat liéu ferrite trén nén carbon hoat tinh

tng dung phan tich dién hda.

Lé Quang Tién Thinh la sinh vién ctia truong Dai hoc Khoa hoc, PH

Hué.

Linh viec nghién ciru: tong hop TiO2/g-CsNs lam xtc tdc quang hda dung
anh sang kha kién.

Truwong Trung Kién t6t nghiép c* nhan hoa hoc nam 1995 tai Truong
DPai Hoc Tong Hop Hué (nay la Truong Dai hoc Khoa hoc - Dai hoc Hué)
va tot nghiép thac si Khoa hoc Méi treong nam 2014 tai Treong Dai Hoc
Khoa hoc - Dai hoc Hué. Hién 6ng cdng tac tai Chi cuc Bao vé Mbi

treong, SO Tai nguyén va Mai truong tinh Quang Tri.

Linh viec nghién ciru: Quan ly va ki€m soat 6 nhiém moi treong; Quan trac

va danh gia chat lwong moi truong.
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Pham Khic Liéu sinh ndm 1965 tai Thita Thién Hué. Ong t5t nghiép Cit
nhan Hoéa hoc ndm 1987 tai Truwong Dai hoc Téng hop Hu€ (nay la
Truong Pai hoc Khoa hoc, Dai hoc Hué); Thac si nganh Ky thuat Moi
truong nam 1997 tai Vién Cong nghé Chau A (Thai Lan) va Tién si nganh
Khoa hoc Méi trieong nam 2006 tai Pai hoc Kumamoto (Nhat Ban). f)ng
duoc bd nhiém Phé Gido su ndm 2016. Ong da timng giang day tai Truong

Dai hoc Pai hoc Khoa hoc, Dai hoc Hué va hién cong tac tai Dai hoc Hué.
Linh viec nghién ciru: Héa hoc moi trieong, Xt ly niede va niedce thai, Quan
ly chat thai ran.

binh Quang Khiéu duoc phong hoc ham gido sw ndm 2019. Hién ong
ong tac tai Trueong Dai hoc Khoa hoc, Dai hoc Hué.

Linh viec nghién civu: vat liéu tién tién va tng dung trong xtc tac, hap phu

va cam bién.
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