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Tém tit

Vit liéu carbon tir tinh ¢6 kha nang xu Iy hiéu qua nguon nwée 6 nhiém arsenic da dwoc tong hop thanh
cong tir nguyén liéu ban dau la: nguon thai rom ra, FeCl »va KOH bang phwong phdp carbon héa thity nhiét
o nhiét do thap. Tinh chat dac trung cua san pham dwoc danh gia boi cac phuwong phap: XRD, SEM, EDX,
FT-IR, BET va VSM. Két qud cho thcfy, vat liéu thu duwoc c6 dién tich bé mat riéng kha cao (171 m’/g) va
do tir héa lom (33 emu/g). Qud trinh hap phu As(V) trong dung dich nwdc diroc mé td tot boi mé hinh déng
hoc biéu kién bdc hai va phit hop véi ca mé hinh dang nhiét Langmuir va Freundlich. Véi nong dé ban dau
la 400 ug. L, ham lwong arsenic trong nueée sau khi xir Iy thap hon gidi han cho phép trong nuée uong (10
ug/L) theo quy dinh cua T 6 chirc Y té Thé gioi (WHO). Nhr vy, vat liéu carbon tr tinh thu diroc co hiéu
qua xit Iy ion As(V) trong muede tot, chi phi thdp, dé thu hoi boi nguon tir truong ngodi, hira hen tré thanh
chat hdp phu tiém nang xir Iy nguon mede 6 nhiém arsenic.

Tir khoa: Carbon hoa thuy nhiét (HTC), rom ra, xir ly arsenic.
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Abstract

Magnetic carbon material has been successfully synthesized from rice straw, FeCl, and KOH by
hydrothermal carbonization method at low temperature. Batch studies were conducted to examine the
adsorption kinetics and adsorption capacity of magnetic carbon material (MC) for As(V). The obtained
materials were characterized using XRD, SEM, EDX, FT-IR, BET, and VSM. It shows that the obtained
materials have high specific surface area (171 m*/g) and magnetization (33 emu/g). The pseudo-second order
rate equation was found to describe better the kinetics of arsenic adsorption than the pseudo-first order.
Although the two models both describe the experimental data well, the isotherm data for As(V) removal fitted
better with the Langmuir equation compared with the Freundlich model. With an initial arsenic concentration
of 400 ug.L”", the content after adsorption treatment was lower than the allowable arsenic limit in drinking
water (10 ug/L) as prescribed by the World Health Organization (WHQO). Therefore, the sample had a high
surface area, magnetic properties and removal of arsenic ion from aqueous solution, appearing to be a
potential adsorbent.
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1. Gidi thiéu

Arsenic 12 mot chat cyc doc da duge ching minh
1a nhan t6 gay ra rat nhiéu cin bénh nguy hiém cho
con ngudi trén toan thé gisi. O Viét Nam, ngudn nude
giéng khoan cua céc tinh Pong bang séng Hong nhu:
Ha Nam, Nam Dinh, Ha Tay, Hung Yén, Hai Duong
va Ddng biang séng Ciru Long nhu: An Giang, Pong
Thap déu bi nhiém arsenic rat cao, vuot xa gi¢i han
cho phép cua WHO 1a 10 pg/L (Nguyen va Itoi, 2009).

Hi¢n nay, co rét nhiéu phuong phap dé xir ly
arsenic nhu: hép phu, két tua, trao doi ion, loc qua
mang. Mdi phuong phap déu ¢6 vu diém va han ché
riéng nhung nhin chung chiing van chua thé dap ing
dugc yéu cau, do ¢6 chi phi vdn hanh va bao tri cao
hodc c6 thé tao ra lugng cén lon. Do do, viéc sir dung
cac phu phé phdm néng nghiép nhur than g, trau, mun
cua, vo chudi, vo cam, rom, bun thai bot, 1ong ga,
chitosan. .. 1am chét hap phuy gi4 ré, than thién v6i méi
truong dugc nghién ciru rong rai dé loai bo cac loai
chét 6 nhiém khac nhau (Asere va cs., 2017; Besharati
va cs., 2019; Wang va cs., 2015). Hon nira, viéc tur
hoa vat lidu chira carbon c6 ngudn gbe biomass bing
phuong phap thuy nhiét 1a mot phuong phap dang
duoc quan tdm nhiéu boi san pham c6 kha ning hap
phu tt, chi phi thip va cé thé dé dang loai bo khoi
cac dung dich bang thiét bi tach tir (Ai vd cs., 2011;
Guo vd cs., 2018; Liu va cs., 2014; Tu va cs., 2017).

Rom ra 1a mot loai lignocellulose chira carbon
dbi dao, ré tién ¢ nude ta. Gidng voi cic ngudn
biomass khéc, thanh phan cua lignocellulose trong
rom ra bao gdbm cellulose, hemicellulose va lignin
(Rangabhashiyam va Balasubramanian, 2019). Trong
nganh cong nghiép gidy, biomass thuong duoc xur 1y
kiém trudc dé loai bo lignin. Cong doan nay thai ra
mot luong 16n dung dich den chira thanh phan chinh
1 lignin, ¢o thé dugc nghién ciru sir dung lam nhién
liéu, san xuét hoa chét va vat lidu chtra carbon (Zhu
vd cs., 2017). Trong bai bdo nay, ching tdi tién hanh
ddng thoi carbon héa va tir hoa rom ra bing KOH va
FeCl, bing phuong phép thiy nhiét va dénh gié kha
nang hap phu As(V) trong nudc trén vat liéu carbon
tur tinh thu duoc.

2. Thye nghiém

2.1. Nguyén liéu va héa chét

Ngudn nguyén liéu rom ra dugc ly tai dong
rudng huyén Cao Lanh, tinh Bf“)ng Thap, Viét Nam.
Sau khi thu vé dugc rira sach va sy kho ¢ 105°C

trong 24 gio. Rom kho sau do dugc nghién min va
ray, v&i kich thudce 16 ray 1a 250 pm.

Céac hoa chat duge sir dung trong thuc nghiém
gom: KOH, FeCl,.6H,0, NaOH va HC déu cua hang
Xilong, Trung Quoc. Dung dich géc H,AsO, nong do
1000 mg/1 As cia hang Merck, Drrc.

2.2. Piéu ché carbon tir tinh

Péu tién, 1y 5 g rom (RS) tron véi 50 ml dung
dich KOH 5%. Chuyén toan by hdn hgp vao autoclave
c6 thé tich 100 ml rdi dit trong ti sdy. Qua trinh thiy
nhiét duoc thyc hién ¢ nhiét do 120°C trong 4 gio.
pé ngudi, loc bo can thu duge dung dich chiét xuét
lignin hoa tan trong KOH. Tiép theo, nhé tir tir 20
ml dung dich chira 0,025 mol FeCl, vao 50 ml dung
dich chiet xuat trén va khuay deu trong 1 gi¢. Sau
do, chuyén toan b hon hgp vao autoclave c6 thé tich
100 ml. Qua trinh carbon hoa thiy nhiét dugc thuc
hién ¢ nhiét do 180°C trong 14 gid. Bé ngudi, roi loc
rira két tia nhiéu lan bang nudc cat dén khi dat moi
trrong trung tinh. Cudi cung, siy khé ¢ 40°C trong
12 gio thu duogc vat liéu carbon tir tinh (MC).

2.3. Phuong phap dic trung vit liéu

Gian dd nhidu xa tia X (XRD) ciia miu MC dugc
ghi trén nhiéu xa ké tia X D8 Advance - Bruker, véi
tia CuKo ¢6 A = 0,154056 nm. Anh hién vi dién tir
quét SEM dugce chup trén thiét bi S4800 - Hitachi va
anh TEM duoc chup trén thiét bi JEM1010 - JEOL.
Pho tan sic ning luong tia X (EDX) ctia mau bot MC
dugc ghi trén thiét bi JED-2300 Analysis Station. Pho
FT-IR dugc ghi boi thiét bi Tensor 11 - Bruker trén nén
KBr. Dién tich bé mat riéng dugc xac dinh bé’mg cach
chup BET trén thiét bi Quantachrome NovaWin. Do
tir hoa VSM duge do trén thiét bi VSM 7307 - Lake
Shore. Néng do As(V) con lai trong dich loc dugce xac
dinh trén thiét bi Thermo Scientific iCAP Q ICP-MS.

2.4. Panh gia sy hip phu

2.4.1. Thue nghiém hép phu

Cho 0,1 g MC vao trong 100 mL dung dich
chira ion As(V) ¢ ndng d6 va pH xéc dinh. Khudy
tron huyén phu 1éng cho dén khi su hép phu dat can
bang. Vit liéu hip phu sau d6 dugc loc tach va do
néng dd As(V) con lai trong dich loc. Hi¢u suit loai
bo ion As(V), H(%) tai thoi diém t, duge tinh theo
phuong trinh (1) (Dallel va cs., 2018).

x100. (1)

oy = L)
C

"o
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i Trong do C, (‘ug/L) l1a néng do cua As(V) aban
dau, C (pg/L) 1a nong do cua As(V) tai thoi diem ¢
(phat). Dung lugng hap phu tai thoi diém ¢, q,(ug/g),
dugc tinh theo phuong trinh (2) (Dallel va cs., 2018).

C,-C)xV
g = 2 @

m
Trong d6 V' (L) la thé tich dung dich va m (g)
1a lugng chat hap phu. Dung lugng hip phu tai cin
bang, q, (ug/g), dugc tinh toan boi phuong trinh (3)
(Dallel va cs., 2018):

g, <SGk 3)

m

Trong do C, 1a ndng do ion As(V) tai cin bang.

2.4.2. pH dung dich ban dau

Thi nghiém dugce tién hanh bang cach cho 0,1
g chéit hip phu vao trong 100 mL dung dich chira
As(V) & nong d6 600 pg/L va khudy tron trong 120
phat. pH dung dich chira ion kim loai duoc thay doi
(bang cac dung dich HC1 0,1 M va NaOH 0,1 M) &
cac gia tri khac nhau: 3; 5; 7 va 9.

2.4.3. Thoi gian tiép xiic va dong hoc hdap phu

Thoi gian cdn bing cho su hip phu As(V)
dugc xac dinh théng qua nghién ciru déng hoc trong
khoang thoi gian tir 0 - 150 phit & céc diéu kién nhu
sau: nong dé ban dau 1a 400; 600 va 800 pg/L; pH
dung dich = 5; qué trinh hip phu dugc giir ding nhiét
tai 30°C. Hai m6 hinh dong hoc biéu kién bac mot/
bac hai duoc sir dung dé hiéu thém vé dic tinh cua
qué trinh hap phu nhu duoc cho lan luot theo phuong
trinh (4) va (5) nhu sau (Shahawy va Heikal, 2018):

In(qg, —q,) = Ing, + ki, (4)
t t 1

—i=i— ; (5)
a9 4. k.q

Trong do, g, (ng/g) vag, (n g/e) lan luot 1a dung
luong hap phu tai thoi diém can bang va tai thoi diém
Lk, la hing s6 toc do biéu kién bac mot (phut') va
k, 1a hing s toc do biéu kién bic hai (g/(ng.phut)).

2.4.4. Nong do As(V) ban dau va dang nhiét
hap phu

Quy trinh thuc nghiém khao sat dang nhiét hip
phu tuong ty nhu quy trinh thyc nghiém khao sat

48

dong hoc hap phu. Sau khoang thai gian 120 phut
tiép xuc giita cac ion kim loai (nong do thay doi tir
400 - 1200 pg/L) va bot MC, dich long dugce tach ra
va do lai ndng tuwong ty nhu trén. Hai mé hinh dang
nhiét hip phu Langmuir va Freundlich dugc sir dung
dé phan tich dit lidu hap phu cén bang Puong dang
nhiét Langmuir c6 thé dugc mé ta boi phuong trinh
(6) nhu sau (Hanh va cs., 2019):

| 1 1
= —— (6)
4 4n 90K, C,

Trong d6 C, (ug/L) 1a nong dd can bang cua
As(V) trong dung dich; ¢ (ug/g)1a dung lugng hap
phu cuc dai don 16p cua chét hip phu; K, (L/pg) la
hang s6 Langmuir lién quan dén ndng lugng hap phu.

Hon nira, dang ctia duong dang nhiét & trén ciing
c6 thé dugc biéu thi dudi dang hé s6 tach R, , duge dua
ra trong phuong trinh (7) nhu sau (Hanh va cs., 2019):

1

R = ———. 7
Y1+ K,C, W

Gia tri R, cho thay sy hap phu la thuan lgi khi
0 <R, <1, khong thuén lgi khi R, > 1, tuyén tinh khi
R, = 1 va thuan nghich khi R, = 0.

M6 hinh déng nhiét Freundlich duoc cho boi
phuong trinh (8) nhu sau (Hanh va cs., 2019):

lgq, = 1gK, +(1/n,)1gC,. (8)

Trong do K, (ug/g.(L/ug)'™) van la cac hing
s0 Freundlich lién quan tuwong tng dén dung lugng
hap phu va cudng do hap phu. Dj 16n caa n cho biét
mirc do thuan loi cia qua trinh va khi n > 1 thé hién
sur hép phu la thuan loi.

3. Két qua va thao ludn

3.1. Mt s6 dic trung cia vat liéu

Gian @6 XRD ctia mau MC (Hinh 1) cho thay
xuit hién cac pic dic trung clia cac pha sit oxide co
tr tinh 12 magnetite Fe O, (20 = 30,6; 33,6; 35,8;
43,5°) va maghemite y-Fe O, (26 = 35,8; 53,0°). K&t
qua nay phu hop véi mét s6 cong trinh nghién ctiu
trude day (Ai va cs., 2011; Guo va cs., 2018; Liu va
cs.,2014; Tuva cs., 2017). Nhu viy, trong qua trinh
Xt 1y nhiét, cac ion Fe** duge thém vao da bi khir mét
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phin thanh céc ion Fe?' va tiép tuc dugc chuyén déi
thanh Fe O, (Ai va cs., 2011).
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Hinh 1. Gidn dd XRD ciia miu MC

Phé chup EDX ciia mau MC ¢ Hinh 2 cho thiy,
vat liéu carbon tir tinh diéu ché dugc ¢6 thanh phﬁn
chinh gdm cac nguyén t6 C (21,71% khdi luong),
O (49,39% khoi lugng), Fe (21,18% khoi luong) va
¢6 1an mot it cac nguyén to Si (7,73% khdi lugng).
Diéu nay co thé 1a do nguon rom ban dau co6 chira
nguyén t6 nay.

Element Weight% Atomic%
21,1 32,57
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1,73
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100,00

Hinh 2. Phé EDX va thanh phén cac nguyén tb
trong mau MC
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Hinh 3. Phd FT-IR ciia miu RS va MC

Phé FT-IR cua hai mau RS va MC duoc dua ra
& Hinh 3. Tir Hinh 3 cho thiy, miu RS xuit hién cac
dai hap thu tai 1423,9; 1381,6 va 1321,9 cm™ 1a viing
dau vén tay ciia cac thanh phan chinh trong rom ra
tuwong ung la lignin (dgo dong bién dang -O-CH,),
cellulose (dao dong bién dang -CH), hemicellulose
(dao dong hoa tri C-O) (Tu va cs., 2017). Trong khi
do, phd FT-IR ctia mau MC chi c6 pic tai 1407,7 cm’!
dic trung ctia khoang lignin, chimg to rang trong dung
dich nuée den chira thanh phan chinh 1a lignin. Ngoai
ra, duong cong FT-IR ciia mau MC quan sat thiy co
pic moi xuét hién tai sb song 592,2 cm™. Theo cac
cong trinh (Dai va cs., 2017; Guo va cs., 2018; Liu
va cs., 2014; Tu va cs., 2017), diy la dic trung cua
dao dong hoa tri Fe-O, chirng té c6 hinh thanh cac
pha sit oxide. Cac viing dao dong con lai duge ghi
nhén trén ca hai duong cong phé) déu 1a cac pic dac
trung ctia vat liéu ngudn gdc biomass gom 3423-3440
cm! (dao dong hoa tri -OH), 2919-2926 ¢cm™' (dao
dong hoéa tri -CH,), 1624-1638 cm™ (dao dong hoa
tri C=0), 1020-1097 cm™! (dao dong hoa tri Si-O-Si)
va471-449 cm™ (dao dong hoa tri Si-O) (Guo va cs.,
2018; Rattanachueskul va cs., 2017; Tuva cs., 2017;
Wu va cs., 2014).
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Hinh 4. Dwong cong tir héa va kha ning thu hdi bing
nam chim cia miu MC

Puong cong tir cia miu MC trén Hinh 4 cho
thdy d6 tir hoa dat khoang 33 emu/g, trong duong véi
mdt s6 bao cao (Bao va cs., 2014; Tu va cs., 2017,
Zhang va ¢s., 2013). Diéu nay cho thay vat liéu carbon
tir tinh MC c6 thé thu hdi sau khi hép phu bang cach
sir dung tir trudng ngoai. Anh TEM va SEM cua mau
MC duogc dua ra ¢ Hinh 5. Ttr anh TEM nhén théy,
mAau MC thu dugc gdm céc hat sét oxide c6 kich thudc
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khoang 100-200 nm, dugc bao phu bdi 16p than bén
ngoai. Két hop két qua tir anh SEM thay ring san
pham than tir ¢6 cdu tric tuong ddi xdp, phit hop voi
dién tich bé mat riéng BET cua vat liéu duge xac dinh
1a 171 m¥g. Két qua BET nay cao hon so voi mot s6
cong trinh da cong bd (Bao v cs., 2014; Wu vd cs.,
2014). Pay la dic diém quan trong giup cho vat licu
than tir tinh c6 ddc tinh hap phuy tdt.

iR

Hinh 5. Anh TEM (tri) va SEM (phai) ciia miu MC

3.2. Két qua khio sat sw hip phu

3.2.1. Anh hucng ciia pH dén sw hap phu

Do pH cia dung dich anh huong rat 16n dén quéa
trinh hap phu do no xac dinh dién tich bé mit cua
chat hap phu va trang thai cta chat bi hap phu trong
dung dich. Anh huéng cua pH (3, 5, 7 va 9) d6i véi
su hip phu As(V) trén MC da dugc nghién ciru, két
qud nhu dugc trinh bay trong Hinh 6.
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Hinh 6. Anh huéng ciia pH dung dich dén hi¢u suat
hap phu As(V) trén MC
Hinh 6 cho thay, hi¢u suit hap phu As(V) ting
nhe tir 92,01% dén 93,65% khi tang gia tri pH tir 3
dén 5. Hiéu suat hap phy As(V) giam khi ting pH > 5
tuong img véi cac gia tri 1an luot 12 89,61% va 81,92%
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tai pH 7 va pH 9. Theo cac cong trinh (Sharma va
cs., 2010; Yao va cs., 2014), két qua nay la do trong
moi tm(')’ng acid, cac hat sit ton tai dang Fe(OH),"
va As(V) ton tai dang H ,AsO,, vi vy su tuong tac
hitt gitta bé mit MC tlch dlen duong vo1 cac anion
H AsO,, dan dén hiéu qua hap phu cao va dat gia tri
cuc dai tai pH 5. Trong khi d6, & méi trueong kiém,
cac hat sat ton tai dang Fe(OH) : va As(V) ton tai dang
HAsO,* va AsO > Lic nay, cd bé mat MC 1an As(V)
déu tlch dién 4m lam can tré qua trinh hip phu nén
hiéu suét loai bo giam dan khi pH > 5. Do d0, trong
qua trinh nghién ctru ching t6i lya chon pH =5 la
diéu kién thich hop dé tién hanh khao sat.

3.2.2. Anh huong cia thoi gian tiép xiic va déng
hoc hci'p phu

Anh hudng cua thoi gian tiép xac dén dung
lwong hap phu As(V) trén MC & cac ndng do khac
nhau: 400; 600 va 800 ug/L trong khoang thoi gian
thay déi tir 0 - 150 phat nhu duge thé hién trong Hinh
7. Két qua cho thiy, hiéu suat hap phu dién ra nhanh
va manh trong khoang 15 phut déu, sy hap phu sau do
trd nén cham va gan nhu dat can bang sau khoang 90
phut tiép xtic. Hién tuong nay c6 thé duoc giai thich
boi thue té mot lugng 16n céc vi tri hip phu con trong
da ¢6 sin cho sy he”ip phu As trong giai doan dau va
cac vi tri hép phu sau do tr¢ nén bao hoa, hon nita c6
su tuong tac déy gitra cac ion bi hap phu trén bé mat
va cac ion con lai trong dung dich (Mostafapour va
cs., 2013; Yao va cs., 2014). Pé dam bao can bﬁng
hap phu duge thiét 1ap hoan toan, chung téi chon thoi
gian tiép xuc toi wu 1a 120 phut va giir ¢é dinh cho
cac thi nghiém tiép theo.
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Hinh 7. Anh hwéng ciia thoi gian tiép xic dén dung
Iwgng hap phu As(V)
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Hinh 8. M6 hinh ddng hoc biéu kién bic mdt (a) va béc hai (b) ciia qua trinh hip phu ion As(V)
trén vét liéu carbon tir tinh MC

Cac mé hinh dong hoc biéu kién bac mot va
dong hoc biéu kién bac hai duoc khop véi céc dir
liéu ddng hoc hép phu As(V) trén MC nhu dugce
trinh bay trong Hinh 8. Cac thong s6 dong hoc, hé
s6 twong quan (R?) xac dinh duoc tir hai mé hinh
nay dugc liét ké trong Bang 1. Két qua cho thay riang
hoi quy tuyén tinh cua sy hap phu As(V) trén MC
theo md hinh déng hoc biéu kién béc hai phi hop
tdt vai cac dir liéu thuce nghiém. Céc gia tri R* theo
mo hinh dgng hoc biéu kién bac hai tai cac néng do
déu cao hon so voi R? tinh toan duoc theo md hinh
ddng hoc biéu kién bac mot. Hon nira, vé su phu
hop gitra cac gia tri g, tinh toan duoc tir cac md
hinh va cac gia tri g, theo thuc nghiém da cho
thdy mé hinh dong hoc bleu kién béc hai c6 dit liéu

dong hoc phu hop tét hon so véi mé hinh dong hoc
biéu kién bac mot.

Dong hoc hip phu As(V) trén MC phu hop t6t
v6i mo hinh dong hoc biéu kién bac hai hon so véi
mo hinh dong hoc biéu kién bac mét ciing da duoc
bao cdo ¢ cac nghién clru (Hanh va cs., 2019; Yao
va cs., 2014). Sy phu hop hon véi mé hinh dong hoc
biéu kién béc hai cho théy tdc do hép phu phu thuge
nhiéu hon vao sy sin ¢ cta cac vi tri hip phu trén bé
mat vét liéu hon 12 ndng do cta cac ion As(V) trong
dung dich. Hg 56 toc d0 k, ciia md hinh dong hoc biéu
kién béc hai c6 xu huong giam khi ting ndng do ion
As(V) ban dau. Piéu nay la do co su canh tranh lom
hon dbi véi vi tri hap phu khi cac ion As(V) & nong
d6 ban dau cao hon.

Bang 1. Céc thong s6 cho dong hoc hip phu As(V) trén MC

Mo hinh déng hoc béc 1

Mo hinh dong hoc béc 2

Cﬂ qu,ex 1]

kl 9o car 3 ron 9 can 2

(ng/l) (ng/e) ohit)  (z.g) R ky (107 g.(ng.phit)’) G R
400 394,78 00750 78337  0,9437 0,229 434,78  0,9982
600 562,30 0,0631 91535  0,9501 0,132 62500  0,9980
800 61320 00577 910,05  0,9556 0,119 666,67  0,9984

3.2.3. Anh hwong ciia nong dj As(V) ban dau
va dang nhiét hap phu

Két qua khao sat yéu to anh hudng cua néng do
As(V) ban dau dén kha nang hap phu cia MC duoc
trinh bay trong Hinh 9. Tir Hinh 9 cho théy, dung lwong
hap phu As(V) trén MC ting manh trong khoang nong
d6 tir 400 - 600 pg/L. Néu tiép tuc ting nong do ion
kim loai > 600 ug/L, dung lugng hap phy tuy ¢6 ting

nhung mirc do thay ddi khong dang ké. Dung luong
hép phu As(V) dat gié tri 16n nhét 14 647,10 pg/L tai
nong do du 1200 pg/L Su gia tang dung lugng hap
phu 6 thé do & ndng do As(V) cao hon di tao diéu
kién cho tat ca cac tim hap phu c6 sin trén bé mit tham
gia vao hoat dong hip phu, Iuc truyén khdi 16n hon va
ting sO lwong va cham giita cac As(V) va MC (Asere
va cs., 2017; Mostafapour va cs., 2013).

il
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Hinh 9. Anh huéng cia nong dg As(V) ban dau
dén dung lwgng hap phu va hiéu suat hap phu As
trén MC

Ddng thoi, trong Hinh 9 ciing cho thy hiéu sut
hap phu As(V) trén MC giam lan lugt tir 98,69% dén
53,93% khi ting ndng d6 As(V) ban dau twong tmg tir
400 dén 1200 pg/L. Viéc giam hiéu suit hap phu co
thé do sb lugng cac tdm hoat dong co san trén bé mit
MC giam ciing v&i su gia ting ndng dd As(V) ban dau
(Asere vd cs., 2017; Mostafapour va cs., 2013). biéu
quan trong 1a khi ndng dd As(V) ban dau 14 400 pg/L,
v&i higu suat loai bo 1a 98,69%, thi nong do As(V)

T
400

con lai sau qua trinh hép phu la 5,25 ng/L. Nhu vay,
vi nong do ban dau 1a 400 pg/L, ham lugng arsenic
trong nudc sau khi xir 1y thap hon gidi han cho phép
trong nude udng (10 pg/L) theo quy dinh cta T6 chire
Y té Thé gi¢i (WHO).

Cac mo6 hinh hép phu drfmg nhiét Langmuir va
Freundlich da dugc sir dung dé danh gia dir liéu can
bing hip phu. Két qua nhu duwge mé ta & Hinh 10
va cic dit liéu thue nghiém thu duge duoce tom tit
trong Bang 2.

0,0026 4 Langmuir Freundlich
0,0024 -
0,0022 -

@
(=2

=

-

0,0020 |

0,0018 |

y =0,1032x + 2,5464
R?=0,9173

y = 0,005x + 0,0016

0,0016 -|
r R?=0,9885

260 o

0,0014
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1rc, IgC,

Hinh 10. a) Puong ding nhiét Langmuir; b) Pwong
diing nhiét Freundlich cho su hip phu As(V) trén vit
liéu carbon tir tinh

Bang 2. Ciac thong sb diang nhiét cho sy hiap phu As(V) trén MC

Mo hinh Langmuir Mo hinh Freundlich
(ftg7é) s K R R K, (ng/g.(L/pg)'™) n R
(hg’g)  (Lng) } ' ’
552.9 625,0 0,32 0,0026 0,9885 351,88 9,69 09173

Bing 3. So sanh dung lwong héip phu As(V) trén
MC véi mdt sé chit hip phu khac

Dung lugng

Chit hé'ip phu hé]()qph:_l :;; )dE_li thzﬁ lli?ll:io
‘Carbon tir tinh 625 Nghién ciru néyi
Biochar gb tiing 265 [Wﬂzngl*-;c; B,
Biochar tir tinh 429 [Waélgl‘;? cs.,
Chitosan 710 [Aszrgl\iﬁ cs.,

Tir Hinh 10 va Bang 2 c6 thé nhan théy, ca hai
dudng dang nhiét Langmuir va Freundlich déu c6 hé
sd twong quan R? 16n, tuong tmg 14 0,9885 va 0,9173,
ching t6 hai md hinh trén déu pht hop véi qua trinh
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hap phu ding nhiét As(V) trén MC. Tuy nhién, mo
hinh Langmuir pht hop so v4i duong ding nhiét
Freundlich, v&i cac hé sb twong quan R? cao hon.
Giatrin,=9,6916n hon 1 vaR, =0,0026 nam trong
khoang tir 0 va 1, chimg to ring sy hap phu As(V) trén
MC dién ra thuan lgi. Két qua nay phi hgp véi mot s6
cdng trinh nghién ciru déng hoc hap phu As(V) trén
vat liéu co nguén géc biomass (Chen va cs., 2007,
Hanh va cs., 2019; Wang va cs., 2015).

Tu su so sanh gia tri g v6i céac chat hap phu
da duge bao cao khac (liét ké trong Bang 3), c6 thé
théy rang hidu qua hap phu ctia vat lidu carbon tir tinh
c6 ngudn gde tir rom ra trong nghién ciru nay tuong
dwong hodc ¢6 phan tét hon so véi mot sb chat hap
phu tir ngudn biomass khac. Nhu vay, bang phuong
phap diéu ché don gian va nguyén liéu ré tién, co thé
didu ché dugc vit liéu carbon tir tinh hap phu As(V)
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tét, d2 thu hdi b.%mg tir treong ngoai, hira hen mét
dong vat lidu hiéu qua kinh té cao trong xtr Iy méi
truong nudce 6 nhiém.

4. Két luan

Pi diéu ché thanh cong vat liéu carbon tir tinh
va danh gia dugce kha niang hap phu xir Iy As(V)
trong dung dich nude. San phdm c6 dién tich bé mit
riéng va dg tir hoa kha cao. Phan tich cac mé hinh
d6ng hoc cho sy hip phu As(V) chi ra ring dir liéu
thyc nghiém duge moé ta tot boi mo hinh dong hoc
biéu kién bac hai. Panh gi4 ding nhiét hip phu cho
thay can bang hap phu As(V) phu hop v6i ca mo
hinh Langmuir va Freundlich. Dung luong hap phu
cuc dai tinh toan duoc 1a 625 pg/g. Ngoai ra, nghién
ctru ciing cho thiy pH ctia dung dich ¢6 anh huong
manh dén hiéu qua hip phu va pH = 5 1a thich hop
cho sy hdp phu. Tai gia tri pH nay, véi nong do ban
dau 1a 400 pg/L, ham luong As(V) trong nudc sau
khi xir Iy thap hon giéi han arsenic cho phép trong
nuédc udng theo quy dinh cia WHO. Két qua cho
thdy vit liéu hap phy carbon tir tinh trén co s& phé
pham néng nghiép rom ra 6 tiém nang trong mg
dung xtr Iy nude 6 nhiém arsenic.
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