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Tém tit

Vit liéu carbon tir tinh ¢6 kha nang xir Iy hiéu qua nguon nuée 6 nhiém arsenic da dwoc tong hop thanh

cong tir nguyén liéu ban dau la: nguon thai rom ra, FeCl » va KOH bang phirong phép carbon héa thiy nhiét
& nhiét dé thap. Tinh chat déc trung cia san pham dwoc danh gid boi cdc phwong phdp: XRD, SEM, EDX,
FT-IR, BET va VSM. Két qud cho thdy, vit liéu thu dwoc cé dién tich bé mdt riéng khd cao (171 m*/g) va
dé tir héa 16m (33 emu/g). Qud trinh hap phu As(V) trong dung dich nuwée dwoc mé ta tot boi mé hinh dong

hoc biéu kién béc 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 niede sau khi xir Iy thip hon gidi han cho phép trong nude uong (10
ug/L) theo quy dinh ciia Té chirc Y té Thé gioi (WHO). Nhur vay, vit liéu carbon tir tinh thu dioc c6 hiéu
qua xit Iy ion As(V) trong nuede tot, chi phi thdp, dé thu hoi béi nguon tir trieong ngodi, hira hen tré thanh
chdt hdp phu tiém ndng xir Iy nguon nwée é nhiém 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.

Keywords: Hydrothermal carbonization, rice straw, removal of arsenic.
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1. Giéi thiéu

Arsenic 1amot chit cuc doc da duoc chirng minh
1a nhan t§ gay ra rat nhiéu cin bénh nguy hiém cho
con nguoi trén toan thé gidi. O Viét Nam, ngudn nudc
giéng khoan ctia cac tinh Pong bang séng Hong nhur:
Ha Nam, Nam Dinh, Ha Tay, Hung Yén, Hai Duong
va Dong bang song Ciru Long nhu: An Giang, Pdng
Thap déu bi nhiém arsenic rat cao, vuot xa gidi han
cho phép cua WHO 1a 10 pg/L (Nguyen & Itoi, 2009).

Hién nay, c6 rat nhiéu phuong phap dé xir ly
arsenic nhu: hép phu, két tua, trao ddi ion, loc qua
mang. M&i phuong phéap déu c6 wu diém va han ché
riéng nhung nhin chung chiing van chua thé dap tmg
duoc yéu cau, do co chi phi van hanh va bao tri cao
hodc ¢6 thé tao ra lugng can 16n. Do do6, viéc str dung
céc phu phé pham néng nghiép nhu than gd, trdu, mun
cua, vo chudi, vo cam, rom, bun thai bot, long ga,
chitosan. .. 1am chat hap phu gia ré, than thién véi moi
truong dwoc nghién ctru rong rai dé loai bo cac loai
chat 6 nhiém khac nhau (Asere & cs., 2017; Besharati
& cs., 2019; Wang & cs., 2015). Hon nira, viéc tu
hoa vt ligu chira carbon c6 ngudn gdc biomass bang
phuong phap thiy nhiét 1a mot phuong phap dang
dugc quan tim nhiéu boi san pham c6 kha nang hap
phu tét, chi phi thap va c6 thé dé dang loai bo khoi
céc dung dich bang thiét bi tach tir (Ai & cs., 2011;
Guo & cs., 2018; Liu & cs., 2014; Tu & cs., 2017).

Rom ra 1a mét loai lignocellulose chira carbon
ddi dao, ré tién ¢ nude ta. Gidng véi cac ngudn
biomass khac, thanh phéan cua lignocellulose trong
rom ra bao g6m cellulose, hemicellulose va lignin
(Rangabhashiyam & Balasubramanian, 2019). Trong
nganh cong nghiép gidy, biomass thuong duoc xir Iy
kiém trudc dé loai bo lignin. Cong doan nay thai ra
mot lwong 16n dung dich den chira thanh phan chinh
1a lignin, c6 thé dugc nghién ctru sir dung lam nhién
liéu, san xuat hoa chat va vat liéu chira carbon (Zhu
& cs., 2017). Trong bai bao nay, chung t6i tién hanh
dong thoi carbon hoa va tir hoa rom ra bang KOH va
FeCl, bang phuong phép thily nhiét va danh gia kha
nang hap phu As(V) trong nudc trén vat li¢u carbon
tir tinh thu duoc.

2. Thue nghiém

2.1. Nguyén li¢u va héa chit

Ngudn nguyén liéu rom ra duoc lay tai dong
rudng huyén Cao Lanh, tinh Béng Thap, Viét Nam.
Sau khi thu vé dugc rira sach va sdy khoé & 105°C

trong 24 gid. Rom kho sau d6 duoc nghién min va
ry, v6i kich thude 16 ray 1a 250 pm.

Céc hoa chit duoc sir dung trong thuc nghi¢m
gom: KOH, FeCl,.6H,0, NaOH va HCI déu cua hang
Xilong, Trung Qudc. Dung dich goc H,AsO, nong do
1000 mg/l As cua hang Merck, Duc.

2.2. Piéu ché carbon tir tinh

Pau tién, 1y 5 g rom (RS) tron v6i 50 ml dung
dich KOH 5%. Chuyén toan b hdn hop vao autoclave
c6 thé tich 100 ml rdi dat trong ta sdy. Qua trinh thay
nhiét dugc thuc hién ¢ nhiét 3o 120°C trong 4 gio.
bé nguoi, loc bo can thu dugc dung dich chiét xuat
lignin hoa tan trong KOH. Tiép theo, nho tir tir 20
ml dung ,dich f:h&a 0,025 m(?l Fe‘Cl3 vao 50 ml dung
dich chiét xuat trén va khuay déu trong 1 gio. Sau
d6, chuyén toan bd hdn hop vao autoclave c6 thé tich
100 ml. Qua trinh carbon hoéa thuy nhiét dugc thuc
hién ¢ nhiét d6 180°C trong 14 gid. P& ngudi, rdi loc
rira két tia nhiéu 1an bang nudc cat dén khi dat moi
truong trung tinh. Cudi cing, siy kho & 40°C trong
12 gio thu dugc vat li€u carbon tr tinh (MC).

2.3. Phwong phap dic trung vit li€u

Gian d6 nhiéu xa tia X (XRD) ctia mau MC duoc
ghi trén nhidu xa ké tia X D8 Advance - Bruker, v6i
tia CuKa ¢6 A = 0,154056 nm. Anh hién vi dién tr
quét SEM dugc chup trén thiét bi S4800 - Hitachi va
anh TEM dugc chup trén thiét bi JEM1010 - JEOL.
Phd tan sic ning luong tia X (EDX) ctia mau bot MC
duoc ghi trén thiét bi JED-2300 Analysis Station. Pho
FT-IR dugc ghi boi thiét bj Tensor II - Bruker trén nén
KBr. Dién tich bé mt riéng dugc xac dinh be"mg cach
chup BET trén thiét bi Quantachrome NovaWin. Do
tir hda VSM duoc do trén thiét bi VSM 7307 - Lake
Shore. Néng dd As(V) con lai trong dich loc dugc xac
dinh trén thiét bi Thermo Scientific iCAP Q ICP-MS.

2.4. Panh gia sy hép phu

2.4.1. Thwe nghiém hap phu

Cho 0,1 g MC vao trong 100 mL dung dich
chtra ion As(V) & ndng d6 va pH xéac dinh. Khudy
tron huyén phui 1ong cho dén khi su hap phu dat can
bang. Vat liéu hap phu sau d6 dugc loc tach va do
ndéng do6 As(V) con lai trong dich loc. Hiéu suit loai
b6 ion As(V), H(%) tai thoi diém t, duoc tinh theo
phuong trinh (1) (Dallel & cs., 2018).

Ho% = =C) 00, (1)
C

o
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~ Trong do C, (ug/L) la ndng do cua As(V) ban
dau, C (ng/L) la nong do cua As(V) tai thoi diém ¢
(phtt). Dung lugng hap phu tai thoi diém ¢, ¢, (ug/g),
duoc tinh theo phuong trinh (2) (Dallel & cs., 2018).

C -C
g = LGV 2)

m
Trong d6 ¥ (L) 1a thé tich dung dich va m (g)
1a lwong chat hap phu. Dung luong hip phu tai can
bang, q, (ug/g), dugc tinh toan boi phuong trinh (3)
(Dallel & cs., 2018):

g = GV 3)

m

Trong d6 C, la néng d6 ion As(V) tai can bé“mg.

2.4.2. pH dung dich ban dau

Thi nghiém duoc tién hanh bang cach cho 0,1
g chat hip phu vao trong 100 mL dung dich chira
As(V) & nong d6 600 pg/L va khudy tron trong 120
phut. pH dung dich chira ion kim loai duoc thay d6i
(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 hap phu

Thoi gian can bang cho sy hip phu As(V)
duogc xac dinh thong qua nghién ctru dong hoc trong
khoang thoi gian tir 0 - 150 phut & cac didu kién nhu
sau: nong do ban dau la 400; 600 va 800 pg/L; pH
dung dich = 5; qua trinh hap phu dugc giir dang nhiét
tai 30°C. Hai md hinh dong hoc biéu kién bac mot/
bac hai dugc st dung dé hiéu thém vé dic tinh cua
qua trinh hap phu nhu duoc cho lan luot theo phuwong
trinh (4) va (5) nhu sau (Shahawy & Heikal, 2018):

In(q, —q,) =Ing, + k1, 4)
t ¢ 1

—=—+ . 5
a 4. k.q

Trong do, g, (ng/g) vaq, (ng/g) lan luot 12 dung
lugng hap phu tai thoi diém can bang va tai thoi di€ém
t, k, 1a hing s6 toc do bicu kién bac mot (phut) va
k, 1a hang so t(j)c do biéu kién bac h‘ai (g/(pg.phﬁt)).

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

Quy trinh thuc nghiém khao sat déng nhiét hap
phu tuong tu nhu quy trinh thuc nghiém khao sat
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dong hoc hip phu. Sau khoang thoi gian 120 phit
tiép xuc giita cac ion kim loai (ndng do thay doi tir
400 - 1200 pg/L) va bot MC, dich long dugc tach ra
va do lai ndng twong tu nhu trén. Hai mé hinh déng
nhiét h:?ip phu Langmuir va Freundlich dugc str dung
dé phan tich dit liéu hap phu cin bang. Puong ding
nhiét Langmuir c6 thé duoc mé ta bai phuwong trinh
(6) nhu sau (Hanh & cs., 2019):

1 1 1
e (6)
qe qm qm 'KL ‘Ce
Trong d6 C, (ng/L) la ndng do can bang cua

As(V) trong dung dich; ¢, _(ng/g) la dung luong hap
phu cuc dai don 16p cua chat hap phy; K , (L/pg) la
hang s6 Langmuir lién quan dén nang lugng hap phu.

Hon nita, dang ctia duong dang nhiét & trén ciing
¢6 thé duogc biéu thi dudi dang hé s6 tach R |, duogc dua
ra trong phuong trinh (7) nhu sau (Hanh & cs., 2019):

1

R =———. 7
" 1+K,C, @)

Gia tri R, cho thdy sw hap phu la thuan loi khi
0 <R, <1, khong thuan loi khi R, > 1, tuyén tinh khi
R, =1 va thuén nghich khi R, = 0.

Mo hinh d:fmg nhiét Freundlich dugc cho boi
phuong trinh (8) nhu sau (Hanh & cs., 2019):

lgg, = lgK, +(1/n,)lgC.. ®)

Trong do K, (ng/g.(L/pg)"™) va n la cac hing
s0 Freundlich lién quan tuong Gng dén dung lugng
hap phu va cuong do hap phu. Do 16n ciia n cho biét
mirc d6 thuan loi clia qua trinh va khi n > 1 thé hién
su hip phu 1a thuén loi.

3. Két qua va thao luan

3.1. Mt s6 dic trung cia vat ligu

Gian d6 XRD cua mau MC (Hinh 1) cho thy
xudt hién céc pic dic trung ctia cac pha sit oxide c6
tu tinh la magnetite Fe,O, (20 = 30,6; 33,6; 35,8;
43,5°) va maghemite y-Fe O, (20 = 35,8; 53,0°). Két
qua nay phu hop vdi mdt so cong trinh nghién ctu
trude day (Ai & cs., 2011; Guo & cs., 2018; Liu &
cs., 2014; Tu & cs., 2017). Nhu vy, trong qua trinh
xu 1y nhiét, cac ion Fe** dugc thém vao da bi khur mot
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phan thanh céc ion Fe** va tiép tuc dugc chuyén ddi
thanh Fe O, (A1 & cs., 2011).
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Hinh 1. Gidn 4 XRD ciia miu MC

Phé chup EDX ctia mau MC & Hinh 2 cho théy,
vat liéu carbon tir tinh diéu ché dugc c6 thanh phﬁn
chinh gdm cac nguyén té C (21,71% khdi luong),
O (49,39% khbi lugng), Fe (21,18% khdi lugng) va
c6 1an mot it cac nguyén té Si (7,73% khdi lugng).
Diéu nay c6 thé 1a do ngudn rom ban dau c6 chira
nguyén t6 nay.
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Hinh 2. Phd EDX va thanh phén cac nguyén té
trong miu MC

MC
N\ S
- o
_ » ] g3
2 [rRs o 8 e -
g g
o ™
f =4
~Q@
>
=
=
8.
I b
s 5
§ g
T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Sé séng (cm™)

Hinh 3. Phé FT-IR ciia miu RS va MC

Phd FT-IR cta hai miu RS va MC duge duara
& Hinh 3. Tir Hinh 3 cho thiy, mau RS xuét hién cac
dai hép thu tai 1423,9; 1381,6 va 1321,9 cm™! 1a ving
du van tay cta cac thanh phan chinh trong rom ra
tuong rng la lignin (da}o dong bién dang -O-CH,),
cellulose (dao dong bien dang -CH), hemicellulose
(dao dong hoa tri C-O) (Tu & cs., 2017). Trong khi
d6, phd FT-IR ctia mau MC chi ¢ pic tai 1407,7 cm!
dic trung ctia khoang lignin, chig t6 rang trong dung
dich nuéc den chira thanh phan chinh 14 lignin. Ngoai
ra, duong cong FT-IR ciia mau MC quan sat thay co
pic m&i xuét hién tai s6 song 592,2 cm!. Theo cac
cong trinh (Dai & cs., 2017; Guo & cs., 2018; Liu
& cs., 2014; Tu & cs., 2017), day la dac trung cua
dao dong hoa tri Fe-O, chiing to c6 hinh thanh cac
pha sit oxide. Cac ving dao dong con lai duoc ghi
nhan trén ca hai dudng cong phd déu 1a cac pic dic
trung cua vat liéu nguon goc biomass gom 3423-3440
cm™! (dao dong hoa tri -OH), 2919-2926 cm! (dao
dong hoa tri -CH,), 1624-1638 cm™ (dao dong hoa
tri C=0), 1020-1097 cm™! (dao dong hoéa tri Si-O-Si)
va 471-449 cm! (dao dong hoa tri Si-O) (Guo & cs.,
2018; Rattanachueskul & cs., 2017; Tu & cs., 2017;
Wu & cs., 2014).
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Hinh 4. Pwong cong tir héa va kha ning thu hdi bing
nam chiam ciia miu MC

Puong cong tir cia mau MC trén Hinh 4 cho
thiy d6 tir hoa dat khoang 33 emu/g, twong duong
vO1 mot s6 bao céo (Bao & cs.,2014; Tu & ¢s.,2017;
Zhang & cs., 2013). Diéu nay cho thay vat liéu carbon
tir tinh MC c6 thé thu hdi sau khi hap phu bang cach
sir dung tir truong ngoai. Anh TEM va SEM ciia mau
MC dugc dua ra & Hinh 5. Tir anh TEM nhan thiy,
mau MC thu duoc gdm céc hat sét oxide ¢6 kich thude
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khoang 100-200 nm, dugc bao pht bdi 16p than bén
ngoai. Két hop két qua tir anh SEM thiy rang san
pham than tir ¢6 cu tric twong d6i xdp, phi hop véi
dién tich bé mit riéng BET cuia vat liéu duoc x4c dinh
1a 171 m¥g. Két qua BET nay cao hon so v&i mot s6
cong trinh da cong bd (Bao & cs., 2014; Wu & cs.,
2014). Pay la dic diém quan trong gitp cho vat liéu
than tir tinh c6 dic tinh hap phu tét.

Hinh 5. Anh TEM (tr4i) va SEM (phai) ciia miu MC

3.2. Két qua khao sat sy hap phu

3.2.1. Anh hwéng ciia pH dén sw hap phu

Do pH cuia dung dich anh huong rat 1on dén quéa
trinh hap phu do n6 xac dinh dién tich bé mit cua
chat hip phu va trang thai ciia chat bi hap phu trong
dung dich. Anh huong cta pH (3, 5, 7 va 9) ddi véi
su hip phu As(V) trén MC di dugc nghién ctru, két
qua nhu duogc trinh bay trong Hinh 6.
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pH dung dich
Hinh 6. Anh huéng ciia pH dung dich dén hiéu suit
hip phu As(V) trén MC
Hinh 6 cho thiy, hi¢u suat hip phu As(V) ting
nhe tir 92,01% dén 93,65% khi ting gia tri pH tir 3
dén 5. Hiéu suat hap phu As(V) giam khi ting pH
> 5 twong ng voi cc gia tri lan luot 1a 89,61%
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va 81,92% tai pH 7 va pH 9. Theo céac cong trinh
(Sharma & cs., 2010; Yao & cs., 2014), két qua nay
1a do trong moi trudng acid, cac hat sat ton tai dang
Fe(OH)," va As(V)‘tSn tai dang H,AsO,, vi vy su
turong tac hut gitra bé mat MC tich dién duong véi cac
anion H AsO,, dan dén hiéu qua hép phu cao va dat
gia tri cyc dai tai pH 5. Trong khi do, & moi truong
kiém, cac hat sit ton tai dang Fe(OH) ) va ‘AS(V) ton
tai dang HASO .~ va AsO,”. Luc nay, cd bé mit MC
lan As(V) déu tich dién am lam can trd qua trinh hap
phu nén higu suit loai bo giam dan khi pH > 5. Do
do6, trong qua trinh nghién ctru ching t6i lya chon
pH = 5 1a diéu kién thich hop dé tién hanh khao sat.

3.2.2. Anh huong ciia thoi gian tiép xiic va dong
hoc hdp phu

Anh huong cia thoi gian tiép xuc dén dung
luong hap phu As(V) trén MC & cac nong do khac
nhau: 400; 600 va 800 pg/L trong khoang thoi gian
thay d6i tir 0 - 150 phit nhu duge thé hién trong Hinh
7. Két qua cho thay, hiéu suat hap phu dién ra nhanh
va manh trong khoang 15 phut dau, sy hip phu sau d6
tré nén chdm va gan nhu dat can bang sau khoang 90
phut tiép xtc. Hién tuong nay co thé duogc gii thich
boi thue t& mot lugng 10n cac vi tri hip phu con tréng
d3 c6 sin cho sy hdp phu As trong giai doan dau va
cac vi tri hép phu sau d6 tré nén bao hoa, hon nira c6
su tuong tac déy gitra cac ion bi hép phu trén bé mat
va cac ion con lai trong dung dich (Mostafapour &
cs., 2013; Yao & cs., 2014). Pé dam bao can béng
hép phu duogc thiét 1ap hoan toan, chiing t6i chon thoi
gian tiép xtc toi wu 1a 120 phit va giir ¢d dinh cho
céc thi nghiém tiép theo.
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200 +

—&— As 400 pg/L
—&— As 600 pg/L
—&— As 800 pg/L

Dung lweng hap thu (ug/g)

100

04

T T
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Thoi gian hap thu (phat)

Hinh 7. Anh huéng ciia thoi gian tiép xic dén dung
lwgng hap phu As(V)
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Hinh 8. Mé hinh ddng hoc biéu kién bac mdt (a) va bac hai (b) ciia qua trinh hip phu ion As(V)
trén vat liéu carbon tir tinh MC

Céac md hinh dong hoc biéu kién bac mot va
dong hoc biéu kién bac hai duoc khép véi cac dir
liéu dong hoc hip phu As(V) trén MC nhu duoc
trinh bay trong Hinh 8. Cac thong sé dong hoc, hé
s6 twong quan (R?) xac dinh dugc tir hai mé hinh
nay dugc liét ké trong Bang 1. Két qua cho thay ring
hdi quy tuyén tinh cua su hip phu As(V) trén MC
theo mé hinh dong hoc biéu kién bac hai phu hop
tdt voi cac dir lidu thuc nghiém. Cac gia tri R* theo
mo hinh dong hoc biéu kién bac hai tai cac néng do
déu cao hon so v6i R? tinh toan dugc theo mo hinh
dong hoc biéu kién bac mot. Hon nita, vé su phu
hop gitra céc gia tri g, , tinh toan dugc tir cac mod
hinh va céc gia tri q__ theo thuc nghiém da cho
thay mé hinh dong hoc bleu kién bac hai c6 dir liéu

dong hoc phu hop tot hon so v&i mo hinh dong hoc
biéu kién bac mot.

Pong hoc hip phu AS(V) trén MC phu hop tét
v6i md hinh dong hoc biéu kién bac hai hon so véi
md hinh dong hoc biéu kién bac mot cling da duoc
bao cao & cac nghién ctru (Hanh & cs., 2019; Yao
& cs., 2014). Sy phu hgp hon vdi mo hinh dong hoc
biéu kién bac hai cho thay téc do hip phu phu thudc
nhiéu hon vao su sin c6 cta cac vi tri hép phu trén
bé mit vt liéu hon 1a néng do cua cac ion As(V)
trong dung dich. H¢ s6 toe do k, cia m6 hinh dong
hoc biéu kién bac hai c6 xu hudng giam khi ting
ndng do ion As(V) ban dau. Piéu nay 1a do c6 su
canh tranh 16n hon d6i véi vi tri hap phu khi cac ion
As(V) & ndng do ban dau cao hon.

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

M6 hinh dong hoc béc 1

Mo hinh dong hoc bac 2

(ug/oL) wo e R k(<0 g(ugphiy’) e R
(phut)  (ugg) ’ i (ng.g)
400 394,78 0,0750 783,37 0,9437 0,229 434,78 0,9982
600 562,30 0,0631 915,35 0,9501 0,132 625,00 0,9980
800 613,20 0,0577 910,05 0,9556 0,119 666,67 0,9984

3.2.3. Anh huéng cia nong do As(V) ban dau
va ddng nhiét hdap phu

Két qua khao sat yéu t6 anh huong cia ndong do
As(V) ban dau dén kha nang hap phu ciia MC dugc
trinh bay trong Hinh 9. Ttr Hinh 9 cho thiy, dung luong
hap phu As(V) trén MC tang manh trong khoang ndng
do tir 400 - 600 pg/L. Néu tiép tuc ting ndng do ion
kim loai > 600 pg/L, dung lugng hap phu tuy cé ting

nhung mirc d6 thay dbi khong dang ké. Dung luong
hap phu As(V) dat gia tri 16n nhat 1a 647,10 pg/L tai
nong d6 dau 1200 pg/L. Su gia ting dung lugng hap
phu c6 thé do ¢ ndng dd As(V) cao hon di tao diéu
kién cho tit ca cac tim hip phu c6 sin trén bé mét tham
gia vao hoat dong hap phuy, luc truyén khéi 16n hon va
tang s6 luong va cham giira cac As(V) va MC (Asere
& cs., 2017; Mostafapour & cs., 2013).
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I:Iinh 9. Anh hu’(’)’yg ciia nong do As’(V),ban diu
dén dung lwgng hap phu va hi¢u suat hap phu As
trén MC
Pong thoi, trong Hinh 9 ciing cho thiy hiéu suat
hap phu As(V) trén MC giam lan lugt tir 98,69% dén
53,93% khi ting ndng d6 As(V) ban ddu twong ing tir
400 dén 1200 pg/L. Viéc giam hiéu suat hip phu c6
thé do sb lugng cac tdm hoat dong co san trén bé mat
MC giam cuing véi sy gia ting nong do As(V) ban dau
(Asere & cs., 2017; Mostafapour & cs., 2013). biéu
quan trong 1a khi ndng d6 As(V) ban dau 1 400 pg/L,
v6i hidu suat loai bo 1a 98,69%, thi ndng d6 As(V)

T
400

con lai sau qua trinh hap phu 1a 5,25 pg/L. Nhu vay,
v6i ndng do ban dau 1a 400 pg/L, ham lugng arsenic
trong nudc sau khi xir 1y thap hon giéi han cho phép
trong nudc udng (10 pg/L) theo quy dinh ciia T chirc
Y té Thé gioi (WHO).

Céc m6 hinh hap phu dang nhiét Langmuir va
Freundlich da dugc sir dung dé danh gia dir liéu can
bang hap phu. Két qua nhu dugc mé ta & Hinh 10
va cac dir liéu thyc nghiém thu dugc dugc tom tat
trong Bang 2.

2,85

0,0026 4 Langmuir Freundlich

2,80
0,0024 -

2,75 [ ]

lga,

2,70

2,65

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

y =0,005x + 0,0016

. R?=0,0885

2601 o
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Hinh 10. a) Puong ding nhiét Langmuir; b) Pwong
dang nhiét Freundlich cho su hip phu As(V) trén vat
liéu carbon tir tinh

Bang 2. Cac thong s6 dang nhiét cho sw hip phu As(V) trén MC

M6 hinh Langmuir M6 hinh Freundlich
(ZZX) v A R R K, (ng/g.(L/ng)'"™) n R
(hg/g)  (Lipg) - ' '
552,9 625,0 0,32 0,0026 0,9885 351,88 9,69 0,9173

Bang 3. So sanh dung lweng hip phu As(V) trén
MC véi mdt s6 chét hiap phu khac

Dung lugng Tai liéu

Chat hap phu hal()qphu :;r/cg )('lgn tham kiléio
Carbon tur tinh 625 Nghién ctru nay

. X s [Wang & cs.,
Biochar go tung 265 2015]

. o [Wang & cs.,
Biochar tir tinh 429 2015]

. [Asere & cs.,

Chitosan 710 2017]

Tir Hinh 10 va Bang 2 c6 thé nhan thiy, ca hai
dudng dang nhiét Langmuir va Freundlich déu c6 hé
sO twong quan R2 16n, tuong tmg 13 0,9885 va 0,9173,
chimg t6 hai m6 hinh trén déu phut hop véi qua trinh
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hap phu déng nhiét As(V) trén MC. Tuy nhién, mo
hinh Langmuir phul hop so v6i dudng dang nhiét
Freundlich, véi cac hé sé twong quan R? cao hon.
Gid trin, = 9,69 lén hon 1 va R, =0,0026 ndm trong
khoang tir 0 va 1, ching t6 rang sy hap phu As(V)
trén MC dién ra thuan loi. Két qua nay phu hop véi
mot s6 cong trinh nghién ciru dong hoc hap phu As(V)
trén vat liéu c6 ngudn gbe biomass (Chen & cs., 2007;
Hanh & cs., 2019; Wang & cs., 2015).

Tu su so sanh gia tri g vGi cac chét hip phu
da dugc bao cao khac (liét ké trong Bang 3), co thé
thay rang hiéu qua hap phu ctia vat lidu carbon tir tinh
¢6 ngudn gde tir rom ra trong nghién ciru ndy tuong
duong hodc c¢6 phan tot hon so véi mot sd chat hap
phu tir ngudn biomass khac. Nhu vdy, bang phuong
phap diéu ché don gian va nguyén liéu ré tién, c6 thé
diéu ché duoc vat lidu carbon tir tinh hap phu As(V)
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tdt, d& thu hoi béng tuor truong ngoai, hira hen mot
dong vat lidu hiéu qua kinh té cao trong xr Iy moi
truong nude 6 nhiém.

4. Két luan

D3 diéu ché thanh cong vat liéu carbon tur tinh
va danh gia duoc kha ning hap phu xur 1y As(V)
trong dung dich nudc. San pham c6 dién tich bé mat
riéng va do tu hoa kha cao. Phan tich cdc m6 hinh
dong hoc cho su hép phu As(V) chi ra rﬁmg di liéu
thuc nghiém dwoc mo ta tdt boi mé hinh dong hoc
biéu kién bac hai. Panh gia dang nhiét hap phu cho
thay can bang hap phu As(V) phu hop véi ca md
hinh Langmuir va Freundlich. Dung lugng hip phu
cuc dai tinh toan duoc 1a 625 pg/g. Ngoai ra, nghién
ctru cling cho thay pH cua dung dich c6 anh huong
manh dén hiéu qua hap phu va pH = 5 1a thich hop
cho sy hap phu. Tai gi tri pH nay, v6i ndong do ban
dau 14 400 pg/L, ham luong As(V) trong nudc sau
khi xtr Iy thdp hon gi6i han arsenic cho phép trong
nuédc udng theo quy dinh cia WHO. Két qua cho
thdy vat liéu hap phu carbon tir tinh trén co so phé
phim néng nghiép rom ra co tiém ning trong Gmg
dung xir Iy nudc 6 nhiém arsenic.
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