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TOM TAT

Nghién citu kha néng hap phu Cr(VI) trong moi truong mrde bdng than
sinh hoc (TSH) dwoe san xudt tir phu pham nong nghiép — canh thanh long
(Hylocereus sp.). Két qud phan tich cho thay tac nhan hoat hoa HNO:; da
lam thay d6i tinh chat bé mdt cia TSH dan dén viéc tang kha ndng hdp
phu Cr(VI) trong nudc so voi TSH chua hogt hoa. TSH sau bién tinh cé
thé xir Iy Cr(VI) 6 nong dé 10 mg/L véi hiéu sudt va dung lwong hap phu
lan lwot 1a 88,9% va 2,2 mg/g & diéu kién pH 2 va khoi heong than sir dung
1a 0,2 g trong 90 phiit. Khdo sdt dgng hoc cho thay mé hinh dgng hoc biéu
kién bdc 2 la phix hop dé gidi thich dong hoc qud trinh hdp phu Cr(VI) lén
TSH vé6i R? = 0,9821. Nghién ciru xdy dung mé hinh dding nhiét cho thay
mé hinh hdp phu ding nhiét Langmuir phit hop hon mé hinh ding nhiét
Freundlich doi véi qud trinh hép phu Cr(VI) Ién vt liéu hap phu tir canh
thanh long va dung heong hdp phu cuc dai la 5,91 mg/g.

Tir khod: Canh thanh long, Crom(VI), nhiét phdn, than sinh hoc,
xur ly nuwoc
ABSTRACT

This study focuses on developing a low-cost absorbent, specifically
modified biochar prepared from dragon fruit (Hylocereus sp.) branches
to remove Cr(VI) in an aqueous solution. It was found that the activation
process using nitric acid helped to improve the prepared biochar's surface
properties, resulting in an increase in the adsorption capacity of Cr(VI) in
an aqueous solution. Accordingly, the removal efficiency and adsorption
capacity of Cr(VI) respectively reached 88.9% and 2.2 mg/g at the
optimum condition: the absorbent dosage of 0.2 g, pH solution of 2,
contact time of 90 minutes, and initial concentration of 10 mg/L. An
equilibrium adsorption isotherm model and a kinetic model of Cr(VI) on
the modified biochar from dragon fruit branches were fitted to
experimental data. In comparison to Freundlich adsorption isotherm
model, the data were well represented by the Langmuir adsorption
isotherm model with a maximum adsorption capacity of 5.91 mg/g.
Furthermore, the adsorption kinetic data were well described by the
pseudo-second-order model with R* of 0.9821, indicating a high
agreement between experimental and calculated values.

Keywords: Biochar, Cr(VI), dragon fruit branches, pyrolysis,
wastewater treatment
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1. GIOI THIEU

O nhiém méi truong do nudc thai ndi chung va
nudc thai chira kim loai nang noi riéng 1a mot van
dé moi truong “nong” ¢ Viét Nam trong nhitng nam
gan day. Hién nay, nudc thai tir cdc nganh cong
nghiép nhu san xuit son va chit nhuém, ma kim
loai, luyén kim,... cé chira nhiéu chit 6 nhiém, dién
hinh 12 kim loai nang nhu Pb, Cd, Cr, Ni, Zn, Cu va
Fe... Cac kim loai nay khong phan hay sinh hoc va
ton tai & song, hd, sudi gay tich lity sinh hoc trong
co thé song, dan dén nhiéu van dé stic khoe & dong
vat, thuc vat va con ngudi nhu ung thu, nhlem a-xit
chuyén hoa, loét miéng, suy than va ton thuong
trong da day (Hegazi, 2013; Babel & Kurniawan,
2003). Crom la kim loai co tinh ddc cao, dac trung
cua nudc thai cong nghé ma dién. Trong do, Cr(VI)
hép thu qua da day va rudt nhiéu hon Cr(IIl) va c6
thé thim thiu qua mang té bao (Deng & Bai, 2004;
Silva et al., 2018). Theo quy chuan k¥ thuat Viét
Nam vé nudc thai cong nghiép cot A (QCVN
40:2011/BTNMT) thi néng d6 Cr(VI) trong nudc
phai thip hon 0,05 mg/L. Ham lugng Cr(VI) du chi
mot lwgng nho c6 thé 1am giam protein, a-xit nucleic
va trc ché hé thdng men co ban va dic biét giy ung
thu & dong vat va con ngudi (Hang et al., 2020).

Hién nay, rat nhiéu nghién ctru tai Viét Nam va
trén thé giéi st dung phé phim noéng nghiép nham
xtr ly Cr(VI) trong moi truong nude nhu st dung vo
hanh nhan cua Nurchi and Villaescusa (2008), st
dung canh xuong rong cia Fernandez-Lopez et al.
(2014), sir dung triu bién tinh cua Pinh va ctv.
(2015),... Tai Viét Nam, thanh long (Hylocereus sp.)
duoc trdng phd bién ¢ cac tinh Nam Trung Bo va
Nam B6 véi tong dién tich hon 37.000 ha (Thuong
va ctv., 2021; Nhu va ctv., 2023). Trong qua trinh
tréng thanh long, nhiam gitup ciy c6 kha nang dén
anh sang day du, canh tan thanh long dwoc cit tia
lién tyc gitp cdy co bd khung co ban ving chéc, can
dbi; nhung diéu nay dan dén viéc co rat nhidu canh
thanh long duogc thai ra ma chua c6 bién phap xu ly
thich hop gy 6 nhiém moi truong (Khoi &
Trac, 2017).

Nhin chung, cac cong trinh nghién cliru hay mot
ung dung vé chat hép phu sinh hoc ché tao tir canh
thanh long dé xur 1y kim loai nang trong mdi trudng
nuée chua thdy cong bd. Trong khi d6, nhu cu xuét
khau thanh long dang ngay mot tang, nén dién tich
cdy trong tang dan dén khéi luong canh thanh long
thai bo ngay cang nhiéu s& gay tac hai xiu dén moi
truong. Nghién ctru ndy dwoc thuc hién bang cach
hoat hoa than sinh hoc (TSH) thu dugc tir nhiét phan
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canh thanh long bdi HNO; thanh vt liéu hép phu
Cr(V]) trong nudc thai.

2. PHUONG PHAP NGHIEN CUU
2.1. Nguyén li¢u va héa chit

Cénh’ thanh long duoc thu t“ai Xxa Thanh Hoa,
huyén Bén Luc, tinh Long An dé ché tao than sinh
hoc.

K>Cr,07 ding dé pha ché nudc thai gia dinh
chira Cr(VI) dugc mua tir nha san xuat Xilong,
Trung Qudc.

2.2. Nhiét phéan canh thanh long va hoat héa

than sinh hgc

Nghién ctru dugce thue hién bang cach tham khao
phuong phéap tao TSH trong diéu kién khong khi
trong 16 khong luu thong. Uu diém ciia phuong phap
nay 1a khong sir dung khi tro, vi vay tiét kiém chi
phi san xuat TSH.

Than héa: Canh thanh long duoc rira sach va siy
kho. Cay thanh long thudc ho xwong rong nén dua
vao cac nghién ctru ng dung hip phu ciia TSH dugc
tao thanh tir nhi¢t phan xwong rong, nhiét phan canh
thanh long & nhi¢t d khoang 450°C trong thoi gian
120 phut (Fernandez-Lopez et al., 2014; Loukia,
2014; Amari et al., 2019). TSH thu duoc s& nghién
va rdy dén kich thudce 0,15 - 0,315 nm.

Hoat héa TSH: Mau TSH duogc cho vao dung
dich hoat héa a-xit va tién hanh lic trong khoang 24
gid (Loukia, 2014). Mau TSH sau hoat hoa duoc
loc, rira dén pH 7 va sdy & 105°C. Dua vao két qua
hap phu Cr(VI) trong dung dich, diéu kién t6i wu
dugc chon dé tién hanh qua trinh hoat héa TSH.

2.3. Khio sat kha ning hip phu Cr(VI) ciia
than sinh hoc

Céc yéu té anh huong dén kha ning hip phu
Cr(VI) trong nuée cia TSH san xudt tir canh thanh
long dugc khao sat nhu: pH dung dich, thoi gian hip
phy, ham lugng chét hip phy va nong d¢ dung dich
ban dau. Cac thi nghiém héap phu dugc thyc hién trén
may lic (Jeio Tech, model 0S-2000, Han Qudc) véi
toc do lac 1a 150 vong/phut & nhiét 6 phong. Nong
d6 Cr(VI) trong dung dich dugc xéac dinh theo ti€u
chuan Viét Nam TCVN 6658 : 2000 (ISO 11083 :
1994) biang phuong phap so mau tai budc song 540
nm st dung may UV-Vis spectrophotometer
(Thermo Scientific, model Evolution 350, USA).

Hiéu qua hap phu Cr(VI) duoc danh gia thong
qua dung luong hap phu cén bang ge (mg/g) dugc
tinh toan bang can bang chuyén khdi:
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Co—Ce)XV
o = % (1)

Trong d6, C, va Ce (mg/L) 1a ndng do Cr(VI) dau
vao va dau ra, V (L) 1a thé tich dung dich hap phu
va W (mg) 1a khoi lugng than hap phu.

Pong hoc ctia qua trinh hip phu dugc nghién ctru
theo hai mo hinh dong hoc: mé hinh biéu lgién bac 1
(phuong trinh 2) va md hinh bi€u kién bac 2
(phuong trinh 3).

Phuong trinh biéu kién bac 1:

In(qe— q) =Inge. — kit  (2)
Phuong trinh biéu kién bac 2:

1 1 t

ac k243 qe

3)

Trong do, q. 1a dung lugng hap phu tai thoi diém
can bang (mg/g); q: la dung luong hap phu tai thoi
diém t (mg/ 2); ki 1a hang sO toc do hap phu biéu kién
bac nhét (ph™'); ks 1a hing sb toc do hap phu biéu
kién bac hai (g/mg.ph).

Ping nhiét cia qua trinh hap phy ion Cr(VI)
cling dugc danh gia qua hai moé hinh hap phu phd
bién 1a mo hinh ding nhiét Langmuir (phuong trinh
4) va dang nhiét Freundlich (phuong trinh 5).

1 1 1 1

—=—+ X — 4)
de dm KrLam Ce

Inq, = InKp + % X InC, (5)

Trong do6, qm la dung luong hép phu cuc dai
(mg/g); qe 1a dung luong hap phu tai thoi diém can
bang (mg/g); Ce 1a nong do chat bi héap phu tai thoi
diém can bang (mg/L); Ki 1a hing sé hip phu
Langmuir (L/mg) dic trung cho 4i lyc ciia tim hip
phu; Kp (mg-¥™ L g1 va 1/n 13 cac hing sb cia
phuong trinh dang nhiét Freundlich.

2.4. Xac dinh tinh chit ciia nguyén li¢u va

than sinh hoc

Dién tich bé mat riéng cta TSH dugc xac dinh
theo phuong phap BET (Brunauer—Emmett—Teller)
trén thiét bi ASAP-200. Céu tric bé mit SEM
(Scanning Electron Microscope) dugc chup trén
thiét bi Thermo Scientific, model Prisma E SEM.
Pho hong ngoai FTIR (Fourier-transform infrared
spectroscopy) trén thiét bi Thermo Scientific, model
Nicolet iS5, USA dugc dung dé x4c nhan cac nhém
lién két trén TSH trong viing c6 s6 song tir 4000 ¢!
dén 400 cm!,
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3. KET QUA VA THAO LUAN
3.1. Nghién ciru hoat hoa than sinh hoc

Nghién ciru kha ning hap phu cta than hoat hoa
duoc tién hanh & diéu kién thi nghiém: pH 2, than
hoat hoa 0,5 g, 50 mL dung dich Cr(VI) 10 mg/L
trong thoi gian hap phu 1a 60 phut. Hinh 1 cho thay
TSH duoc hoat héa boi dung dich HNOs c6 kha
nang hép phu Cr(VI) tot hon TSH chua hoat hoa
(dung dich HNO; OM) & tit ca cac nong d6 khao sat.
Hiéu suit hip phu Cr(VI) ting khi nong d dung
dich HNO; tang tir 0 dén 2 M va giam nhe trong
khoang ndng d6 HNO; tir 2-4 M. Piéu nay chiing to
su gia ting dang ké bé mat a-xit co thé gay can tré
kha nang tao vong véi ion Cr(VI) tir 46 dan dén hi¢u
sudt hap phu Cr(VI) giam (Quy, 2015).
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Chnos (M)
Hinh 1. Anl} huéng caa ntf)ng d¢ dung dich
HNOs den kha nang hap phu Cr(VI)

3.2. Kha niang hip phu Cr(VI) ciia than hoat
hoa
3.2.1. Anh heong cia pH dung dich

Su khéc biét vé kha nang hip phu cua TSH dbi
v6i ciing mot khoang pH ¢6 thé 13 do su khac biét
vé tuong tac giira cac kim loai va cac ion clia ching
trong dung dich. D6i véi vat liéu dung 1am chat hap
phu, diém dién tich khong (PZC) dong vai trd quan
trong trong qua trinh hap phu cac loai ion tir dung
dich 1én bé mat chét ran. Hinh 2 cho thay qua trinh
hoat hoa bé mit da lam thay doi pH,,. cta than mot
cach rd rét. BE mit cia than hoat hoa bang HNO;
2M c0 tinh axit manh v6i pHpze = 2,8 trong khi bé
mit ciia TSH ban déau c6 tinh kiém cao pHpze = 9,6.
Diéu nay khang dinh qua trinh hoat hoa di tao cac
nhém chirc axit yéu nhu phenolic, lactonic va
cacboxyl trén bé mit than lam giam manh pH déng
dién cia than sau khi bién tinh bang axit manh
HNO:s.
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Hinh 2. pH ding dién cia TSH va than dugc
hoat hoa bang dung dich HNO3

Nghién ctru anh hudng cia gia tri pH & Hinh 3
cho thay hiéu suit va dung luong hip phu Cr(VI)
giam dan khi pH dung dich ting. Tai pH = 2, hiéu
suat hip phu Cr(VT) dat cao nhat khoang 72,8%. Sau
d6, hiéu suat hap phu giam khi gia tri pH ting l1én.
C6 thé giai thich rang, & pH = 2,8, Cr(VI) chu yéu
ton tai & dang anion (HCrOy), va do d6 ai luc tinh
dién xay ra gitra cht hap phu tich dién duong va cac
ion HCrOy tich dién am. Nguoc lai, viéc giam hi¢u
suat hap phy khi ting pH 1a do tinh canh tranh ciia
cac nhom ion Cr(VI) va ion OH" trong dung dich.
B& mit chat hip phy tai pH > 2,8 tich dién 4m. Do
do, luc dﬁiy tinh dién gifra cac ion Cr(VI) tich dién
4m va cac hat hip phu cing dau véi né sé ting 1én.

50 6 ~
_ ®
s\i 70 4 —o— Hiéu sudt hip phu F3 ED
:- 60 - -----Dung lwong héP phu 1
B ! 2
=504 & =
@ \.. w®
= . 3 E-|
= 404 =
= 2 §
H 30 | =
g 20 L E

10 — 0 A

1 2 3 4 5 6 7 8 9

Gid tri pH
Hinh 3. Anh huéng cia pH dung dich
3.2.2. Anh heong ciia thoi gian hap phu

~ Nghién ciru khao sat anh hudng cua thoi gian
héap phu dugc thyc hién trong khoang thoi gian 30-
105 phut. Theo Hinh 4, thi thoi gian hap phu c6 anh
huong dang ké dén kha nang hap phu Cr(VI) vao bé
mat vat liéu. Trong 30 phat dau, kha nang hap phu
dat duge 62,2% va déy la khoang thoi gian luong
Cr(VI) dugc hap phu nhanh nhat vi cac tam lién ket
de dang tao tuong tac voi Cr(VI) vao 16 x6p. Sau dd,
trong khoang thoi gian tir 30 dén 90 phut hiéu suat
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hap phu ting tir 62,2 1én 78,2% do su canh tranh cua
cac Cr(VI) dé tuong tac voi cac tm lién két trén bé
mit cia vat liéu hip phu va can thoi gian dé Cr(VI)
khuéch tan vao trong cac 16 x6p. Sau thoi gian 90
phut, lic nay qua trinh hap phu gin nhu tién dén
trang thai can bang nén hiéu sut ting kha cham tir
78,2 1én 79,5% va dung lwong hap phu ting tir 3,91
dén 3,97 mg/g. Do d6, c6 thé két luan rang sau thoi
gian hép phu 90 phut, kha nang hép phu cua TSH
bién tinh da gan dat trang thai bao hoa do cac tdm
lién két da dugc lp day boi cac ion Cr(VI). Vi vay,
mdc thoi gian 90 phut dwoc chon dé tién hanh
nghién ctru cac thi nghiém tiép theo.

100 — 45
95 1 —o— Hiéu suat hap phu L a3 %
S 90 | ; F41 8
et —--a---Dung lwong hap phu T~
85 g lrong hip ph {§ 39 2
2, | £
>80 37 o
€ 75 A 3,53
= 70 P33
E -
2 65 1 315
é 60 r2.9 @

55 F 274

50 ‘ ‘ ‘ ‘ T 25

15 30 45 60 75 90 105
Thoi gian (phit)

Hinh 4. Anh huwéng cia thoi gian hip phu
3.2.3. Anh huong cia khoi heong than

Hiéu suét hap phu ciing phu thudc nhiéu vao
khéi luong chat hap phu sinh hoc. Hinh 5 cho thiy
khi tang khdi lwong than tir 0,05 dén 0,3g thi hiéu
suét loai Cr(VI) trong nudc thai ting tir 45,6 dén
99,9%, nguoc lai dung lwgng hap phu Cr(VI) giam
tir 4,6 con 1,7 mg/g, diéu nay phu hop véi cong thirc
tinh dung lwong hap phu.
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Khéi Irgng than (g)
Hinh 5. Anh huéng ciia khoi lugng than
_ Hinh 5 cho théy tir 0,05 dén 0,2 g thi hiéu suét
hap phu tang dang ké tir 45,6 dén 94,8%, sau khoi
luong 0,2 g thi hiéu suat hap phy thay doi nhe.
Tuong ty, khi khoi lwgng TSH 16n hon 0,2g, dung
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lwong hép phy giam nhe hon so v&i dung luong hip
phu trong khoang khdi lwong 0,05-0,2 g. Trong thi
nghiém nay, khéi luong TSH dugce chon 1a 0,2 g cho
cac nghién ctu hap phu tlep theo vi su hap phu
Cr(VI) da gan dat can bang, viéc gia ting kh01 lwong
gdy ton chi phi nguyén liéu nhung hiéu suit ting
khong dang ké (Hadjittofi et al., 2014).
3.2.4. Anh hiong cia nong do Cr(VI) ban dau

Hinh 6 cho thiy khi ting ndng do Cr(VI) tir 10
dén 40 mg/L, thi ¢ hiéu suat hip phu giam tir 88,9
xudng 56,6%, trong khi d6 dung lwong hap phu c6
xu hudng ting tir 2,2 dén 5,7 mg/g. Két qua nay cho
thdy kha niang hip phu Cr(VI) cia TSH tir canh
thanh long phu thuoc dang ké vao nong do Cr(VI)
ban dau. Nhin chung, khi nong d6 Cr(VI) trong dung
dich ban dau con thap, cic trung tim hoat dong trén
bé mit cia TSH van chua duoc lap day bai Cr(VI)
nén hiéu suét hép phu cuia vat li€u cao, cang ting
ndng do chit bi hap phu 1én thi hiéu sut hap phu
cua vat li€u s€ giam (Hadjittofi et al., 2014).

. y=-0,024.x + 1,1566
R?*=0,9447

Ln(g,-q)

Time (min)
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3.2.5. M6 hinh dong hoc qud trinh hdp phu
Cr(V1) lén than sinh hoc

Dong hoc qua trinh hap phu dugc danh gia thong
qua 2 md hinh dong hoc biéu kién 1 bac nhit (theo
phuong trinh 2) va béc hai (theo phuong trinh 3) dya
vao két qua nghién ctru anh huong cta thoi gian hap
phu téi dung lwong hap phu Cr(VI).

30
v = 0,2455.x + 1,4656

R?=0,9888

254

20

tfg, (min.g/mg)
;
~_
=)
A

(I) 1.5 3‘0 4‘5 6.0 7‘5 9‘0 1(.)5
Time {(min)

Hinh 7. M ta s6 liéu thuc nghiém bang phwong trinh dong hoc hip phu biéu kién 1 (a) va biéu kién
bac 2 (b)

Bang 1. Cic gia tri k va ge tinh theo phuwong trinh
dong hoc biéu kién bac mot va biéu kieén

bac hai
Phwong trinh qe ki k2 2
dong hoc (mg/g) (phit) (g/mg/phiit)
Béc 1 3,18 0,024 --0,9447
Béc 2 4,08 -- 0,060,9888

Céc hing s6 toc do hép phu (k) va dung lugng
hép phu & trang thai can bang (q.) duoc tinh dya vao
cac duong biéu dién cua Hinh 7. Két qua tinh duoc
thé hién trong Bang 1. Gia tri . tinh theo phwong
trinh dong hoc hip phu biéu kién bac 1 (3,18 mg/g)
khéac xa gia tri . xac dinh tr thyc nghiém (4,27

mg/g). Trong khi d9, q. tinh theo phuong trinh dong
hoc hap phu biéu kién bac 2 (4,08 mg/g) khong khac
nhléu s0 voi e xac dinh tir thyc nghiém, dong thoi
hé s6 hdi quy R2 = 0,9888. Két qua nay chumng to0 qua
trinh hip phu Cr(VI) bang TSH hoat hoa bing dung
dich HNOs tuan theo phuong trinh dong hoc hép
phu biéu kién bac 2. Hang s6 téc d6 hap phu dugc
x4c dinh bang 0,06 g/mg/phit. Két qua nay ciing
tuong dong v6i két qua cua cac cong trinh nghién
ctru su hap phu Cr(VI) Ién cac vat liéu khac nhau
nhu than hoat hoa c6 ngudn gdc tir xuong rong -
Opuntia spp. (Lopez-Gonzalez et al, 2012;
Fernandez-Lopez et al., 2014), than hoat hoa co
ngudn ge tir trau (Oluwasola et al., 2020).

Bang 2. Cac thong s6 dong hoc trong phwong trinh Langmuir va Freudlich

Mo hinh Langmuir M5 hinh Freundlich
Qmax (mg/g) KL (L/mg) n Kr (mg(-!m L1 o1 R?
5,91 0,49 0,9799 3,51 2,46 0,8891
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Céan bang dang nhiét cia than hoat héa véi
Cr(VI) dugc mé ta bang dwong dang nhiét Langmuir
va Freudlich. Bang 2 cho thiy qua trinh hip phu
TSH cia Cr(VI) phii hop véi phuong trinh déng
nhiét Langmuir (hap phu don 16p) khi mtrc d6 tuyén
tinh dat gia tri R = 0,9799 va dung lugng hip phu
cuc dai dat 5,91 mg/g. Trong khi d6, mic do tuyén
tinh theo md hinh Freundlich c6 gia tri R? = 0,8891
thip hon. Nhu vdy, mo hinh hap phu ding nhiét
Langmuir 12 m6 hinh thuén loi ¢é mo ta qua trinh
hép phu Cr(VI) trén vat liéu hap phu 1a TSH duogc
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tao thanh bang phuong phap nhiét phan canh thanh
long va hoat hoa bang HNO; 2M (Lopez-Gonzalez
et al., 2012; Fernandez-Lopez et al., 2014).

3.2.6. Tinh chdt cia than sinh hoc

Anh SEM ctia TSH trudce va sau khi bién tinh
bémg dung dich HNO; dugc thé hién trén Hinh 8.
Ket qua cho thay TSH sau bién tinh (Hinh 8b) c6
cu triic rong x6p voi nhidu mao quan nhé hon, didu
nay tao nhiéu thuan loi cho qua trinh hap phu, gitp
TSH c6 thé giir dugc nhiéu nhit chéat 6 nhidm trong
cac 16 rong (Mai & Tuyén, 2016).

Két qua do dién tich bé mit riéng cho thiy TSH
bién tinh c6 dién tich bé mat riéng va kich thudc 15
x6p lan luot 1a 170,68 m¥g va 4,6 nm. Déi phan b
mao quan cua TSH bién tinh ¢6 cuc dai & 5 nm, va
dai phan b6 mao quén tir 2 dén 10 nm.

Absorbance (a.u)

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber {cm™)

Hinh 9. FTIR caa TSH va than dw¢c hoat héa
bang dung dich HNO3

Két qua phan tich phd FTIR & Hinh 9 cho thay
TSH duoc hoat héa bdi HNO; ¢6 su dich chuyén
phd, 1am bién mét va bién ddi cac nhém chire. Hinh
9 ciing cho thay cudng d6 nhém O-H (3.432 cm!)
va nhom lién két C-H trong nhém methyl
(1.432 cm™) trén than bién tinh thdp hon do nhém
cacboxylic da phan Gng v6i nhom -OH khi TSH
dugc bién tinh bang HNOs (Mai & Tuyén, 2016).
Ngoai ra, sy bién mat ctia cac nhom lién két C-OH
(1.078 cm™) va lién két uén C-H (872 cm™) trén
TSH va su hinh thanh dai IR cudng d6 manh ¢ than
bién tinh trong khodng tir 1000 dén 500 cm™! ¢6 thé
1a do sy hinh thanh cidc nhom chirc amino va dao

Hinh 8. SEM cia TSH trwéece bién tinh (a) va sau bién tinh (b)

dong kéo dai ctia cac nhoém carbonyl -C=0 (Liet al.,
2016). Cac nghién ctu cua Hadjittofi et al. (2014)
va Wang et al. (2015) chi ra rang viéc bd sung hodc
gia tdng cac nhém chic chua oxy, nhom amino,
nhdm cacboxyl trén bé mat TSH dong vai trod thiét
yéu trong viéc hap phu ion kim loai théng qua viéc
gia tang cac vi tri lién két hodc tao cac phirc chat véi
ion kim loai. Tir d6, kha nang hap phu cta than bién
tinh dugc gia tang.

4. KET LUAN

Nghién ciru tong hop thanh cong vat liéu TSH
c6 kha nang hap phu cao véi Cr(VI) trong nuéc bang
phuong phap nhiét phan phu phim nong nghiép
canh thanh long. Qua trinh hap phu Cr(VI) chiu su
anh hudng nhat dinh cua cac yéu t6 PH dung dich,
thoi gian tlep xuc, khdi luvong chit hap phu va nong
d6 ban du cia Cr(VI). Trong diéu kién pH 2 véi
0,2 g than bién tinh va ndng d6 ban dau ctia Cr(VI)
13 10 mg/L thi sy hép phu Cr(VI) c6 thé dat can bang
sau khoang 90 phut tiép xuc v6i dung lugng hap phu
dat 2,2 mg/g va hiéu suit 1a 88,9%. Ddng thoi, két
qué nghién ctru chi ra rang, sy hip phu xay ra tuan
theo ca hai md hinh dang nhiét Langmuir va
Freundlich, trong d6 mé hinh hép phu don 16p
Langmuir md ta qua trinh hap phu hop 1y hon. Toc
d6 hap phu tuan theo phuong trinh dong hoc béc 2
biéu kién. Cac két qua cho thidy TSH tao thanh tir
phu phdm canh thanh long va bién tinh bang dung
dich HNOjs 1a vt lidu c6 tiém ning trong sir dung
loai bo ion kim loai nang Cr(VI) trong ngudn nude
6 nhiém.
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