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NGHIEN CU'U PAC TiNH HAP PHU ION NITRAT TREN
VAT LIEU THAN HOAT TiNH PUQC AMIN HOA
BANG (3 - AMINOPROPYL) TRIETHOXYSILAN

NGUYEN KHAC THANH ¥, TRAN THI MINH TRANG ", PHAM HONG THAI ",
BUI XUAN THANH ¥, PHAM THI NGOC MAI *

1. PAT VAN DE

Ngay nay, véi téc do phat trién ctia con ngudi, 6 nhim ngudn nude dang co
xu hudng gia tang va tr¢ thanh van dé dang bao dong ¢ Viét Nam cing nhu trén
toan thé g101 Nguon nudc bi 6 nhim ning bdi mot sb hop chat chura nito, déc biét
1a 6 nhidém nitrat (NO5") trong mdi truong nude da tro thanh van d& toan cau. Cac
hoat dong cua con nguoi, chang han nhu bén phéan qua murc trong nong nghiép la
ngudn chinh gay 6 nhiém NO; [1]. NO5™ ciing ¢6 thé xdm nhap vao nudc udng, de
doa strc khoe con ngudi [2]. Khi ham lugng NO;3™ cao trong co thé lam giam kha
ning van chuyén oxy cia mau dan dén bénh xanh da ¢ tré nho (bénh Blue baby), héi
chimg methemoglobin [3, 4]. T6 chirc Y t& Thé G101 (WHO) da dua ra gioi han
nong d6 NOs™ trong nudce udng 1a 25 mg/L [5]. O Viét Nam, nong do NOs trong
nuoe an uong ciing dugc gioi han t6i da 1a 50 mg/L theo Quy chuan K¥ thuat Qudc
gia vé chat lwvong nudc dn udng ciia B6 Y té (QCVN 01:2009/BYT).

Viéc nghién ctru va dé xuét cac giai phap dé loai bo chit gy 6 nhiém nay ra
khoi ngudn nudce vi vy 1a vo cung can thiét. Hién nay, cing véi su phat trién cua
khoa hoc dd c6 nhiéu phuong phap xtr Iy ham luong NO;trong nude nhu phuong
phép dién phan khir NOs’, phuong phap dién hoa [6], st dung mang loc [7], phuong
phép hap phu [8-15]. Trong d6, phwong phap hip phu c6 wu diém 13 kha ning lam
sach cao, chat hép phu sau khi str dung c6 kha nang tai sinh, viéc van hanh kha don
gian. Cac loai vat liéu hip phu phd bién trén thyc t& hién nay c6 thé ké tén la nhya
trao ddi ion, zeolit, xenlulozo,. .. va than hoat tinh. Than hoat tinh 1a vat liéu hép phu
ré tién, dugc sir dung phd bién trong thyc té dé xir Iy nudc thai, nhung hiéu suat hap
phu NOs™ trén than hoat tinh lai chua cao do bé mit ki nudc. Pé c¢6 thé tan dung
duoc loai vat liéu c6 ngudn gde thién nhién, dién tich bé mat cao, chi phi thip va
than thién véi moi trudng ndy, can bién tinh bé mit than hoat tinh tir ki nudc sang wa
nudc bang cach gin thém cac nhém chirc c6 tinh wa nude va kha ning trao ddi ion
v61 NO3 nhu cac nhom amin.

Muc tiéu ctia nghién ciru nay 13 bién tinh than hoat tinh v6i (3-Aminopropyl)
triethoxysilan (APTES) dé hinh thanh cac nhom amin trén bé mat (amin hoa bé mit)
va nghién ctru kha nang hép phu nitrat trén vat liéu bién tinh. Vat liéu t6 hop than
hoat tinh/APTES dugc tong hop bang mét quy trinh kha don gian trong d6 dung dich
phan tan cua than hoat tinh duoc khudy tron déu véi dung dich APTES trong 5 gid,
sau d6 dugc proton hoa trong dung dich acid dé chuyén cac nhém -NH, thanh nhém -
NH;" mang dién tich duong. Vit li€u than hoat tinh sau khi dugc amin ho4 s€ cho
kha ning hap phu nitrat cao nho twong tc tinh dién giita nhém -NH;" va anion NO5™.

Tap chi Khoa hoc va Céng nghé nhiét déi, S6 37, 03 - 2025 120
http://doi.org/10.58334/vrtc.jtst.n37.11



Nghién citru khoa hoc céng nghé

2. POI TUQONG VA PHUONG PHAP NGHIEN CUU
2.1. Héa chét, thiét bi

Tat ca cac hoa chat st dung 1 loai phan tich: dung dich HCl 36,5% (p.A,
Merck, Puc); mubi NaNO; khan (p.A, Merck, Puc); dung dich APTES 99% (p.A,
Merck, Btic); NaOH ran (p-A, Merck, Buc). Than hoat tinh gdo dura dang bot c6 pH
tir 6 - 9, kich thude tir 200 - 325 mesh, d6 4m < 5%) dugc mua tir Cong ty Co phan
dau tu xday dung va khai thac chuyén giao cong ngh¢ (Viét Nam). Nudc deion la
nude cat hai 1an duoc loc qua bo loc siéu tinh khiét co cot trao doi cation, anion va
mang loc 0,2 um dugc sur dung trong cac thi nghiém.

2.2. Tong hop vit li¢u

Céan 2g than hoat tinh cho vao cde thuy tinh chiu nhiét, thém 5 mL nudc deion,
15 mL ethanol 99%, 2 mL APTES. Khudy trong vong 5 gi' & nhiét d6 70°C, sau do ly
tam, thu chét rin va séy kho thu duoc vat liéu than phu APTES. 1 gam chét rin séy
kho s& dugc khudy véi 100 mL hydrochloric acid 0,5 M trong 2 gid khong gia nhiét,
sau do ly tam, séy khé chét rin thu duoc vat liéu than/APTES d3 duoc acid hoa.

Khuiy ¢ 70°C Ly tam, thu
trong 5h chit rin

Khudy véi Ly tam, thu

S0y Khio HCI trong 2h chit rin

S3y khé

Hinh 1. Quy trinh tong hop than hoat tinh/APTES
2.3. Khdo sat dic trung cua vét liéu

Hinh thai bé mat cta vat liéu duoc quan sat trén kinh hién vi dién to quét FE-
SEM S-4800 (Hitachi, Nhat Ban). Pho hong ngoai (IR) trong dai budc séng 1000
cm’ dén 4000 cm™ dugc ghi trén thiét bi IRAfftinity - 1S (Shimadzu, Nhat Ban).
Thanh phan caa vt liéu duoc phan tich qua phd tan sic ning luong tia X (EDS) st
dung thiét bi hién vi dién to quét Nova Nano SEM JEC - 3000FC (FEI). Dién tich bé
mit riéng cua vat liéu dugc xac dinh bang phuong phap BET trén thiét bi Tristar II
Plus, (Micromeritics, M¥). Dién tich bé mit ctia vat liéu duoc xac dinh qua thé Zeta
va dugc do trén thiét bj Zetasizer Ultra (Malvern Panalytical-Anh).

2.4. Phuong phap xac dinh ndng d NO5”

Pé xé4c dinh ndong do NOs™ trude va sau khi hap phy, tién hanh do d6 héap thu
quang ctia cac dung dich NO;3™ & budc song 203 nm trén thiét bi quang phd UV-VIS
(UV-1650 PC, Shimadzu, Nhat Ban) véi cuvet thach anh. Néng do NO;3™ duoc xac
dinh bang phuong phap dudng chuin.
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2.5. Nghién ctru hap phu NO5™ trén vt li¢u than hoat tinh/APTES

Cac diéu kién hap phu dugc khao sat bao goém: pH cua dung dich, khéi luong
chat hap phuy, thot gian hap phu va nong d6 NO; ban dau. Chat hap phu (0,02-
0,12g) duge cho tiép xuc v6i 10 mL dung dich NO3™ (pH 4+10) ¢6 ndng do ban dau
tir 10 dén 1000 mg/L. Sau d6, lic hdn hop trong khoang tir 5-180 phat. Thu ldy dung
dich trong sau khi hap phu va do d6 hap thu quang & budc séng A = 203 nm.

Hiéu suat hap phu (H %) duoc tinh theo cong thuc:

H (%) =—=x 100 % (1)
Dung lwong hip phu q. (mg/g) duqc tinh theo cong thuc:
ge (mg/g) = =2 x V (2)

Trong do: C 1a nf)ng d6 ban dau cia NO;™ (mg/L); C. la nong do NOs™ ¢ trang
thai can bang sau khi hap phu (mg/L); m 1a khoi luong cua vat liéu hap phu (g); V la
the tich cua dung dich NOs™ (L).

Céc thi nghiém dang nhiét sir dung khoang nong d¢ nitrat ban dau tr 10 dén
1000 (mg/L) 6 pH 7,0 va khoi lugng chét hap phu 0,05 g trong vong 60 phut. Cac thi
nghiém dong hoc duge khao sat trong khoang thoi gian tir 5 dén 180 phut v6i nong
do ban dau la 50 (mg/L) va ap dung cac di€u kién tuong tu vé pH, khoi lugng chat
hap phu nhu cac thi nghiém dang nhiét.

2.6. M6 hinh hap phu

Thyc hién khdo sat m6 hinh Langmuir va Freundlich cho cac nghién ctru dang
nhiét hap phu. M6 hinh hap phy dang nhiét Langmuir dugc st dung dé giai thich sy
h@p phu cua céc loai, khi trén bé mat chat ran, sau d6 dugc ap dung cho céac hé thong
hap phu dung dich ran [15].

— dm K1, Ce (3)

¢ 1+KLCe

Trong d6 qe la dung lugng hap phu tai thoi diém can bang (mg/g); qm 1a dung
luwong hap phu cuc dai (mg/g); Ky 1a hang s6 hap phu Langmuir (L/mg).
Mo hinh hip phu dang nhiét Freundlich dic trung cho dudong dang nhiét hip
phu da lop [16, 17].
ge=Ke Cr 4
Trong d6 Ky 1a hang sé hap phu Freundlich (L/g); 1/n 1a chi sé Freundlich.
2.7 M6 hinh déng hoc
M6 hinh déng hoc duoc sir dung 1a mé hinh biéu kién bac 1 va bac 2.
M0 hinh biéu kién bac 1:
Q= qe(1—ef) (5)
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Mo hinh biéu kién bac 2:
qékat
1+ qekzt

de (6)

Trong d6 t 1a thoi gian; ki, k; 14 cac hang s6 dong hoc.
2.8. Xir Iy mau thuc

Mau nuée sau khi 1ay can dugce xir 1y sém nhat c6 thé, biao quan & nhiét do
phong. Trude khi hip phuy, loc qua gidy loc dé loai bo cac tap chat rin cé trong dung
dich. Xéc dinh nong d6 NO;” trong mau, sau d6 tién hanh hdp phu miu tai cac diéu
kién hip phu téi wu (khdi lwong vat liéu 0,05 gam, pH 7, thoi gian hip phu 60 phut,
thé tich mau nudc 10 mL). Xac dinh ndng d6 NO;™ con lai trong dung dich bang
phuong phap phd hip thy phan tir UV-Vis st dung thude thir 4- flourophenol.

3. KET QUA VA THAO LUAN
3.1. Khao sat cac dac trung hoa, ly cia vat li€éu than hoat tinh/APTES
3.1.1. Xdc dinh thanh phéan nguyén to bang phé EDS

Két qua do phd EDS cho biét sy c6 mit ciia cic nguyén td c6 trong vat licu.
Pho EDS cuia than hoat tinh (Hinh 2a) cho thiy su xuat hién nhiéu nhat cta cacbon -
nguyén to cdu thanh than hoat tinh. Bén canh dé ciing xuét hién pic dic trung cua
nguyén t6 O, chimg minh di c6 su oxi hoa cua than trong qua trinh hoat hoa va tao
thanh cac nhém chitc -COOH va -OH trén bé mit. Dic biét, trong phé EDS cua than
hoat tinh/APTES (Hinh 2b), bén canh cac pic dic trung ctia 2 nguyén té C (68,18%),
0 (20,95%) con co su xuat hién cta cac pic dic trung cho 2 nguyén t6 nito (2,83%)
va silic (4,88%), chiing minh sy c6 mat cia APTES trong thanh phﬁn cua vat liéu.

3.1.2. Khdo sdt hinh thdi bé mdt bang SEM

CAu tric vi md cta than hoat tinh (Hinh 2c¢) va than hoat tinh/APTES (Hinh
2d) duoc thé hién trong anh chup SEM. Céc hat than hoat tinh kha déng déu véi
kich thuéc khoang 30 nm. Khi than dugc bién tinh bé mat bang APTES, kich thudc
ctia vat liéu khong thay ddi, cho thiy quy trinh bién tinh than hoat tinh bang APTES
khoéng 1am thay ddi céu triic vi mé cua vat liéu. Tuy nhién bé mit than sau khi bién
tinh nhdn hon, c6 thé do 16p phui cia APTES trén bé mit.

3.1.3. Khdo sdt nhém chikc bé mdt bang phé hong ngoai

Quan sat pho hong ngoai cta than hoat tinh (Hinh 2e), ta thdy c6 su xuét hién
ctia dinh hap thy & vi trf tai 3351 em’ dic trung cho dao dong cia nhém O-H. Pinh
hép thu xudt hién & vi tri 1710 cm’! dac trung cho lién két C=0, con dinh hép thu tai
1583 cm™ 1a dao dong cua lién két C=C vong thom. Ngoai ra, sy xuit hién cua dinh
hap thu ¢ vi tri khoang 800 cm™ chimg té c¢6 sy xuit hién ctia dao dong ngoai mat
phang ctia lién két C-H ciia vong thom.
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Sau khi than hoat tinh duoc bién tinh v6i APTES, trén phé héng ngoai cua vat
li¢u (Hinh 2f) ngoai cac dinh déc trung cta than hoat tinh, xuét hién cac dinh & vi tri
486; 671 cm™ biéu thi cho dao dong cua lién két Si-O-Si; dinh ¢ 2941 cm™ dic
trung cho dao dong cuia lién két C-H lai hoa sp’ trong APTES. Mit khac, cac dinh
moi xuat hién ¢ 3304 cm™; 671 cm™ va 1465 cm™ twong tmg v6i dao dong cia N-H,
C-H va Si-C, chting t6 APTES da duoc bao phu trén bé mit cua than hoat tinh.

3.1.4. Xdc dinh di¢n tich bé mdt bang phwong phdp do thé Zeta

bé tiép tuc chimg minh sy amin hoa bé mit cua than hoat tinh béng viéc bién
tinh v6i APTES, tién hanh xac dinh dién tich bé mit ciia vat liéu bang phuong phap
do thé Zeta (Hinh 2g). Khi chua bién tinh, bé mit than hoat tinh mang dién tich 4m
tuong g voi thé Zeta 1a -22,77 mV. Dién tich 4m nay gy ra do sy dé proton hoa
cua cac nhom chic -OH, -COOH tao thanh do qua trinh oxi hoa trén bé mat vat liéu.
Sau khi bién tinh voi APTES, dién tich bé mat tang tir -22,77 mV 1én -12,58 mV, ¢6
thé do cac nhom -NH, trén bé mit dd thé chd cho cac nhom carboxylic. Dang cha ¥
1a sau khi vat liéu duoc acid hoa bang HCl manh, bé mit vat liéu chuyén tir dién tich
am sang dién tich dwong, tuong tmg véi su dao chiéu thé zeta tir -12,58 mV sang
+26,84 mV. Su dao chiéu dién tich bé mat nay gay ra do cac nhém -NH; khi do da
bi proton hoa thanh cac nhom -NH;" mang dién tich duong. Viéc bién ddi dién tich
bé mit cua than hoat tinh tir 4m sang duong dong vai trd rat quan trong trong viéc
hap phu anion NO;” théng qua twong tac tinh dién/ trao di ion.

3.1.5. Xdc dinh di¢n tich bé mdt bang phwong phdip BET

Trong phwong phap hip phu, do qué trinh hip phu xay ra trén bé mat vat liéu
nén dién tich bé mat cua vat liéu 1a yéu t6 anh huong rat 16n d&én dung luong hip
phu. Dé 1am 13 hon vai tro ctia viéc bién tinh APTES dén sy thay d6i dién tich bé
mit, tién hanh xac dinh dién tich bé mat cta than hoat tinh va than hoat tinh/APTES
bing phuong phap Brunauer-Emmett-Teller (BET). Két qua do cho gia tri dién tich
bé mat riéng cua than hoat tinh va cua than hoat tinh/APTES lan luot 13 6563 m?%/g
va 522,4 m¥g. Nhu vy viéc bién tinh vat lidu than hoat tinh bang APTES khong
lam tang tham chi con lam giam nhe dién tich bé mit cta than hoat tinh, c6 thé do su
bao phii ciia 1 16p mong APTES trén bé mat than hoat tinh lam giam d6 xdp cia vat
lidu. Két qua nay phu hop voi quan sat vé cau trac vi mo thong qua anh SEM nhu da
dua ra & Muc 3.2.2. Cung véi két qua do thé Zeta & muc 3.1.4, két qua nay ciing cho
thdy viéc bién tinh bang APTES chil yéu c6 hiéu qua trong viéc thay doi dién tich
chtr khong phai trong viéc thay d6i dién tich bé mat cta vat liéu.
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3.2. So sanh sy hip phu cia than hoat tinh, than hoat tinh/APTES va than
hoat tinh/APTES acid hoa

Tién hanh so sanh kha nang hép phu nitrat ciia 3 vét li¢u than hoat tinh, than
hoat tinh/APTES va than hoat tinh/APTES acid hoa dé ching minh qua trinh bién
tinh vat liéu 1a can thiét dé nang cao kha ning hap phuy nitrat. Két qua so sanh hiéu
suat hip phu NO;3™ (0,1 gam vat liéu; ndng d6 NOs 50 ppm, thoi gian hap phu la
1gid) cho théy, trong 3 loai vat li¢u, vat li¢u than hoat tinh khong bién tinh c6 hiéu
suit hap phu thap nhat 1a 3,7%; vat liéu than bién tinh trude khi acid héa cho hiéu
suat 1a 4,5% va vat li¢u than bién tinh sau khi acid héa cho hi¢u sudt vuot troi la
91,6%. Didu nay cho thiy: i. viéc bién tinh bé mit than hoat tinh bang APTES sau
d6 acid hoa co tac dung rd rét trong viée ting kha ning hap phu NOs’; ii. Thay doi
dién tich bé mat tir d6 thiic ddy tuong téc tinh dién/trao d6i ion c6 vai trd quan trong
nhét trong viéc ting cudng kha ning hap phu NOs™ cua vat lidu.

3.3. Nghién ciru cac dic trung hdp phu cia NOs trén than hoat
tinh/APTES

3.3.1. Anh huong ciia pH

pH c6 thé 1a mot yéu td quan trong dbi v6i kha ning hap phu néu bé mat vat
liéu hip phu va chat hip phu c6 dién tich phu thuéc nhiéu vao pH. Tuy nhién khi
khao sat kha nang hap phy NO; cta vat lidu than hoat tinh/APTES & cac diéu kién
pH khac nhau tir 4 dén 10, nhan thay khong c6 sy thay doi dang ké (Hinh 3a). Hiéu
sudt hap phu NO;” dat gié tri cao nhit Hyay = 91,7% tai pH = 7, sau d6 c6 xu hudng
giam nhe xung quanh gia tri 87-88%. Hiéu suét hap phu giam co6 thé duoc giai thich
do ¢ pH cao, bé mat vat liéu mang dién tich am do hép phu cac ion OH’; luc déy
gitta OH" va NO3™ lam gidm kha nang hép phu ctia NO3' 1én vat liéu. Tuong tu, NO3~
1a anion cta acid manh nén dang t6n tai ciing khong chiu sy anh huéng ctia pH. Anh
huong khong dang ké cua pH dén hiéu suit hap phy c6 vu diém la khong can phai
diéu chinh pH khi xir 1y cac mau thyc té c6 pH c6 thé thay ddi trong khoang rong tir
4 dn 10. Tuy nhién, dé thong nhit diéu kién do, trong cac thi nghiém tiép theo
chung t6i sé lua chon pH hap phu 14 7.

3.3.2. Anh huéng ciia khoi liwong vit ligu

Khéi lugng vat liéu ciing 13 mot yéu td anh hudng 16n dén qua trinh hap phu
NOs™ thong qua viée quyét dinh sb trung tim hap phu trén bé mat vat lidu. Nhu c6
thé thiy trén Hinh 3b, khi thay doi khdi luong vat liéu tir 0,02 dén 0,12g, hiéu suét
hap phu c6 xu hudng ting do ting s6 luong cic trung tim hap phu trén bé mat vat
liéu. Khi khéi lwong vat liéu 16n hon 0,05g, hiéu suat hap phu c6 hién tuong bio
hoa, tuong tmg véi viée toan bd luong NOs™ dd duge hap phu 1én hét cac trung tim
hép phu trén bé mat vat liéu. Do d6, 0,05 g duogc chon 1a khéi lugng vat liéu hép phu
t6i wu cho cac thi nghiém tiép theo.
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3.3.3. Anh huwéng ciia thoi gian hip phu

Anh huong cua thoi gian hap phu dén hiéu suat hép phu duoc khao sat trong
khoang tur 5 -180 phut (Hinh 3c). Tt d6 thi quan sat thdy dung luong hap phu tang
khi tang thot gian hép phu tur 5 dén 60 phut, sau d6 dung luong hap phu hau nhu

khong thay d6i va dat dén can bang. Vi vay, trong cac thi nghiém tiép theo, thoi gian
hap phu ti wu dugc chon 14 60 phut.

3.3.4. Kha nang tai swr dung vt liéu

Tién hanh danh gia kha ning tai st dung cua vat lidu voi hai tac nhén ria giai
NOs™ 1a dung dich NaOH 0,1M va dung dich HCI 0,1M trong khoang thoi gian 30
phat. Két qua cho thay dung dich HC1 0,IM c6 kha nang rua giai vat liéu t6t hon so

véi NaOH 0,1 M. Sau 5 1an ria giai bang HC1 0,1M va tai hap phuy, vt lidu van c6
hiéu suat hap phu xap xi 80%, cho thay tiém ndng tai sir dung tot (Hinh 3d).
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Hinh 3. Céc yéu tq(‘) anh huong dén kha nang hép phu NO5’ cua vét lidu: (a) Anh
huong cua pH; (b) Anh huong cua khoi lugng vat li€u; (¢) Anh huong cua thoi gian
hap phy; (d) Anh huong cua so6 lan tai st dung
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3.4. Nghién ctru cAc md hinh hip phu
3.4.1. M6 hinh ding nhigt hip phu

Pé xéc dinh sy hép phu NOjs™ trén vat li€u than hoat tinh/APTES tuan theo mé
hinh Langmuir hay Freundlich, tién hanh khao sat méi quan hé gitra nong do va
dung luong hdp phu NO; trén vat lidu. Biéu dién s liéu anh huéng cia nong do
NO; ban dau theo hai mé hinh hap phy dang nhiét ph6 bién 1a mé hinh Langmuir va
mo hinh Freundlich (Hinh 4a).

= qge
—— Langmuir ] /
- - - Freundlich 2 Y A Mb hinh biéu kién béc 1
€ 8.4 ! I—— M0 hinh biéu kién bac 2|

T T T T T T T T T T 1
0 200 400 600 800 1000 0 20 40 60 80 100 120 140 160 180 200
Ce (ppm) Thoi gian (phut)

(@) (b)

Hinh 4. (a) Pudng ding nhiét Langmuir va Freundlich; (b) M6 hinh biéu kién béc 1
va bac 2

Bang 1. Thong s ciia phuong trinh cia mé hinh hp phu

Nitrate
Mo hinh Langmuir Mo hinh Freundlich
Su phu thugc cia Ce | y=0,0181x + | Sw phu thudc Logq. | y=0,4172x +
vao Ce/qe 0,4777 vao LogCe 0,6246
Qn 55,21 (mg/g) Kr 4,230 L/g
K¢ 0,0379 (L/mg) I/n 0,4172
R? 0,99 R? 0,87

Két qua thu duoc cho thdy hé sb twong quan ctia md hinh Langmuir va
Freundlich lan luot la R?= 0,99 va R’= 0,87, cho théy su hép phu NOj trén vat liéu
1a hap phu don 16p va tudn theo mo hinh dang nhiét Langmuir. Dung luong hép phu
cuc dai dugc tinh todn dya trén mo6 hinh Langmuir 1a Q,, = 55,21 mg/g. Trong do:
Qm la dung luong hép phu cyc dai, Ky la hing sb Langmuir thé hién mirc do 4i luc
giita chat hap phu va bé mit chat hap phu. Ky la hang s0 Freundlich thé hién dung
lwong hip phu va 4i luc ciia bé mit d6i voi chit bi hip phu. n 1a sé mii dic trung cho
mirc d6 khong dong nhit cta bé mit va cudng do cla qua trinh hap phu. Khi so sanh
gi4 tri nay véi cac vat liéu khac duge st dung dé hap phu NOs™ (Bang 2), c6 thé thay
dung lugng hap phu cia vat liéu cao hon twong ddi so véi cac vat liéu khac nhu, Xi
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thép (6,15 mg/g); Poly(vinyl alcohol)/ lignin bac 4 (5,75 mg/g); Chitosan/PEG
(50,68 mg/g) va chitosan/PVA (35,03 mg/g); Than hoat tinh bién tinh polymer
cationic (26 mg/g), cho thay kha ning hap phuy cua vat liéu 1a twong ddi tot, co tiém
nang tmg dung dé xir Iy cac miu nudce trong thyc té.

Bing 2. Dung luong hap phu NO;™ ctia mot s6 loai vat lidu trong cac nghién ctru

khac nhau
Vit liéu Qn TLTK
Nhua trao d6i anion tir tinh 76 mg/g [8]
Xi thép 6,15 mg/g [9]
Than cay ngod (cellulose) 13,60 mg/g [10]
Vat ligu cellulose bién tinh voi
epichlorohydrin 158,3 mg/g [12]
Poly(vinyl alcohol)/ lignin bac 4 5,75 mg/g [13]
50,68 mg/g
. C - (Chitosan/PEQG)
Chitosan/PEG va chitosan/PVA 35.03 mg/g (14]
(Chitosan/PVA)
Than hoat tinh blep tinh polyme 26 mg/g [15]
cationic
Than hoat tinh bién tinh A s
APTES 55,21 mg/g Nghién ctru nay

3.4.2. Nghién ciru mé hinh dong hoc hap phu

Céc thong sé dong hoc cung cip thong tin quan trong vé qué trinh hap phu dé
lua chon céc diéu kién hép phu tdi wu. Phan tich 2 mo hinh dong hoc biéu kién bac
mot, bac hai va lga chon mé hinh phu hop nhét dua trén hé sb twong quan. Két qua
cho thiy hé sb twong quan cia mé hinh biéu kién béc hai 14 0,91, 16n hon nhiéu so
v6i hé s6 twong quan cia mo hinh biéu kién bac mét 1 0,59 (Hinh 4b). Nhu vay qua
trinh hap phu tuén theo mo hinh biéu kién bac hai va su hip phu x4y ra trén 2 trung
tam hap phu; nghiéng vé& hap phu hoa hoc nhiéu hon hip phu vat 1y.

3.5. Ap dung xir Iy miu nuéc hd

Vit liéu than hoat tinh/APTES dugc sir dung dé xir 1y loai bé NO3™ trong mot
s6 mau nude ho thude khu vue Ha Noi. Két qua hiéu sult xur ly loai bo NOj™ ctia céac
mau nudc du’oc thé hién trong Bang 3. Sau khi xu 1y bang vat liéu than hoat
tinh/APTES, nong d6 NO;™ trong mau nudc hd Phtic Ly giam tir 10,5 ppm xuong
con 0,2 ppm (tuong tng v6i hidu suat xir 1y 1a 95%). Cac mau nude ho khac déu
giam dudi LOD cuia phuong phap 1a 0,05 ppm. Cac két qua nay cho thay co thé sir
dung vat liéu than hoat tinh/APTES vao tng dung trong xur ly nudc thai, dac biét
trong xir 1y c4c anion gy 6 nhiém nhu NO;".
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Bang 3. Hiéu qua xtt Iy NO5™ trong mot s mau nudc ho sir dung vat liéu

than/APTES
Tén miu [NO;7] trweée xir 1y (ppm) [NO; | sau xir ly (ppm)
Nudce ho Tay Tuu 32 0,05
Nudc hd Phic Ly 10,5 0,2
Nude H6 Guom 1,64 0,05
Nudc HO Tay 2,4 0,05

4. KET LUAN

Nghién ctru da tong hop thanh cong than hoat tinh/APTES véi cac nhom -
NH, trén bé mit va mang dién tich duong sau khi dugc acid hoa, diéu nay dugc xac
nhan bang cac phép do IR, EDS, thé Zeta, BET. Cic nhom amin trén bé mit than
hoat tinh dugc proton hoa tao twong tac tinh dién voi anion NOs™ va giup cho than
hoat tinh bién tinh v6i APTES hap phu NO5™ t6t hon rit nhiéu so véi than hoat tinh
khong dugc bién tinh. Vat liéu bién tinh nay hap phy anion nitrat v6i dung lugng
hap phu cuc dai cao 1a 55,21 mg/g. Ngoai ra, vat liéu nay c6 thé tai sir dung nhiéu
lan va c6 tiém nang tmg dung trong xur 1y nudc thai, dic biét 1a dé loai bo cac anion
gdy 6 nhiém nhu NO;.
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SUMMARY

ADSORPTION CHARACTERISTICS OF NO;” ON AMINE GRAFTED
ACTIVATED CARBON USING APTES

In this study, activated carbon was amine-grafted with (3-Amineopropyl)
triethoxysilane (APTES) for nitrate adsorption enhancement. Material
characterizations by SEM, F-TIR, EDS, Zeta potential measurement, etc.
demonstrated the successful amine graft on the activated carbon surface, leading to a
charge reversal of the material surface from negative to positive and a superior
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increase in the NOs™ adsorption capacity in comparison with that of bare activated
carbon. At the optimal conditions: pH 7, adsorption time of 60 minutes, and
adsorbent material of 0.05g, the maximum adsorption capacity of the modified
material is relatively high, gqmax = 55.21 mg/g. The adsorption of NOs3™ on the
material followed the Langmuir isotherm model and pseudo-second-order kinetics,
suggesting that the adsorption included both physical and chemical adsorption
processes. When desorbed with 0.5M HCI as the eluting solution, the material could
be reused at least 5 times with an adsorption efficiency of ~ 80%. The synthesized
material was applied to remove NO;3™ in some lake water samples in Hanoi with a
removal efficiency of ~ 95%.

Keywords: Activated carbon, APTES, nitrate adsorption.
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