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TOM TAT

Nghién citu nay danh gia hiéu qua bé nitrat ra khéi nudc ctia than sinh hoc (TSH) duoc san xuat
tir canh thanh long. TSH duoc san xudt tir qua trinh nhiét phan & 450°C trong 120 phut ¢6 hinh
thai bé mat tho, xop va khong dong nhat, phu hop véi tmg dung hap phu. Khi st dung 3,0 ¢ TSH
c6 duong kinh hat khoang 0,054 - 0,105 mm trong 50 mL dung dich chita 80 mg/L nitrat & diéu
kien pH 2, thoi gian tiép xuc 60 phut va nhiét do phong thi kha ning hap phu toi da ctia TSH la
1,25 g nitrat/1 g TSH véi hiéu suat loai bo nitrat 1a 93,4%. Anh huong manh cta pH dung dich téi
hiéu suét hap phu thé hién thong qua viéc hiéu suat gidm dang ké khi pH dung dich ting, tir do
lam néi bat vai tro ctia Iuc hat tinh dién gitra bé mat TSH tich dién duong (dwéi PZC 7,6) va cac
anion nitrat. Qua trinh hip phu nitrat tuan theo mo hinh ding nhiét Langmuir (q,,,, = 1,437
mg/g) va dong hoc bac hai, chimg t6 co ché cha yéu 1a hap phu héa hoc. Nghién citu nay gop
phan 1am ro tiém nang tmg dung cta phu phdm nong nghiép trong xit Iy nitrat, déng thoi dé xuat
huéng stt dung TSH sau hdp phu nhu phan bén cham gidi phong, phtt hop véi mo6 hinh nong
nghiép tuan hoan.

Tt khoa: Jon nitrat, hap phu, canh thanh long, than sinh hoc, xir Iy nutéc thai,

1. DAT VAN DE Luong canh thanh long duoc thai hang nam uoc
' tinh khoang 12 - 15 t4n va hién nay chua c6 huong
xit Iy phtt hop nham han ché 6 nhiém méi truong
va tan dung nguén phu phdm nong nghiép. Trong
khi do, nhu cau xuét khiu thanh long dang ngay
mot ting. Cac két qua nghién ctru cho thay, TSH
c6 ngudn goc tir canh thanh long nung & 450 -
550C ¢6 ham luong cac bon cao (> 60%), chia
nhiéu nguyén t6 khoang thich hop stt dung lam vat
chiém 14,3% ty trong [1 - 3]. Tuy nhien, trong qua lieu hap phu chat thai dét nhuém va kim loai nang

trinh cham soc, khi cay thanh long dat do tudi tir 4 [2,3].

nam tudi tré lén sé xudt hién nhimg canh, be Bén canh d6, chin nuéi ciing co6 vai trd quan
khong hitu dung va thuong duoc loai bé, cit tia trong cho su phat trién kinh té - x4 hoi va gép phan
lien tuc dé dam bio kha nang don anh sang. XOa doi, gidm ngheo & dong bang song Ciu Long.

Tai khu vuc Nam bo, diac biét 1a ving dong
bang song Ctru Long, noi cé hé sinh thai da dang
va trit lwong thuc vat phong phd, viéc tin dung cac
loai thuc vat dia phuong dé nghién ctru va san xuat
vat liéu hap phu nhu than sinh hoc (TSH) nhim xt&
1y nuoc thai va hap phu cac chat 6 nhiém dang thu
hat sy quan tdAm ngay cang lon. Hién nay, thanh
long 1a trai cay xuat khiu l6n nhat Viét Nam,
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Tuy nhién, hién nay viéc gia ting s6 lugng vat nuoi
dé tang hiéu qua kinh té da tao ra mot luong 16n
chat thai dong vat bao gdm phan va nuoc tiéu gia
suc, gia cam giau nito (urea, amoni), phan hay
thanh nitrat va gay 6 nhiém nguon nuéc. Do ion
nitrat c6 do hoa tan trong nudc cao va khong thé
lien két tot voi cac hat dat nén ion nitrat cé thé dé
dang xam nhap vao nudc ngdm va nudc mat. Nong
d0 nitrat cao tich tu trong céc ao, ho gay ra moi de
doa tiém tang d6i voi hé sinh thai dudi nuéc (hién
tuong phu duong) va stic khoée con nguoi. Viéc
udng nudc cé6 néong do nitrat qua cao sé vo hiéu
hoa hong cau, diac biet 1a & tré em, gay ra tinh
trang methemoglobinemia dan dén tr vong [4 - 6].

Hién nay, cac phuong phap phé bién dé loai
bé nitrat du thira trong nudc bao gom phuong
phép sinh hoc va hap phu. Mic du phuong phép
sinh hoc c6 hiéu suit cao va loai bd nitrat triét dé
nhung ciing tiém 4n nguy co nhiém vi khuén va
thuong bi anh hudng béi cac diéu kién bén ngoai
dan dén hiéu qua khong 6n dinh. Nguoc lai, hap
phu 1a mot phuong phap phé bién va hiéu qua,
ngay cang thu hut duoc nhiéu su chu y vi thiét ké
va van hanh don gian, tng dung rong rai, hiéu qua
cao va kha nang tai hap phu t6t. Dac biét, ngudn
vat liéu hdp phu ciing rat da dang va phong phu,
trong d6 TSH tit phu phdm ndong nghiép dang la
mot vat lieu hap phu c6 tiém nidng lon nho tinh sdn
o, ré tién va khong doc hai [2 - 8]. Mat khac, co
thé stt dung TSH sau khi hdp phu nitrat nhu mot
nguon dinh duong dobi dao bé sung cho dat. Cac
nghién ctu trude da ching minh riang, TSH chira
nito c6 thé kéo dai thoi gian giai phong chat dinh
duong va cho thdy tidc dong tich cuc dén sinh
trudng va nang sudt cay trong trong nam thit 2 va
3 [8].

Do d6, nghién cttu nay duoc thuc hién nham
tiép tuc nghién cttu khao sat kha niang hap phu ctia
than tir canh thanh long trén chat 6 nhiém nitrat
trong ngudén nudc thai chan nuodi. Muc tiéu cta
nghién ctu 1a danh gi4 kha ning hap phu nitrat
trong nuoc ctia TSH san xuét tir canh thanh long
thong qua cac yéu t6 anh hudng nhu: pH dung
dich, khoi luwong than, thoi gian va nong do nitrat
ban dau. Tt do, nghién ctru gép phan phat trién
mot phuong phap tiét kiém, hiéu qua dé xt ly

nitrat phtt hop véi diéu kién thuc té dia phuong.
Huéng tiép can nay khong chi phtu hop voi diéu
kién kinh té - xa hoi dia phuong, ma con gép phan
thuc d4y mo hinh xtt Iy nudc thai bén vimg, tan
dung hiéu qua tai nguyén ban dia. Trén quan diém
vé moi truong, viec stt dung TSH c6 ngudn goc tir
cac loai phu phdm nong nghiép gitp giam ganh
ning cho moi truong, déng thoi TSH sau hap phu
nitrat da duoc st dung hiéu qua dé cai tao dat va
lam phan boén, day 1a tng dung hap phu ndi bat
ctia TSH so véi cac chat hap phu cé sin khac.

2. PHUONG PHAP NGHIEN CUU

2.1. Nguyén liéu va hoa chat

Trong nghién ctu nay, canh thanh long thu
duoc sau khi cai tao vueon tai phuong Long An, tinh
Tay Ninh duogc st dung dé san xuat TSH theo cac
nghién cttu trude day [2, 3]. Pac tinh cta TSH tao
thanh sé dugc xac dinh théng qua cac phan tich
hinh thai bé mat va diém dién tich bing khong
(PZC). Két cau bé mat va do xop cia TSH duoc
xac dinh boi kinh hién vi dién tr (SEM, Thermo
Fisher Scientific, Hoa Ky) va may do do x6p hap
phu khi Surfer (Thermo Fisher Scientific, Surfer,
Hoa Ky). pH dang dién duoc xac dinh bing
phuong phap dich chuyén c6 bé sung mudi; cho
0,1 g TSH vao 6 coc rieng biét chita 50 mL dung
dich NaCl1 0,1 M c6 pH lan luot 14 2, 4, 6, 8, 10, 12.
Dung dich duoc khudy 120 vong/phut trong vong
24 gi¢r & nhiét do phong. Ngoai ra, tinh chat bé mat
ctia vat lieu duoc nghién cttu trén may quang phd
hong ngoai bién déi FTIR (Fourier-transform
infrared spectroscopy) trén thiét bi Thermo
Scientific, model Nicolet iS5, Hoa Ky trong viing
budce song 400 - 4.000 cm’.

Nudc thai gia dinh chira nitrat duoc pha ché tir
KNO, (Xilong, Trung Quéc). Cac hoa chat: NaOH
va HCl duoc dung diéu chinh pH dung dich, axit
salicylic dung dé tao phttc voi nitrat c6 xuat xt
Merck, Dtic. Nudc cat 2 1an dung dé pha loang hoa
chat.

2.2. Phuong phap ché tao than sinh hoc

Dua vao cac két qua nghién ctu cta Tran
Tuyét Suong va cs (2023) [2]; D6 Hai Sam va cs
(2023) [3], vat lieu nghién ciu TSH thu duogc bing
phuong phéap nhiét phan canh thanh long trong 10
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nung voi murc gia nhiét 10°C /phut cho dén 450°C
va luu & 450°C trong 10 nung 2 gi¢. Nhiét do 450°C
duoc Iua chon san xuat than boi day 1a gia tri nhiét
d6 dam bao su can bang gitta san xuat than cé hiéu
qua hip phu cao trong diéu kién nhiét do 10 nung
khong qua cao, giam tiéu thu nang luong. Sau
nung, than duoc lam nguodi tv nhién tai nhiét do
phong va duoc nghién va ray trong khoang kich
thuoce 0,054 - 0,105 mm.

2.3. Thi nghiém hap phu nitrat

Qua trinh hap phu nitrat duoc khao sat bing
cach st dung phuong phap luan phién tirng bién
dé xac dinh diéu kién t6i wu cho qua trinh hip
phu. Nghién ctru tién hanh khéo sat cac yéu té anh
hudng: (1) khoéi luong TSH: 0,5, 1, 2,3, 4,5 g; (2)
thoi gian hdp phu: 0, 15, 30, 45, 60, 90, 120, 150
phut; (3) nong do nitrat ban dau (tinh theo N): 20,
40, 60, 80, 100, 120 mg/L; (4) gia tri pH dung dich:
2,4, 6, 8, 10, 12. Cac thi nghiém hap phu thuc hién
tren may lic (Jeio Tech, model 0S-2000, Han
Quéc) véi toc do lic 1a 150 vong/phut & nhiét do
phong. Néng d¢ nitrat ban dau va sau qua trinh
hap phu duoc xac dinh bang phuong phap do
quang phd dung axit sunfosalicylic tai budc song é
=410 nm st dung may UV-Vis spectrophotometer
(Thermo Scientific, model Evolution 350, Hoa Ky).

Luong nitrat hap phu trén khoi luong than tai
thoi diém can bang (q., mg/g) va tai thoi diém t
(q, mg/g), hiéu suat loai bod nitrat (H%) duoc tinh
toan lan luot theo cac phuong trinh (1), (2), (3):

g, = ﬁ %V )
g. = Llfr XV ©
H% = % X 100 ®

Trong do: m (g) 1a khai luong than; V (L) 1a
thé tich dung dich hap phy; C,, C. va C, (mg/L)
lan luot 1a nong @6 nitrat tai thoi diém ban dau,
thoi diém can bang va thoi diém t.

Mo hinh ding nhiét

Can bang hap phu nitrat tréen TSH duoc danh
gi4a voi 2 mo6 hinh hdp phu phd bién 1a mo hinh
dang nhiét Langmuir (phuong trinh 4) va ding
nhiét Freundlich (phuong trinh 5) dya trén nghién

ctru khao sat anh huéng ctia néng do nitrat ban
dau trong dung dich hap phu [4].
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Trong d6: q,.,, 12 dung luong hap phu cuc dai
(mg/g); K, 1a hang s6 hap phu Langmuir (L/mg)
dic trung cho 4i luc ctia tam hap phu; K (mg®
Um 10 oY) va 1/n 1a cac hing s6 ctia phuong trinh
déng nhiét Freundlich.

Pong hoc hap phu

bong hoc hap phu dugc xay dung dua cac
nghién cttu 4nh huéng ctia thoi gian hap phu dén
hiéu suat hip phy, 1a mot thong sé6 quan trong
trong viéc ap dung cac qua trinh hap phu vao xit ly
nudc thai, béi vi moé hinh dong hoc hap phu c6 thé
duoc st dung dé du doan toc do tach loai chat 6
nhiém khoi dung dich nuéc. Cac moé hinh thuong
duoc st dung d€ mo td anh hudng ctia diac tinh
hoa li va pha di thé dén nghién cttu dong hoc: Biéu
kién bac 1, biéu kién bac hai [4, 7].

Phuong trinh dong hoc biéu kién bac 1:

qg. = QE(l_ exp—k':) (6)

Phuong trinh dong hoc biéu kién bac 2:

e ™

1+gakqt

q. =

Trong do: k, 1a hang s6 toc do hap phu biéu
kién bac 1 (ph™); k, 1a hing s6 toc do hap phu biéu
kién bac hai (g/mg.ph).

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. bic tinh ctia than sinh hoc

3.1.1. Cau triic bé mdt cia than sinh hoc

Két qua do dién tich bé mat riéng thé hién &
bang 1 va hinh 1 cho thay, TSH duoc san xuat ti
canh thanh long c6 dién tich bé mit riéng va kich
thuoc 16 x6p lan luot 1a 23,53 m?/g va 18,58 nm.
Dai phan b6 mao quan cua than tir 2 - 20 nm.
Nghién cttu trudc day da chi ra ring, mao quan
trung binh 13 kich thuéc 1y tudng cho nhiéu qua
trinh hap phu va hap thu vi n6 cho phép cac chat
khuéch tan dé dang hon so voi mao quan siéu nho
[4,7].
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Bang 1. Mot s6 tinh chat Iy hoa ctia TSH duoc sin xudt tir canh thanh long

Dién tich bé mit Kich thuoc Cac bon Oxy (%) Clo S biém ding dién
riéng (m?/g) 16 x6p (nm) %) YW | ® (pH,,)
23,53 18,58 74,61 21,59 2,8 0,98 7,6

Hinh thai bé mat thé hién qua anh SEM & do
phong dai khac nhau trong hinh 2 cho thdy vat
lieu hap phu c6 cdu tric dang thd, go ghé va kich
thuéc khong déong déu. Cau tric nay 1a do thanh
phan chinh cta than gdém: Lignin, cenlulose va
hemicenlulose. C4u truc hinh thai twong tu cta
TSH tit canh thanh long c6 thé tim thdy trong cac

80
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T
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g

Ap suét twong ddi (P/Po)

nghién ctu lién quan dén TSH c6 ngudn goc tir
cay xuong rong [2, 9]. Két qua thanh phan hoa
hoc TSH (SEM-EDX) trinh bay & bang 1 cho
thdy, than co6 thanh phan chinh 1a c4c bon, ngoai
ra con c6 6xy nim & cac nhom chic — bé mit nhu
hydroxyl, carboxyl, carbonyl, mét s6 nguyén to
khéac nhu: C}, S...

0,020

(b)
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Hinh 1. (a) Duong ding nhiét hap phu va gidi hdp N, & 77K va (b) phan bg kich thudc 16 xdp theo
phuong phap BJH

20 um |
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Hinh 2. Hinh anh SEM ctia TSH & d6 phéng dai: (a) 2.000x va 30.000x

3.1.2. Nhom chire va diém ding dién cia TSH

Pho FTIR ctia TSH duoc quét trong viing dao
dong tir 4.000 - 400 cm™. Hinh 3a cho thiy, trén bé
mit than ton tai dao dong ctia cac nhom O-H
(3.413 cm?) c6 trong alcohol, phenol va axit
cacboxylic. Cac dai séng tai 1.423 cm™, 1.089 cm™,
872 cm lan luot biéu thi sw c6 mat ctia nhém chirc

ceton (-C=0), cacboxylate (-COOH) va -C-H. Cac
két qua nghién ctu trude day cho thiy, ho vat lieu
nay c6 kha nang hap phu rat t6t nitrat do tuong tac
gitra cac nhom chitc chtra 6xy trén bé mat than voi
cac phan t nitrat [4, 7].

Két qua & hinh 3b cho thdy, TSH c6 pH,,
khoang 7,6. Diéu nay co6 nghia la duéi pH 7,6, bé
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mat cht yéu mang dién tich duong do proton hda,
trong khi trén pH 7,6 su khtt proton tao ra bé mat
mang dién tich am. Tinh chat dién tich bé mat nay
rat quan trong do6i voi sw hdp phu cac hop chat
anion NO; von chiém wu thé trong diéu kién axit.
bién tich duong ctia TSH & pH < 7,6 tao diéu kién

(@)

O-H
(3.413)

-C=0
(1.423)

-COOH
(1.089)

¥

Do hiap thu

Ed

C-H
(872)

4000 3.500 3.000 2.500 2.000 1.500 1.000 500
S6 song (em™)

cho luc hat tinh dién véi cac anion nay, giup tang
hiéu qua loai bd. Quan sat nay phu hop véi két qua
FTIR trong hinh 3a, cho thdy cac nhom chic oxy
héa gép phan hon nira vao qua trinh hap phu nitrat
thong qua tuong tac tinh dién va phan tmg 6xy hoa
khtr.

(b)

7,6

2 4 6 8
pH ban diu

Hinh 3. (a) Phd FTIR va (b) pH déng dién ctia TSH

3.2. Anh hudmg cac yéu t6 dén hdp phu

Hinh 4a cho thdy, khi ting khoi luvong than ti
0,5 g lén 3,0 g, dung luong hap phu giam tir 2,38
mg/g xudng 1,32 mg/g, hiéu suat tang nhiéu tir
23,8 - 79,2% voi nong @0 NON ban dau la 100
mg/L va thoi gian hap phu 120 phut, twong tmg voi
st tang cac tAm hoat dong khi khoi luong chat hap
phu ting [4, 8]. Méi lién hé nghich ddo nay c6 thé
phat sinh tir viéc stt dung khong day da céac vi tri
hoat dong & khoi luong than cao hodc su két tu cac

100 3,0
I Hiéu suat hap phy (%) (a)
- - - Dung luong hap phu (mg/g) 55
g 80 - . y
2 \“I 2,0
60 - ---
Q ~
e ‘~ 1,5
& 40 4
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]
@
I 20+ o5
L

05 1 2 3 4 5
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hat 1am giam dién tich bé mat hap phy, dan dén
Iuong nitrat hap phu trén mot don vi dién tich lai
giam [8]. Hiéu suat hdp phu sau d6 ting khong
dang ké va 6n dinh khi luong chat hap phu tiép tuc
tang > 3,0 g, cho thdy d4u hiéu cta hién tuong bao
hoa hay chong 14p cac vi tri hap phu. Do d¢, liéu
Iuong toi wu vé chi phi vat lieu 1a 3,0 g than, hiéu
suat va dung luong hap phu ctia TSH lan luot 1a
79,2% va 1,32 mg/g.

20
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Hinh 4. Anh hudng ctia (a) khéi lugng than, (b) thoi gian hdp phuy, (c) néng d6 NON, (d) pH dung dich
dén qua trinh hdp phu nitrat trong nuéc

Nguoc lai, voi tang khoi luong vat lieu, hinh 4b
minh hoa qua trinh hip phu nitrat lén TSH duoc
thuc hién v6i NOy-N ban dau 12 100 mg/Lva 3,0 g
TSH. Két qua cho thdy, khi thoi gian hap phu ting
thi hiéu suat hap phu va dung luong hap phu nitrat
ciing tang theo. Trong khoang thoi gian khao sat
ttr 15 - 150 phut, hiéu suat hap phu ting nhanh & 30
phut dau, sau do ting dan va gan nhu 6n dinh tu
60 phut va hiéu suat dat gia tri trong khoang 78 -
79%. Tuong tu, dung luong hip phu ciing gan nhu
khong dd6i, dao dong quanh muc 1,30 - 1,32 mg/g.
Su chitng lai nay cho thdy qua trinh hap phu da
tién dan dén trang thai can bing hap phu, phan 16n
cac tam hap phu da bi bao hoa va toc do hap phu
giam manh [2, 4, 8]. Tir géc d6 ung dung thuc té,
thoi gian hadp phu khoang 60 phut dugc x4c dinh 1a
thoi gian t6i wu dé dat hiéu suat loai bo nitrat cao
ma khong kéo dai thoi gian van hanh khong can
thiét.

Ngoai ra, két qua khao sat qua trinh hip phu
voi nong do nitrat ban dau thay déi tir 20 - 120
mg/L khi st dung 3,0 g TSH trong 60 phut. Hinh
4c cho thay, khi néng d¢ nitrat tang thi dung luong
hép phu ting tir 0,33 - 1,37 mg/g con hiéu suat hap
phu gidm dan tir 99,3% xuong 68,2%. Xu huéng nay
1a do so luong vi tri hoat dong c6 sin co dinh trén
khoi luong TSH khong d6i, ndong do ban dau cao
hon dan dén qua trinh bao hoa vi tri nhanh hon, do
d6 1am giam kha niang hdp phu nitrat. D€ dat duoc
dung luwong va hiéu suat hap phu dong thoi cao,
néng do NO;N thich hop duoc chon trong khoang

20 - 80 mg/L. Tai nong do NO;-N 80 mg/L, dung
lwong va hiéu suat hap phu dat 1,08 mg/g va 81%
tuong tng. Thong thuong, nudc thai nong nghiép
hoac thiy san c6 néng do NO,N nim trong
khoang 50 - 120%mg/L, viec chon 80%mg/L gilip
mo phoéng sat thuc té hon va kiém dinh hiéu ning
ctia than trong diéu kién gan voi nguong 6 nhiém
phdé bién [10].

pH dung dich 1am thay déi tinh chat bé mat
cta chat hap phu, do d6 sé anh hudng nhiéu dén
viec loai bd ion nitrat. Hinh 4d trinh bay anh
hudng cta pH dung dich trong diéu kién st dung
3,0 g TSH trong 50 mL NO4,-N 80 mg/L & 60 phtt,
hiéu suat loai bé cao nhat 93,4% va kha niang hap
phu 1,25 mg/g dat duoc & pH 1a 2. Khi pH tang ti
2 - 12, hiéu sudt va dung luong hap phu déu giam.
Két qua nay duoc giai thich, 1a do trong moi
truomg axit, TSH bi proton hoéa, khi d6 bé mat cta
hat seé tich dién duong lam tang luc hut tinh dién
gita cac ion H* trén bé mat than va ion nitrat tich
dién am, tuy nhién khi pH ting dan, mat do tich
dién duong gidm dan va cac ion OH- canh tranh
can tré su hap phu. O gia tri pH trong khoang 2 - 4,
kha nang hip phu nitrat twong déi tot, voi hiéu
sudt va dung luong hip phu twong tng dat > 90 va
khoang 1,2 mg/g. Két qua tuong tu ciing cé trong
nghién cac ctu lién quan dén hap phu nitrat [6, 7].

Céc thi nghiém khao sat khéi luong vat liéu,
thoi gian tiép xtic, nong do ban dau va pH dung
dich duoc tién hanh dé xac dinh diéu kién t6i wu
cho qua trinh hap phu nitrat (Bang 2).
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Bang 2. Piéu kién t6i wu ciia qua trinh hap phu nitrat bang TSH
Thong 6 mloagi khao Gid tri t6i wu Hiéu Slz?/(.)‘; loai bo Dl;l}lfl 1grlqg§$ap
Khoi luong (g) 0,5-5,0 3,0 79,3 1,32
Thoi gian (phut) 15-150 60 79,0 1,30
Néng do NO[J- -N (mg/L) 20 - 120 80 81,0 1,08
pH dung dich 2-12 2-4 93,4 1,25

3.3. M6 hinh dong hoc qua trinh hap phu
nitrat 1én than

bong hoc qua trinh hdp phu dugc danh gia
thong qua 2 mo hinh dong hoc biéu kién 1a bac
nhat va bac hai dua vao két qua nghién cttu anh
hudng cta thoi gian hap phu. Cac két qua duoc thé
hién trong hinh 5 va bang 3 cho thdy, mo6 hinh
dong hoc biéu kién bac hai pht hop hon voéi dix
lieu thuc nghiém. Két qua tinh toan cac thong s6 &
bang 2 ciing cho thdy, gia tri q. tinh theo phuong
trinh dong hoc biéu kién bac hai (1,40 mg/g) gan
voi gia tri q. xac dinh tir thuc nghiém (1,44 mg/g)
hon va gia tri R? = 0,9916 vuot troi hon mo hinh bac
mot (R?=0,7687). Gia tri R? twong d6i cao trong mo
hinh dong hoc bac 2 cho thdy, mé hinh mo ta
thanh cong dong hoc loai bod nitrat bing phuong
phap hap phu. Diéu nay cho thay, téc do hap phu

duoc kiém soat boi hap phu héa hoc va kha nang
hap phu ty lé thuan véi s6 luong vi tri hoat dong
tren chat hap phu. Két qua nay ciing twong dong
voi két qua cac nghién cttu sw hdp phu nitrat lén
TSH c6 ngudn goc tir chat thai nong nghiép [5],
canh cay tao [7], ba mia [8].
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:
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06!
thdn
e Thyc nghiém

- == =M5 hinh déng hoc bac 1, R2 = 0,7687

0,4
M& hinh déng hoc bac 2, R2 = 0,9916

!
0,2

0,0

o 20 40 60 80 100 120 140

Theoi gian (phut)
Hinh 5. Phuong trinh dong hoc hap phu biéu kién
bac 1vabac2

Bang 3. Céc gi4 tri k va q. tinh theo phuong trinh déng hoc biéu kién bac mot va bac hai

. R e k, k, 2

Phuong trinh dong hoc (mg/g) (1/phit) (g/mg.phit) K
Bac1 0,66 0,015 - 0,7687
Bic 2 1,40 0,512 0,9916

Bén canh d6, ding nhiét ctia qua trinh hap
phu nitrat duoc danh gia qua hai mo hinh hap phu
phd bién 1a mo hinh dang nhiét Langmuir va dang
nhiét Freundlich dua trén két qua nghién cttu anh
hudéng ctia néong do nitrat trong dung dich ban
dau. Két qua & bang 4 cho thdy, qua trinh hap phu

nitrat ciia TSH tuan theo mé hinh hdp phu ding
nhiét Langmuir (hdp phu don 16p) khi mic do
tuyén tinh dat gia tri R? 0 0,9849 va dung luong
hap phu cuc dai dat 1,437 mg/g. Két qua nghién
ctru nay pht hop véi mot s6 két qua nghién ctru vé
dung vat lieu TSH hap phu nitrat [7, 8].

Bang 4. Cac thong s6 dong hoc trong phuong trinh Langmuir va Freundlich

M6 hinh Langmuir M6 hinh Freundlich
Uuax (Mg/g) | K; (L/mg) R® n_ | K @"/2) | Gy (Mg/2) R’
1,437 0,291 0,9849 3,874 1,294 2,804 0,9776

4. KET LUAN

TSH tir canh thanh long c6 kha niang hap phu
nitrat hiéu qua trong nuéc. Qua trinh hip phu tuan
theo mé hinh dong hoc gia bac hai va dung luong

NONG NGHIEP VA MOI TRUONG - KY 1 - THANG 12/2025

hap phu cuc dai dat 1,437 mg/g theo mo6 hinh
Langmuir. Khi dung 3,0 g TSH da ché tao dé xit ly
50 mL dung dich nitrat 80mg/L & diéu kién tdi wu
la pH 2 - 4, thoi gian tiép xdac 60 phut va nhiét do
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phong thi kha nang loai bo nitrat 1an luot 1a 1,25
mg nitrat/1 g TSH v6i hiéu suét loai bd nitrat >
90%. Két qua nay mé ra trién vong cho viéc tmg
dung phu phidm néng nghiép canh thanh long dé
loai bo nitrat trong nudc bi 6 nhiém va dinh huéng
tmg dung than chta nitrat sau hip phu lam phan
bén cham cho cay trong. Dong thoi, nghién ctu
g6p phan cung cap phuong phap méi va hieu qua
trong xtt ly phu phdm canh thanh long, thay thé
nhimg phuong phap xtt ly rac thai truyén thong
theo thoi quen nhu phuong phap dot truyén thong,
chon 14p... gay 6 nhiém va lang phi nguén phu
pham nong nghiép. Két qua nghién cttu gép phan
cung cap co s& thuc nghiém va thuc ddy viec tiép
tuc phat trién, toi vu héa va tng dung cac TSH co
ngudn goc tir phu phdm nong nghiép trong cac nd
luc kiém soat 6 nhiém va bao vé moéi truong rong
hon trén toan cau.
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ADSORPTION OF NITRATE BY BIOCHAR PREPARED
FROM THE FRUIT DRAGON BRANCHES (Hylocereus sp.)
Tran Tuyet Suong!, Huynh Thi Mai Anh? Do Hai Sam?, Thai Phuong Vu?
! [nstitute for Sustainable Development Studies,
Hochiminh city University of Natural Resources and Environment
? Faculty of Environment, Hochiminh city University of Natural Resources and Environment
*Faculty of Application Science, Hochiminh city University of Natural Resources and Environment
Abstract
The present study evaluated the nitrate removal efficiency in aqueous solution using biochar
(BC) produced from the fruit dragon branches. The BC produced through pyrolysis at 450°C for
120 minutes, exhibited a rough, porous and heterogeneous surface morphology, making it
suitable for adsorption applications. Optimal adsorption conditions were achieved at a pH of 2, 3.0
g of biochar having particles size of 0.054 - 0.105 mm, a contact time of 60 minutes, 50 mL initial
nitrate concentration of 80.0 mg/L and room temperature, yielding an adsorption efficiency and
adsorption capacity of 93.4% and 1.25 mg/g, respectively. The strong influence of solution pH on
adsorption efficiency was demonstrated by a significant decrease in efficiency as the pH solution
increased, highlighting the role of electrostatic attraction between the positively charged biochar
surface (below the point of zero charge (PZC) of 7.6) and the nitrate anions. The adsorption
process followed the Langmuir isotherm model having q,, of 1.437 mg/g and the pseudo-
second-order kinetic, indicating that chemisorption was the dominant mechanism. This research
contributes to elucidating the potential for using agricultural by-products in nitrate treatment and
proposes using the post-adsorption biochar as a slow-release fertilizer, aligning with the circular
agriculture model.
Keywords: Nitrate, adsorption, fruit dragon branches, biochar, wastewater treatment.
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