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Tom tat: O nhiém ngudn nude boi nitrat dang tré thanh van dé quan trong trong
thoi gian gan day. Nitrat tuy khong gay doc nhung lai ¢ thé chuyén hoa thanh nitrit va
gay ra tac hai nghiém trong cho stic khoé con ngudoi. Mot trong nhitng phuong phap
loai bo nitrat hiéu qua 1a sir dung vat liéu hap phu. Muc tiéu caa nghién ciu nay 1a
danh gia kha ning hap phu nitrat trong nuéc thai biogas bang than sinh hoc tram dugc
nung & 700°C. Céc dic tinh vat ly va héa hoc cua than sinh hoc tram dugc xac dinh
bang nhiéu phuong phap, bao gdm k¥ thuat hién vi dién tar (SEM) va do dién tich bé
mat Brunauer-Emmett-Teller (BET). Nong d6 nitrat dugce do bang may quang pho UV
¢ bude song 660 nm. Két qua nghién ctiru cho thay qué trinh hip phu nitrat dat téi wu
khi pH = 4 véi khdi lugng than 1 1 g, thoi gian hip phu dat can biang sau 15 phat. Dt
liéu thi nghiém phu hop véi cac md hinh hip phu dang nhiét khac nhau (mé hinh
Langmuir, md hinh Freundlich). Dung luong nitrat hip phu cuc dai cua than tram theo
Langmuir la 15,5 mg/g.

Tir khoa: Hap phy; than sinh hoc; biogas; tram:; nitrat.

1. Giai thiéu

Trong nhitng ndm gan day, chin nudi quy mo 16n ¢6 vai tro trong yéu trong phat
trién kinh té néng nghiép. Tuy nhién, viéc gia tang sb luong vat nuéi dé tang hiéu qua
kinh té da tao ra mot luong 16n chat thai dong vat. Lugng chét thai nay, du da qua xir ly
(ham biogas) nhung chua dat quy chuan, dugc thai vao séng hd, gay nén tinh trang 6
nhiém nguén nuac, trong do dac biét nghiém trong la 6 nhiém nitrat. Ion nitrat c6 d6 hoa
tan cao, do do6 rat kho dé loai bo nitrat ra khoi nudc. Nong do nitrat cao tich tu trong cac
a0, ho s& tao nén hién tuong pha dudng, pha hiy hé sinh thai cua cac ving nudc ngot,
lam suy giam chat lwong ngudn nudc [1-2]. Khi nudc cd ndng do nitrat trén 45 mg/L
dugi dang NOs™ hodc trén 10 mg/L dudi dang N-NOs thi khong thé dugc str dung lam
nudc udng [3] Vi, cac phan ung trao d6i chat bén trong co thé ngudi s chuyén hoa nitrat
thanh cac hop chét doc hai nhur nitrit va nitrosoamines. Khi nong do nitrat cao hon murc
gidi han cho phép s€ gay ra chang methemoglobln huyét hoac hoi chung tré em xanh,
lam tang ty I tir vong & tré so sinh, di tat bam sinh, ung thu, tang huyét p... Tré so sinh
de méc bénh hon do tiéu thu nhiéu nitrat qua nudc udng so véi ngu’ol I6n [4-5]. Vi vay,
can phai c6 bién phap dé quan ly ngudn chat thal nay. Hién nay, nhiéu phuong phap da
dugc ap dung nham loai bo nitrat ra khoi nguén nuéc, trong d6 phuong phap hap phu
ngdy cang dugc chd y rong rdi vi don gian, hiéu suét cao, gia thanh ré va dé tng dung
vao thuc tidn. Cac vat liéu chinh duoc s dung 1am vat liéu hap phu dé loai bo nitrat
thuong 14 zeolit va than sinh hoc. Céc nghién ctru gan ddy da chi ra rang than sinh hoc c6
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kha ning hap phu NOs™ tir dung dich. Than b4 ngd 600°C c6 thé hip phu NO3™ véi mot
lwong 1,4-1,5 mg N/g [6]; than sinh hoc bién tinh tir b4 mia 600°C c6 thé hap phu NO3
t6i da dén 28,21 mg N/g [7]. Ngay cang cd nhiéu cdng trinh nghién ctru céng nhan tiém
nang hap phu nitrogen cua than sinh hoc va ung dung than sinh hoc trong kiém soat 6
nhiém ngudn nuéc.

Trong nghién ciu ndy, mot loat thi nghiém da duoc thuc hién nham danh gia kha
nang hp phu nitrat tir nuéc thai biogas (nudc thai dau ra caa hé thong khi sinh hoc) bing
than sinh hoc tram nung ¢ 700°C. Tram duoc chon 1am nguyén liéu dé san xuat than sinh
hoc vi cay tram 1a ngudn tai nguyén ddi dao, cé sin, dé tim va gia thanh ré & Bong bang
séng Ciru Long. Cac két qua nghién ciu duogc trinh bay & day nham cung cip co so cho
viéc ung dung than sinh hoc trong cac dy an k§y thuat xu Iy 6 nhiém nudc trong thuc tién.

2. Vit li¢u va phwong phap nghién ciru

2.1. Vat ligu nghién caru

Tram dung dé tao than thudc gidng tram ta (Melalueca cajuputi PoWell), c6 tudi
tir 3-4 nam duoc thu mua tir rieng tram thudc huyén U Minh Thueng, tinh Kién Giang.

Nudéc thai biogas dugc lay tai ho 6ng Nguyén Vin Binh, 4p Nhon Thanh, xi
Nhon Nghia, huyén Phong Dién, thanh pho Can Tho. Nudéc thai biogas sau khi thu ve da
duoc bo tri thi nghiém chuyén hoa NH;" thanh NOs™ dé 1am tiang nong do NOs™ ¢c6 trong
nudc thai biogas nham danh gia kha nang hap phu NOj3™ cta than tram. Thong so do dac
nudc thai biogas dugc chuyén hoa dugc trinh bay ¢ Bang 1.

Bang 1: Thong sé do dac nwdc thdi biogas diegc chuyén hoa

EC DO NOs | NH,” | NO, | PO
(uS/cm) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
8 2385 5,14 400 0,2 0,4 2.47

Hoa chat NaOH va HCI (xuét xi Merk, Duc) dugc ding dé thay d6i pH dung dich.

pH

2.2. Phwong phap nghién curu

2.2.1. Quy trinh san xudt than tram trong phong thi nghiém

Nguyén liéu dugc xur ly sach, loai bo 16p vo ngoai, cit thanh doan nho, sau d6
duogc cua ra thanh mac, mac cua dugc dua vao may nghién (co6 kich thuéc 16 0,5 mm)
nghién thanh bot min. Bot tram sau khi nghién dwoc cho vao khudn ép, ép thanh vién c6
duong kinh 5 mm va chiéu dai 10 mm. MAu ép vién dugc dem sdy ¢ 105°C cho dén khi
khéi lwong khong d6i rdi duogc luu giit trong binh hit am. Mau sinh khéi dwoc can va cho
vao 10 nung VMF- 165 (Yamada Denky - Nhat Ban), nung & 700°C va gitr trong 2 gio.
Lo nung VMF- 165 gia nhiét trong méi truong khi tro (khi nito) véi te d6 10°C/phiit.
Sau khi qué trinh nung két thiic, mau than dugc dem ra dé ngudi trong binh hat am, can
va tinh ning suét than theo cong thic (1).

Ning suat than: NS (%) = (m,/m1)*100 (1)

my: Trong lwgng mau truéc khi nung (g);

m,: Trong lwong mau sau khi nung (g).
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2.2.2. Mot 56 tinh chdt cia than tram
Mot sb tinh chat 1y - hoa cia than tram dd duoc mé ta & nghién ctu trude [8],
dugc trinh bay ¢ Bang 2.

Bang 2: Tinh chat cia than tram 700°C

Ning suit than (%) 26,75
Ham lugng tro (wt.%qp ) 3
Ham luong cacbon c6 dinh (Wt.%q,) | 72,88
Ham luong chat bay hoi wt.%qp 17
Do am (wt.%qp) 4,98
VM/FC 0,26
CIN 312,79
HHV (MJ/kg) 26,98
pH 8,67
EC (uS/cm) 146,3
CEC (cmolc/kg) 15,12
Chi s6 hip phu iod (mg/g) 178
Nguén: [8]

Ngoai ra, than tram con chira cac nguyén té (%) sau: C (85%), H (30%), N
(<0,5%), O (<1,5%) va mot luong 16n cac nguyén té khoang (g/kgqp) trén bé mit than
nhu Si (9,2), P (2,3), Ca (16,4), K (7,8), Na (2,9), Mg (4,1), Al (3,3), Fe (6,5), Cu (57),
Zn (41,4). Két qua tir phd FTIR cho thay than tram chara luong I6n cdc nhdm chuac O-H,
C-H, C=0, C-H, C=C, C-O-C. [8]. Tu két qua nghién ctru trude nhan thay than sinh hoc
tram c6 nguon gdc tir cay tram ¢ Dong bang song Cuu Long, nung ¢ 700°C thich hop sur
dung 1am vat lidu hap phu vi c6 dién tich bé mat 16n (chi s6 iod = 178 mg/g), CEC cao
(15,12 cmolc/kg) va sé luong Ién nhém chic, dac biét 1a nhom O-H, nhém chuc chinh
lién két véi ion NO3™ trong dung dich nuéc.

2.2.3. Xac dinh hinh thai, cdu tric va dién tich bé mat than tram

Hinh théi va ciu tric cua than tram dugc xac dinh bai kinh hién vi dién tir Hitachi
TM-1000 tai Truong Pai hoc Can Tho va S-4800 Vién Khoa hoc Vat liéu Ung dung,
Vién Han 1dm Khoa hoc va Cong nghé Viét Nam.

Dién tich bé mat caa than duoc do bang may Quantachrome Instruments
version 11.0 tai Vién Khoa hoc Vat liéu Ung dung, Vién Han 1am Khoa hoc va Cong
nghé Viét Nam.

2.2.4. Xac dinh pHy,c cuia than tram

Str dung dung dich NaOH 0,1 M va HC1 0,1 M dé diéu chinh pH ban dau (pH)
cua dung dich NaCl 0,1 M sao cho gia tri pH tuong (ng vaéi tri s6 pH tir 2 dén 12. Can
0,05 g than tram cho vao céc 6ng ly tdm c6 thé tich 50 mL, sau d6 cho vao 50 mL dung
dich NaCl 0,1 M sau khi d& diéu chinh pH. Hon hop duoc lic trén may lic ngang trong
24 gio vai toe a6 lac 220 vong/phit, sau do duoc loc bang gidy loc c6 duong kinh 16 45
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um dé tach va loai bo than, tiép theo do gia tri pH sau (pHy). Tinh gia trj ApH (ApH =
pHs - pH;), diem giao nhau cta duong cong (ApH) va pH; chinh la pHy,c cta than tram &
700°C [7].

2.2.5. Khao sét kha ndng hap phu nitrat cua than tram

Thi nghiém duoc bd tri trong phong thi nghi¢m thudc Khoa Mai truong va Tai
nguyén thién nhién, Truong Dai hoc Can Tho, v6i 5 lan 13p lai. Dung dich biogas thu vé
duoc loc dé loai bo cac chit ran. Cac nhan té anh huéng dén qua trinh hap phu nitrat cta
than tram nhu pH dung dich, khdi lwong than, thoi gian hap phu va nong do nitrat ban
dau duoc xéac dinh theo cac phuong phép sau:

Khdo sat danh hwong cua pH dung dich 18n khd nang hdp phu nitrat

Pha lodng dung dich biogas dé dat nong do nitrat theo yéu cau 1a 50 mg/L, cho
vao cac ong ly tam c6 thé tich 50 mL. Tiép theo, ding dung dich NaOH 0,1 M va HClI
0,1 M de chuan pH cho tung ong twong ung Vei tri s6 pH tir 2 dén 11 [7]. Sau do, cho
Va0 moi ong 0,5 g than tram rdi dem hdn hop lac trén may lic ngang Ikalabortechnik voi
toc do lac 220 vong/phat trong 2 gid. Sau do, hdn hop duoc loc bang gidy loc c¢é kich
thudc 16 45 pm dé tach than ra khoi dung dich. Hon hop sau loc duoc pha lodng 50 lan
va dem phan tich nitrat bang may so mau quang phé UV Hitachi-U2900 [7].

Luong nitrat hap phu trén 1 gam than tram va hiéu suat hap phu cua than duoc
tinh theo c6ng thirc nhu sau:

(Co—Ce)V

Luong nitrat hap phu trén 1 gam than tram: g, = —

(2
(Co— CE)IOO% (3)
0

Trong d6: m (g) & khdi luong than; Co (mg/L) 12 nong do NO3” trude khi hap phu;
Ce (mg/L) 12 ndng do NO3 sau khi hap phy; ge (mg/g) 1a dung lugng NO3 hap phu trén 1
gam than; V (L) la thé tich dung dich hap phu; H (%) 1a hiéu suét hap phu [7], [9], [10].

Khao sat anh hirong cia khoi liong than tram dén kha nang hdp phu nitrat

Pha lodng dung dich biogas dé dat ndng do nitrat theo yéu cau 1a 50 mg/L, ding
dung dich NaOH 0,1 M va HCI 0,1 M dé chuan pH dung dich vé pH 4 (két qua tir thi
nghiém pH). Can than tram véi khéi lugng lan luot 0,05 ¢; 0,1 9; 0,259;0,59;19; 1,5 g
sau d6 cho vao cac ong ly tm c6 thé tich 50 mL rdi tiép tuc cho vao 50 mL dung dich
biogas trén. Hn hop sau d6 duoc lac trén may lac ngang voi tée do lic 220 vong/phat
trong 2 gio. Tiép theo, hdn hop dugc loc bang gidy loc ¢o kich thudc 16 45 pm dé tach
than ra khoi dung dich. H3n hop sau loc duoc pha lodng 50 lan va dem phan tich nitrat
bang may so mau quang phd UV Hitachi-U2900. Luong nitrat hap phu trén 1 gam than
va hiéu suét hap phu duoc tinh theo cdng thic (2) va (3) [7].

Khao sat anh hirong cua thoi gian 18n kha ndang hap phu nitrat

Pha lodng dung dich biogas dé dat ndng do nitrat theo yéu cau 1a 50 mg/L, ding
dung dich NaOH 0,1 M va HC1 0,1 M dé chuan pH dung dich vé pH 4. Can 1 gam than
tram (két qua tir thi nghiém khéi luong) cho vao cac ng ly tam ¢ thé tich 50 mL, tiép
theo cho vao céc ong ly tdm 50 mL dung dich nitrat. Hon hop duoc lac trén may lac
ngang lkalabortechnik véi téc d6 Iac 220 vong/phut trén cac mic thoi gian khac nhau lan
luot 1a 2 phat, 5 phat, 10 phat, 15 phat, 30 phat, 60 phat, 90 phat, 120 phat, 240 phut va

Hiéu suat hap phu cua than tram: H =
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360 phit. Sau d6, hon hop duoc loc bang gidy loc co kich thudc 16 45 um dé tach than ra
khoi dung dich. Hon hop sau loc duoc pha lodng 50 1an va dem phan tich nitrat bing may
so mau quang phd UV Hitachi-U2900. Luong nitrat hap phu trén 1 gam than va hiéu suét
hap phu dugc tinh theo cong thuc (2) va (3) [7].

Khdo sat anh hirong cia nong dé dung dich 1&n kha ndng hap phu nitrat

Pha lodng dung dich biogas, dung dung dich NaOH 0,1 M va HCI 0,1 M dé chuén
pH dung dich bing 4. Can 1 gam than tram cho vao éng ly tdm chira 50 mL dung dich
biogas c6 cac mirc ndng do Ian luot la 1 mg/L; 5 mg/L; 10 mg/L; 20 mg/L; 40 mg/L; 50
mg/L; 100 mg/L; 200 mg/L; 250 mg/L; 400 mg/L. Han hop duoc lic trén may lic ngang
Véi toe do lic 220 vong/pht trong thoi gian 15 phut. Sau do, hdn hop dugc loc bang gidy
loc ¢6 kich thudc 16 45 um dé tach than ra khoi dung dich. H3n hop sau loc duoc pha
lo&ing tir 50-400 lan va dem phan tich nitrat bang may so mau quang phd UV Hitachi-
U2900. Luong nitrat hap phu trén 1 gam than va hiéu suat hip phu duoc tinh theo cong
thiec (2) va (3) [7].

Mo hinh Langmuir va Freundlich dugc sir dung dé phan tich dit liéu thuc nghiém
cho duong dang nhiét hap phu. Cac phuong trinh Langmuir va Freundlich c6 thé duoc
viét nhu sau:

M®& hinh Langmuir:

bCelmax
Qe(r) = % (4)

Trong d6: Gey(My/g) 1 dung lugng hap phu tng véi nong do Ce; dmax (MY/) 12
dung luong hap phu cuc dai don 16p; Ce (Mg/L) 1a nong do chat bi hip phuy ltc can bang;
b 14 hang s6 can bang hap phu [6], [7].

M® hinh Freundlich:

ey = krC, c" (5)

Trong do: ger)(MY/g) 12 dung luong hap phu tng véi nong do Ce; ke 1a hang sb
Freundlich déc trung cho kha nang hap phu cua vat liéu dbi voi chat bi hap phu; n 1a
tham sb cuong do Freundlich, cho biét cuong do cua dong luc hap phu hoic sy khong
dong nhat bé mat [6], [7].

2.3. Phwong phdp tinh todn va xir 1y sé ligu

S ligu duoc tinh toan va xu ly bang phan mém Microsoft Excel 2010, dugc phan
tich phuong sai (ANOVA) va kiém dinh Duncan dé so sanh su khac nhau gitra trung binh
cac nghiém thirc ¢ do tin cay 95% thong qua IBM SPSS 20.0.

3. Két qua thao luan

3.1. Tinh chadt vgt Iy, héa hec ciia than tram

3.1.1.Vi hinh thai than tram

Hinh SEM 1a mot k¥ thuat hién vi dugc sir dung dé xac dinh hinh thai cau trac vat
1y cta cac chat ran. Qua anh SEM (Hinh 1) c6 thé nhan thay c6 nhiing thay d6i dang ké
v€ madt hinh thai trén bé mat cua mau tram trudc va sau qua trinh nhi¢t phan. Mau tram
nguyén li¢u c6 bé mat nhan, cau truc tich hgp, khong bi x4o trdn vi cac 16 rong da bi che
khuat bdi chat hiru co; trong khi do than tram ¢ 700°C c¢6 bé mat ghd ghé, cau tric gan
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glong nhu t6 ong vi trén bé mit da mora nhleu 16 rdng va vét nit von 1a Vet tich cta céc
c4u trac hinh 6ng ban dau c6 ngudn gdc tir t& bao thuc vat. Nhing 16 rong nay co thé
duoc tao ra tur sy phan huy nhié¢t cua xenlulo va hemixenlulo va dé lai thanh té bao con
chira mét ty 18 16n lignin. Két qua twong tu ciing dugc tim thiy ¢ nghién ctru cua cac tac
gia trude [11-13].

CTuU1246 2018/03/13  17:00 L x500 200um  CTU1200 2018/11/20 1321 L x500 200 um

Hinh 1: 4nh SEM (a) G4 tram trieéc khi nung (200 pm);(b) Than tram 700°C (200 um)

Hinh 2: Anh SEM (a) Than tram 700°C (10 pm); (b) Than tram 700°C (3 um)
3.1.2. Kich thidre, thé tich 16 xop va dién tich bé mat (BET)
Céac dic diém bé mat chinh cta than tram duoc trinh bay ¢ Bang 3.

Bang 3: Pj xop va dién tich bé mdt cia g6 tram truede khi nung va than tram 700°C

Miu Dudng kinh trung T(R)nig thé t3ich 16 | Dién tich b% mit
binh 16 xop (nm) xop (cm°/g) (BET) (m“/g)
G0 tram 1,66 0,013 10,37
Than tram 700°C 1,23 0,14 283,9

Kich thudc cta 16 xdp dugce tinh biang dudng kinh cua éng xbp. Theo tiéu chuin
ctia TUPAC thi kich thuéc 16 xdp duoc chia ra 1am ba loai: 16 micro ¢ kich thugc nho
hon 2 nm, 16 meso ¢6 kich thudc tir 2-50 nm va 16 macro ¢ kich thudc tir 50 nm tré 1én.
Két qua tir Bang 3 cho thdy ca 2 mau gd tram va than tram 700°C déu chira cac 16 micro
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vi kich thuéc 16 ctia chiing nhé hon 2 nm (theo tiéu chudn phan loai cia IUPAC). Cau
trac 16 x6p trén bé mit than sinh hoc néu duoc sip xép mot cach hop 1y, sé lugng 16
micro nhiéu s& lam tang dién tich bé mat cua than [11]. Than tram ¢ 700°C c6 dién tich
bé mat (BET) cao gip 28 1an va c6 do xop cao gap 10 lan so voi go tram. Sy khac biét
16n nay la do sau khi nung than tram c6 cau tric rong xop voi nhleu mao quan nho nhu
da duoc trinh bay ¢ Hinh 1, vi thé di lam ting dién tich bé mat va tong thé tich 15 xdp.

3.1.3. pHpyc cuia than tram

Hinh 3 cho thay gia tri pHp,c cuia than tram la 6,5. pszc 1a pH tai diém c6 dién
tich bang khong trén bé mit than. Xac dinh PHpzc cua than c6 ¥ nghia quan trong dbi 2
qua trinh hap phu vi khi pH cua dung dich nhé hon pHpy thi than sinh hoc s& hap phu tot
cac ion am nhu N03 . CI', SO,%, PO, .. nguoc lai khi pH cua dung dich 16n hon pHp,c
s& hap phu t6t ddi voi cac ion duong nhu NH4 ,Na*, K*, ca*"... [7], [10].

2 4

14

pHf - pHi

pHi

Hinh 3: pHyc ciia than tram

3.2. C4c nhan té danh hwéng dén kha nang hép phu nitrat cia than tram

3.2.1. Anh huong cua pH dung dich

Anh huong ciia pH dung dich 1én kha ning hip phuy nitrat cta than tram duoc
trinh bay & Hinh 4.

Qua trinh hap phu nitrat cta than tram c6 thé dugc chia 1am 3 giai doan. Giai
doan 1 khi pH dung dich tang tir 2 dén 4, lugng nitrat hap phu ting dan tir 2,92 mg/g dén
3,51 mg/g (p<0,05), dong thoi hiéu suat hap phu ciing ting dan tir 61,6 % lén 78,3%
(p<0,05). O giai doan 2, khi pH dung dich ting tu pH 4 dén pH 9 thi luong nitrat hap phu
dugc co xu huong giam chdm tir 3,51 mg/g xudng con 3 mg/g, hidu suat hap phy clng
giam tu 78,3% xudng 68,9% (p<0,05). Pén giai doan 3, luong nitrat hép phu giam rat
nhanh tir 3 mg/g & pH 9 xudng 0,7 mg/g & pH 11; hiéu suat hap phu ciing giam manh tir
68,9% xudng 19 %. Nhu vay, c6 thé két luan tai pH 4 ¢6 luong nitrat hap phu dat cuc dai
la 3,51 mg/g va hiéu sudt hap phu ciing dat cao nhat véi 78,3%. Diéu nay co thé giai
thich 1 do khi pH thip, bé mit than sinh hoc mang dién tich dwong (do tich trit nhiéu ion
H") 1am tang lyc hut tinh dién giita cac ion H' trén bé mit than va cac ion NO;” trong
dung dich [7]. Nguoc lai, khi pH dung dich cao s& chira nhiéu ion OH", dan dén su canh
tranh gitra cac ion NO3 va c4c ion OH™ két qua 1a 1am giam kha ning hap phu nitrat cta
than tram [14]. Két qua twong tu ciing duoc trinh bay bai cac tac gia trude [7, 15, 16].
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Mait khac, do pHpZC cua than tram la 6,5 cho nén khi pH dung dich thip hon pHpzc cua
than tram dé giup than tram c6 kha nang hép phu tdt cac ion 4m nhu ion NO3. Qua
nghién ctru ¢6 thé thay pH 1a mot trong nhiing yeu t6 quan trong anh huong dén qua trinh
hap phu nitrat trong nuéc va chi phéi qué trinh hap phu do n6 c6 thé lam thay déi dién
tich bé mat vat liéu.
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Hinh 4: Anh hwong cia pH dén kha néing hap phy nitrat cia than tram
3.2.2. Anh hwong cua khoi lwong than

, Hinh 5 cho thdy hiéu suét hap phu nitrat tang khi tang khoi luong than tir 0,05 g
den 1,5 g (p<0,05). Nghiém thuc 1,5 g ¢o higu suat hap phu cao nhat (98,8 %); higu suat
hap phu thap nhat ¢ nghiém thuc 0,05 g (22,9 %). bicu nay cd the giai thich: viéc tang
khoi luong than da lam tang so luong 16n vi ;n’ hép phu trén bé mat than sinhﬂh(_),c, lam
tang su !ién ket vaéi ion NOs/, dan dén hiéu suat hap phu, nitrat tang. Tt d6 co thé ket luan
rang khoi luong vat liéu hap phu ty I¢ thuan véi hiéu suat hap phu. Két qua nay hoan toan
phu hop véi nghién cau cua [7, 17, 18].
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Hinh 5: Anh hwong ciia khoi lwong dén kha nang hdp phu nitrat cia than tram
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Nguoc lai, lwong nitrat hap phu duoc trén 1 g than lai ¢6 xu huéng giam khi ting
khéi lugng than sinh hoc tir 0,05 g dén 1,5 g. Lugng nitrat hip phu cuc dai véi 13 mg/g &
nghiém thire 0,05 g va dat thap nhat véi 1,9 mg/g & nghiém thac 1,5 g (p<0,05). Trong
khi @6, & nghiém thirc 1 g, lugng nitrat hap phu dugc 1a 2,3 mg/g (khéc biét khong y
nghia thong ké véi nghiém thirc 1,5 g). Tir két qua trén, mac khéi lugng 1 g s& duoc
chon cho céc thi nghiém tiép theo dé tiét kiém nguyén liéu. Luong than ting 1én quéa
nhiéu s& thuc ddy sy canh tranh hap phu nitrat trén bé mat than. P4y 13 nguyén nhan dan
dén luong nitrat hap phu trén mot don vi dién tich giam [16-18]. Két qua nghién ciru cho
thiy khdi lugng than ciing 1a nhan té anh huong dén kha nang hip phu cua than sinh hoc.

3.2.3. Anh huong cua thoi gian

Anh huong cua thoi gian phan ing dén kha nang hap phu nitrat caa than sinh hoc
tram duoc trinh bay ¢ Hinh 6.
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Hinh 6: Anh hwong cua thoi gian dén kha néang hap phu nitrat cia than tram

C6 thé nhan thay rang kha nang hap phu nitrat ting khi ting thoi gian phan @ng.
Theo quan sat, lugng ion nitrat hap phu trén bé mat than sinh hoc tram ting nhanh trong
15 phut dau tién. Sau 15 phut, khi tang thoi gian phan ¢ng thi lugng nitrat hap phu dugc
tang nhe nhung khac biét khong c6 ¥ nghia thong ké (p>0,05). Nhu vy, qué trinh hap
phu nitrat cia than tram da dat can bang sau 15 phit, tuong tng véi luong nitrat hap phu
duoc 14 2,23 mg/g va hiéu suat hap phu dat 96,2%. Diéu nay c6 thé duoc giai thich 1a do
than tram c6 dién tich bé mat 16n cing v6i mot lwong 16n cac 16 micro trén bé mat (Hinh
1 va Hinh 2); day 1a noi da giit lai cac ion NO3, tir d6 thic day qua trinh hap phu dién ra.
Trong giai doan déu, khi cho than tiép xuc véi dung dich biogas, trén bé mat than c6 mot
lwong 16n cac 16 rdng nén téc dd hap phu nitrat rat nhanh. Tuy nhién, sau khi qua trinh
hap phu nitrat dat trang thai can bang sau 15 phut thi sb lwong cac 18 rong trén bé mat
than da giam déng ké, dan dén thoi gian hip phu cang dai thi tdc d6 hap phu giam. Két
qua tuong ty cling duoc tim thay trong cac nghién ctu trude [7, 19]. Viéc sso sanh voi
két qua nghién ctru trude day cho thy than tram co kha ning hap phu nitrat rit nhanh so
v6i mot so loai vat lidu khac nhu than ba mia hoat tinh (600°C), than trau (400°C) hay
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than hoat tinh vi chiing c6 thoi gian phan tng can bang lan luot 13 60 phat, 12 gio va 45
pht [7, 17, 19]. Hién twong nay c6 thé 1a do thoi gian hip phu nitrat dat can bang nhanh
hay cham phu thudc vao nguyén li¢u tao than sinh hoc va dac bi¢t 1a nhi¢t d¢ nung than
vi than dugc nung & 700°C tré 1én c6 kha ning hip phu nitrat dat hiéu qua cao [20].

3.2.4. Anh huéng cia nong do

Két qua khao sat anh hudéng cua nong do dung dich dén kha niang hap phu nitrat
ctia than tram dugc trinh bay ¢ Hinh 7. Luong nitrat bi hap phu ti I thuan véi nong do
dung dich. Khi ndng d6 nitrat tang tir 1 mg/L - 400 mg/L thi luong nitrat bi hap phu ting
tir 0,04 mg/g dén 7,7 mg/g. Hién tugng nay c6 thé duoc giai thich 1a do sy va cham cua
phan 16n cac phan tir NO3z™ véi bé mit than sinh hoc. Nong d6 nitrat ting da 1am ting co
hoi va cham gitra cac phan tir NO3™ va bé mat chat hap phy, 1am ting xu hudng chuyén
ion NOs ™ tir pha dung dich sang pha ran. Két qua nay hoan toan phi hop véi két qua
nghién ctru caa mot sb tac gia trude [7, 16, 17].

+++®++ Hiéu suit === Luong hip phu
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Hinh 7: Anh hwong cia nong dé nitrat ban dau
den kha nang hap phu nitrat cza than tram

Trong khoang nong d6 1 mg/L - 20 mg/L, hiéu suat hap phu ting manh tir 80,3%
dén 95,7% tuong (g véi lugng ion nitrat hip phy duoc ting tir 0,04 mg/g dén 0,9 mg/g.
Tuy nhién, khi ting ndng do nitrat tir 50 mg/L dén 400 mg/L thi hiéu suat hap phu giam
dan va chi con 37,5% & nong d6 400 mg/L. Hiéu suat hip phu nitrat giam dan khi nong
do nitrat ting cao. Piéu nay co thé duoc giai thich la do khi ndng d6 nitrat qua 16n s& gay
ra su canh tranh hip phu gitra cac ion NO3, vi vy hiéu suit hap phu s& giam. Két qua
nghién ctru tir mot s6 tac gia trudce ciing cho thay két qua twong tu [7, 21, 22].

3.2.5. Purong dang nhiét hap phu

Ca hai md hinh hap phu dang nhiét Langmuir va Freundlich duoc sir dung dé md
ta qua trinh hap phu nitrat cua than tram (Hinh 8). Céc thong s6 cua md hinh Langmuir
va Freundlich cling véi hé sé twong quan R? duoc trinh bay ¢ Bang 4.
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Hinh 8: Pang nhiét hap phy theo md hinh Langmuir, Freundlich va thyc nghiém

Tu Hinh 8 va Bang 4 c6 thé nhan théy rang ca hai md hinh Freundlich va
Langmuir déu co thé duoc sir dung dé mo ta qué trinh hap phu nitrat cua than tram vai hé
$0 tuong quan R? tuong ung la 0,97 va 0,99. Tuy nhlen mo hinh Langmuw phu hop hon
v6i dir lidu thuc nghiém vi c6 hé sé twong quan R? cao hon. Két qua nay phu hop véi
nhiéu nghién ciru trude day [7, 16, 17, 22]. M6 hinh hap phu dang nhiét Langmuir mo ta
vé mat ly thuyét rang bé mat 1a déng nhét, gia dinh rang tat ca céc vi tri hip phu c6 &i luc
hap phu bang nhau va su hap phu tai mét vi tri khdng anh huong dén sy hap phu tai mot
vi tri 1&n can [9-10].

Bang 4: CAc thong Sé Ciia cdc mé hinh dang nhiét

Langmuir Freundlich
b Omax (Mg/g) | R? ke n R?
0,0034 15,5 0,99 0,22 1,64 | 0,97

Hién nay, van con rat it thong tin vé kha nang hap phu nitrat trong nudc thai
thuc té vi cac nghién ctu trude day cha yéu khao sat kha ning hap phuy nitrat trong
dung dich nuéc chi ton tai ion NOs”. Mot sé két qua nghién ciru thu dugc la: mot sb
loai than sinh hoc nhu than sdi, than b ngd c6 nhiét do nung tir 400-500°C khéng c6
kha ndng hap phuy nitrat; than tre 460°C, than ba mia hoat tinh 600°C c6 dung lugng hép
phu cuc dal tir 5 - 28,1 mg/g [6, 7, 16]. Két qua nghién cau nay cho thay than tram c6
kha nang hap phu tét nitrat trong dung dich tn tai nhiéu thanh phan nhu NO3, NH,",
PO,*, chét hitu co... véi dung lwong hap phu cuc dai theo Langmuir dat 15,5 mg/g
(Bang 4). Vi vay than tram c6 thé tré thanh mot chat hap phu nitrat tiém nang, c6 tinh
ung dung cao trong Xu Iy moi truong.

4. Két luan va kién nghi
4.1. Két lugn

C6 su khac biét rd rét vé mat vi hinh thai gitta mau g tram trudc khi nung va
than tram sau khi nung ¢ 700°C. Than tram & 700°C c6 dién tich bé mat 16n, dat 283,9

50



Truong Dai hoc Vinh Tap chi khoa hoc, Tdp 50 - Sé 1A/2021, tr. 40-53

m?/g; nguoc lai mau gd tram cé dién tich bé mat rat nho, chi dat 10,37 m?/g. Than tram
c6 do xop cao gap 10 lan do xdp cua go tram.

Quaé trinh hép phu nitrat caa than tram dat cuc dai & pH = 4. Trong khi d6, pH cua
nudéc thai biogas ban dau 12 8, ¢6 hiéu suat hap phu I1a 73,9 % khéng roi vao giai doan 3.
Diéu nay cho thdy cé thé dung than tram dé xir ly truc tiép trén nudc thai biogas ma
khdng can diéu chinh pH, tuy nhién dé hiéu suat hap phu dat cuc dai c6 thé diéu chinh vé
pH = 4. Bong thoi, dé dat hiéu suat hap phu cuc dai can sir dung khéi lugng than tram
bang 1 g va thoi gian phan tng 15 phat. Nghién cuu hip phu ding nhiét cho thay qua
trinh hap phu nitrat trén bé mat than tram tuan theo md hinh Langmuir, véi hé sé twong
quan R*= 0,99, dung luong hip phu cuc dai dat 15,5 mg/g.

Than tram c6 thé hap phu nitrat & nong do cao 400 mg/L, giir lai mot lugng dam cao.
C6 thé tan dung luong dam nay 1am phan bon cho cay trong thay thé phan bon hoa hoc.

Nghién cau nay cho thay rang nguén sinh khéi tram sin c6 tai dia phuong c6 thé
trg thanh mot ngudn vat liéu tét dé san xuét than sinh hoc cho cac wng dung ndng nghiép
va moi trudng trong tuong lai.

4.2. Kién nghi

Tién hanh cac nghién cau tiép theo dé danh gia kha nang dap (ing cua cay trong
db6i vai than tram sau khi hap phu nitrat nham gitp ting nang sudt cay trong va han ché
lugng phéan bon hoa hoc thai vao moi truong.

Loi cam on: Nghién ctru nay duoc tai tro boi Dy an Cai tao nang cap Truong
DPai hoc Can Tho VN14-P6, dugc ho trg tir nguon von vay ODA cua Nhat Ban (E7).
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SUMMARY

STUDY ON ADSORPTION OF NITRATE ION FROM BIOGAS
EFFLUENT BY MELALEUCA BIOCHAR

Pham Ngoc Thoa, Tang Le Hoai Ngan, Do Thi My Phuong,
Nguyen Xuan Loc, Le Thi Thanh Truc, Huynh Thi Hong Xuyen,
Nguyen Ngoc Han, Nguyen Huu Chiem
College of Environment & Natural Resources, Can Tho University
Received on 10/12/2020, accepted for publication on 19/02/2021

Contamination of water resources by nitrate has become an important problem in
recent decades. Although nitrate is not toxic, it can be converted into nitrite and cause
serious harm to human health. One of the most effective methods of nitrate removal is
the use of adsorbents. The objective of this study was to evaluate the nitrate adsorption
efficiency from biogas solution by using melaleuca biochar that was pyrolysed at 700°C.
Physical and chemical characteristics of melaleuca biochar were determined using a
variety of methods including scanning electron microscopy (SEM) and Brunauer-
Emmett-Teller (BET) test. Nitrate concentration was measured using a UV
spectrophotometer with a wavelength of 660 nm. The results showed that the optimum
conditions for the effective adsorption of nitrate ion onto melaleuca biochar were found
to be pH 4, biochar dosage of 1 g L™, and retention time of 15 min. The experimental
data were fitted to different adsorption isotherms models (Langmuir, Freundlich models).
The maximum nitrate adsorption capacity of melaleuca biochar was 15.5 mg g *.

Keywords: Adsorption; biochar; biogas; melaleuca; nitrate.
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