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Nghién ctru kha nang xur ly amoni trong moi truong nude cua
than sinh hoc tur 161 ngd bién tinh bang H;PO, va NaOH
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Tém tit: Muc tiéu ciia nghién ciru nham dénh gid kha ning hap phy ciia amoni mdi trudng nudc
bang than sinh hoc tir 15i ngd bién tinh bang H;PO, va NaOH. Dic tinh héa 1y cua than sinh hoc
bién tinh dugc xac dinh bang céch do dién tich bé mit riéng Sbet, chup phd hong ngoai FTIR va
chup anh SEM. Két qua nghién ctru cho thiy qué trinh hap phu téi vu khi gid tri pH > 7, thoi gian
heip phu dat can bang sau 60 phiit, md hinh ding nhiét theo Langmuir va Sips miéu ta tot qua trinh
hap phu amoni trén than bién tinh, dung luong hap phu tdi da theo Langmuir dat 16,6 mg/g. Dong
hoc qué trinh hip phu amoni trén than bién d6i tuan theo mo hinh dong hoc bac 2. Qué trinh hip
phu tudn thi theo ci hai co ché hap phu héa hoc va hip phu vat 1y tiy thuoc vao pH clia moi
truong. Dya vao dung lugng hép phu, chiing ta c6 thé khang dinh than bién ddi c6 tién nang dé hap

phu amoni trong dung dich.

Tir khéa: Hap phu, amoni, than sinh hoc, 16i ngo.

1. Mé dau

O nhiém amoni trong nudc ngdm di va
dang tré thanh van dé buc xic ¢ nudc ta. Nudc
ngdm bi 6 nhiém amoni tir nhiéu ngudn nudc
thai nhu nuoc thai ndng nghiép, cong nghiép va
sinh hoat. Cdc phuong phap truyén théng dé xir
1y amoni 12 phuong phép sinh hoc, trao dbi ion,
hap phu... Trong d6, phuong phip hap phu
thuong dugc st dung va cho hi¢u qua loai bd
amoni tuong ddi cao [1]. Tuy nhién, nhuogc
diém cia cdc chit hip phu thwong mai 1a gid
thanh cao va kho khan trong viéc tai st dung.
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Do d6 xu hudng ding phé phu phdm néng
nghiép dé san xuat than hoat tinh, than sinh hoc
dé loai bo céc chat 6 nhiém khic nhau trong
mdi truong nudc dang dugc tap trung nghién
clru.

Ngoai ra, dung luong hip phu cua than
hoat tinh dbi voi amoni 1a han ché, dung lugng
hap phu NH; ctia than hoat tinh thwong mai vao
khoang 0,6 dén 4,7 mg/g [2]. Nghién ciru cia
Moreno-Castilla da ching minh tinh chit héa
hoc bé mat cua than quan trong hon dién tich bé
mit riéng khi hap phu amoni [3]. C6 rat nhiéu
nghién ctru di sir dung cdc chat oxy héa dé bién
d6i bé mat than hoat tinh nham ting cudng kha
ning hap phu amoni vi du Azhar Abdul Halim
va cong su [4] nghién ctu loai bo amoni trong
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dung dich bang than hoat tinh bién tinh bang
axit, than hoat tinh (AC) sau khi dugc ngdm véi
HNO;, tiép tuc duoc ngdm voi NaOH (AC-
RCOONa). Két qua cho thay dung lwong hap
phu cuc dai ddi v&i amoni cua than AC-
RCOONa va than AC lan luogt 1a 19,34 mg/g
va 4,5 mg/g khi nong d6 amoni dau vao la
685-735 mg/l.

Tac gid Kyoung S. Ro va cong su [5] da
nghién ctru loai bo khi NH; bang than sinh hoc
va than cacbon hoat héa bang hoi nudc va than
sinh hoc hoat hoat bang H;PO,. Két qua chi ra
rang than hoat héa bang H;PO, cho kha ning
hap phu khi NH; cao 51an so véi than sinh hoc
bang hoi nudc.

Loi ngd la mot trong nhing ngudn biomass
thai lon ¢ Viét Nam. bé tang cuong gid tri kinh
té, 161 ngd duogc tan dung dé tao ra than sinh hoc
dé loai bo cdc chat 6 nhidm trong méi trudng
nude nhu 1a amoni.

Trong nghién ctru nay 16i ngd dugc ngam
voi H3PO4 sau d6 nung tai 400°C, than tao
thanh dugc ngdm voi NaOH dé ting hiéu qua
trong viéc hip phu amoni. Muc tiéu ciia bai bdo
nay 1 ddnh gid hiéu qua ciia vat lidu nay d¢é loai
bd amoni trong nudc thong qua nghién ctu
déng nhiét va dong hoc.

2. Thue nghiém va vét liéu

Ché tao vt liéu hap phu: Loi ngd dugc rira
sach, 1am kho, nghién va riy dén kich thudc
0.5-2mm. Sau d6 16i ngd ngam véi axit H;PO4
50% trong 24h va nung trong 16 nung tai 400°C.
San pham duoc rira sach bang nudc cat dén khi
pH khéng dbi pH = 5-6 va dugc dat tén 12 Than
BioP. Than BioP tiép tuc dugc ngim véi NaOH
trong vong 24h sau d6 rira lai bang nudc cat
dén pH khong d6i. Cu thé qui trinh ché tao than
theo tai liéu [6]. Mau nghién ciru 12 mau nudc
tu pha trong phong thi nghiém st dung chat
chuén NH,CI.

Nghién ciu ddc trung cdu triic cua than
sinh hoc bién doi: Pic tinh héa 1y cia than bién
tinh tr 161 ngd dugc danh gid thong qua viéc
xdc dinh dién tich bé mdt riéng Sbet trén may

ASAP-200, chup anh bé mit SEM béang may S-
4800 (FE-SEM, Hitachi). Nhém chtrc bé mat
ctia than dugc ddnh gid bang phd hong ngoai
trén mdy FTIR, NEXUS 670, Nicolet, diém
déng dién cua vat liéu pH,,. dugc xdc dinh theo
tai liéu [7].

Thiee nghiém qud trinh hdp phy: Thuc
nghiém dugc tién hanh trén Thiét bj Jartest
(model: JLT6 Jar test/Flocclulator, Italy), tbc do
100 vong/phit vgi 250 ml dung dich amoni va
0,5 g than. Nghién ctru anh huong ciua pH dugc
tién hanh tai khoang pH tir 4 dén 9 trong
khoang thoi gian 120 phiit, ndng d6 amoni dau
vao la 10; 20; 40 mg/l (pH dugc diéu chinh
bang dung dich NaOH 0,1 N va HC1 0,1 N). bé
nghién ctru dong hoc hap phu, mdi hdn hop
amoni va chét hép phu duoc tién hanh tai cac
gié tri thoi gian khac nhau 5; 10; 15; 30; 45; 60;
90; 120; 150 phut tai n6ng d0 amoni ban dau 1a
10 va 20 mg/l, pH ="17.

Nong d6 amoni trong dung dich dugc xdc
dinh bang phwong phdp so mau tai budc séng
640 mntm s¢ dung mdy UV-Vis
spectrophotometer (DR5000, Hach).

Hiéu qua hap phu amoni dwoc dénh gid
thong qua dung luong hap phu cin bang qe
(mg/g) duogc tinh todn bang cén biang chuyén
khéi ¢, = (C, —C,)V /W Trong d6, C, va Ce

(mg/1) 12 nong d6 amoni dau vao va dau ra, V
(1) 1a thé tich dung dich hap phu va W (mg) Ia
khéi lwong than hap phu.

3. Két qua va thao luan
3.1. Tinh chdt cia than sinh hoc bién tinh

Anh SEM cua vat liéu true khi bién tinh
(16i ngd) va than sau khi bién tinh BioP-Na
duoc thé hién trén hinh 1. Két qua cho thdy, cdu
tric cua than sau khl blen tinh bang H;PO, va
NaOH c¢6 cu triic rong x6p v6i nhiéu mao quan
nho. Két qua do dién tich bé mat riéng va kich
thudc 16 xOp cho thdy than BioP-Na c6 dién
tich bé mat riéng (Sbet) va kich thudc 16 trung
binh 13 1046m*/g va 30A°. Dai phan b mao
quan cua than BioP-Na c6 cuc dai ¢ 20nm, dai
phan b mao quan tir 20 dén 100nm.
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Hinh 1. Hinh dnh SEM ciia 16i ngd va than bién tinh.
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Hinh 2. Hinh anh phé hdng ngoai ciia 16i ngd, than BioP, BioP-Na.

Két qua phan tich phd FTIR (hinh 2) ciing
cho thdy Than BioP va BioP-Na dugc hoat héa
tir 161 ngd ¢6 su dich chuyén phd. Mau 16i ngd
xuét hién céc hép thu dac trung cta nhém
hydroxyl tai 3428 cm™ va nhém C=C tai 1636
cm’’, lién két C-H tai 2922 cm™. Nhém 0-H va
C=C xuit hién & than BioP va BioP-Na (tai
pick 3425-3426 cm™ va 1623-1621 cm™, twong
ung). Tuy nhién qué trinh bién tinh than bﬁng
H;PO, va NaOH lam dich chuyén phé tai nhém
chic C=0 (pick 1728 cm™ trén 16i ngd dich
chuyén thanh 1704 cm’ trén than BioP va
BioP-Na). Mit khac, qué trinh hoat héa va bién
dbi ciing 1am bién mét nhém chic C-H va C-C
(2922 cm™ va 1043 cm™ tuong ung). Két qua
nay chi ra rang nhém chirc axit cacboxylic da
phat trién trén than BioP va BioP-Na. Trén hinh

2 ciing cho thdy cuong do cia nhém O-H va
C=0 trén than BioP-Na thip hon trén than
BioP. Diéu nay duoc giai thich do nhém
cacboxylic da phan ung véi nhém OH' khi than
BioP bién ddi bang NaOH.

3.3. Két qua nghién ciru hdp phu N-NH,* ciia
than bién doi

Anh hieong ciia thoi gian

Anh hudng cua thoi gian dén qud trinh hip
phu amoni dugc thé hién trén hinh 3. N-NH," bi
loai bé nhanh trong 30 phiit ¢au va dat cin bang
tai thoi diém 60 phit. Dung lwong hip phu tai
thoi diém can bang dat 2,23mg/g; 4,75 mg/g va
8,0mg/g twong tng voi ndng d6 dau vao 1a 10,
20 va 40 mg/l.
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Hinh 3. Anh hudng ciia thoi gian dén dung lugng hap
phu N-NH," cua than BioP-Na.

Anh hieong ciia pH

Pic tinh bé mat cua chét hép phu, trang thai
ion cua nhém churc bé mat than phy thudc vao
pH. Trong dung dich, amoni ton tai chu yéu &
dang NH,* va NH;. Khi pH < 7 dang ton tai chu
yéu trong dung dich 12 NH," [8]. Piém déng
dién cua vat liéu pH,, 13 diém ma tai d6 thé
zeta bang khong, day 1a dic diém quan trong
cua vat liéu.

Khi pH < 5 do canh tranh cuia NH4" v6i ion
H' trong moi truong nudc nén dung luong hép
phu amoni ciia vat liéu rat thap. Trong khoang
pH tir 5 d&én 7, pH ting thi kha ning hap phu
amoni ting. Khi pH > 7 kha niang hip phu
amoni dat 6n dinh. Ngoai ra khi x4c dinh pHpzc
(diém dang dién cua vt liéu)

C6 thé giai thich nhu sau khi pH < pH,,.
(pH,,. cta than BioP-Na la 7,1) bé mat vat liéu
mang dién tich dwong, qud trinh hap phy xay ra

_ dmbCe
€ 1+bG (1) e :KFCEM”
Langmuir Freudlich

M5 hinh Langmuir dugc miéu ta trong cong
thirc (1), trong d6 Ce 1a ndng do cén bing
(mg/L), b 1 hé¢ s Langmuir lién quan dén ning
luong lién két ctia hap phy (L/mg), va qy, la dung
lwong hip phu don 16p ciia hdp phu (mg/g).

12 o8
10 §+Co=10mg/l Co=20mg/I
£
|~ —l—Co=40mg/I
8 1w
o
6
4
3.0 5.0 7.0 9.0

Hinh 4. Anh huéng ciia pH dén dung luong hip phu
N-NH," ctia than BioP-Na.

khi pH < 7,1 theo co ché trao ddi ion chiém wu
thé hon so véi co ché hiit tinh dién. Co ché trao
dbi ion gitta amoni va than BioP-Na ciing duoc
khfmg dinh trong mot $6 nghién cuu [9, 10], cu
thé ion H' trong nhém chuc axit (R-COOH),
hodc ion Na* trong mudi axit (R-COONa) trén
than d trao di ion voi ion NH,* theo phan tng
sau: RCOOH + NH," -> RCOONH," + H" hoic
RCOONa + NH," -> RCOONH," + Na".

Tuy nhién, khi pH > pHpzc bé mit vat li¢u
mang dién tich 4m, qud trinh hip phu theo co
ché hit tinh dién chiém uvu thé hon so véi co
ché trao ddi ion, két qua nay gidng voi két qua
cuia mot ) nghién ctu trude [11, 12].

Dcfng nhiét hdp phu

Can bang déng nhiét cua than BioP-Na voi
amoni dugc miéu td bang duong dang nhiét
Langmuir, Freundlich and Sips.

. Qm(bce}un
) T 14 (bC)V" 3)

Sips

Puong dang nhiét Freudlich 1a cong thirc
thuc nghiém dugc phat trién dya vao gia thuyét
chat hap phu c6 bé mit di thé gdm nhitng 16p vi
tri hip phu khéc nhau va nhiing vi trf niy c6 thé
duoc moé hinh hda bﬁng cong thic $6 (2). Kg
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(mg/g) 12 hé s Freundlich chi dung luong hap
phu cta chit hdp phu va n 1a hé sb thuc nghiém
chi xu hudng ctia qué trinh hip phu.

Mb hinh Sips 12 m6 hinh thyc nghiém biéu
thi dir liéu hdp phu cin bang. M6 hinh ding
nhiét nay c6 ddc diém ctia ca mo hinh Langmuir
va Freudlich, mo hinh Sips la md hinh 3 thong
s6 gém c6: qm dung luong hap phu cyc dai
(mg/g) b h¢ s6 cia md hinh (L/mg) va n 1a h¢
s6 thyc nghiém chi xu hudng cia qué trinh hip
phu. Cong thic cia md hinh Sips dugc mo ta
tai cong thtrc (3).

Céc théng s6 ctia md hinh Langmuir, Sips
va Freundlich ¢6 thé xdc dinh bang phwong
phap phi tuyén, két qua dugc chi ra tai bang 1.

Két qua bang 1 cho thiy hé sb quan h¢ R’
dat dugc tir m6 hinh Langmuir, Sips 12 gan 1 va
16n hon md hinh Freudlich, diéu nay goi ¥ rang
mod hinh Langmuir, Sips phut hgp véi dir li€u
hap phu amoni va BioP-Na.

Dung luong hap phu t6i vu (theo thuyét hip
phu don 16p) cua than sinh hoc ¢ nhiét do
400°C trong nghién ciru trudc chi dat 1a 3,93
mg/g [13] trong khi dung luong hap phuy cua
than sau bién doi BioP-Na la 16,6 mg/g. Diéu
nay ching minh khi bién tinh than sinh hoc
bang H;P0, va NaOH da lam ting dung luong
hap phu cta than 1én déng ké.

Béng 1. Céc théng s6 ciia cic mo hinh dang nhiét

M5 hinh Freundlich M5 hinh Langmuir M3 hinh Sips
R K 1/ R m b R 1 m
d " (mg/g) T (mgh)
09425 2,320 03773 009840 16,6 0,034 09866 0,7996 21,05 0,044

Than BioP-Na

qe (mg/g )
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Hinh 5. Dang nhiét hip phu theo mé hinh Langmuir, Freudlich va Sips va thyc nghiém.

Dong hoc hd’p phu

DPong hoc hap phu cia than BioP-Na duoc
miéu td thong qua viéc so sdnh dir licu thuc
nghiém dugc so sdnh véi cac mo hinh dong hoc
khac nhau nhu mdé hinh dong hoc bac 1, mo
hinh ddng hoc bac 2. Cac cong thirc tinh toan
mo hinh duoc hién thi & dudi day:

—kt
Mo hinh bc 1: 4t =de —de¢ """ 4
k2fo
M0 hinh béc 2 4, =T (5)
I1+k,q,t

Trong do, qe: dung lugng hap phu tai cén
bang; ki, k, 12 hang s ctia md hinh béc 1, bac 2.
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Hinh 6. Bdng hoc qua trinh hép phu theo md hinh bac 1, bac 2, va dir liéu thuc nghiém.

~ Trong nghién ctu dong hoc, sai sd twong
doi trung binh (ARE) ciing dugc tinh toan:

ARE <1003 (9 = 4|
i=1 9 |i

Trong d6 q. (mg/g): lugng N-NH,*hap phu
trén than BioP-Na, xic dinh thong qua thuc
nghiém, qq, (mg/g): luong N-NH," bi hip phu
theo tinh todn cua md hinh, N: sb thuc nghiém.
Déi nguoc voi hang s6 R%, md hinh dong hoc
miéu ta tot qua trinh hap phu 12 mo hinh c6
ARE nho hon.

Két qua tinh toan theo cidc md hinh va dit
licu thuc nghiém dugc md ta trén hinh 6. Cac
thong sd cta cdc md hinh dwgc tém tat trong
bang 2. Két qua cho thdy md hinh dong hoc bac
2 miéu ta tot dix liéu thuc nghiém vi c6 R? cao
nhit (0,987) and ARE thip nhat (2,429). Diéu
nay c6 thé khiang dinh qud trinh hap phu N-
NH," cua than BioP-Na tuin theo dong hoc bac
2 va téc d6 hap phu duoc kiém sodt bang quéi
trinh héa hoc.

Béng 2. Céc thong s6 ciia md hinh dong hoc qua trinh hap phu amoni cta than BioP-Na

MO hinh Thong so Gid tri MO hinh Thong so Gia tri
MO hinh bac 1 Je 2,3 MO hinh bac 2 Qe 2,5
K 0,080 K, 0,055
R’ 0,965 R’ 0,987
ARE 4,435 ARE 2,429

4. Két luan

Thyc nghiém qué trinh hap phy N-NH," da
duoc tién hanh véi cdc didu kién khdc nhau:
thoi gian, pH, ndng d6 dung dich ban du. Qud
trinh hap phy trén than cdcbon héa tir 16i ngd
bién tinh bang H;PO, va NaOH. Két qua nghién
ctru cho thdy qua trinh hap phy dién ra tot khi
pH > 7 va sau 60 phiit thi dat cin bang hap phu.

Nghién ctru dang nhiét hap phu ching té qua
trinh hap phy N-NH,* trén bé mit than sinh hoc
bién tinh tudn theo md hinh Langmuir, dung
luong hép phu cuc dai dat dugc kha cao 16,6
mg/g. M6 hinh dong hoc bac 2 m6 ta t6t dong
hoc hap phu. Co ché cuia qué trinh hip phu bao
gom ca vat Iy va héa hoc. Két qua nay chi ra
rang sinh hoc bién tinh tir 16i ngd c6 tiém ning
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tro

thanh chét hap phu loai bé amoni trong méi

trudng nudc.
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Abstract: This study focused on the development of a low cost adsorbent, specifically a modified
biochar prepared from corncob (by modified by H;PO, and NaOH). Main purpose of research is an
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evaluation of the ammonium removal efficiency from aqueous solution by using this new bio-
adsortbent. The characteristics of the modified biochar were determined by Brunauer-Emmett-Teller
(BET) test, Fourier transform infrared spectroscopy (FTIR) and Scanning electron microscopy (SEM).
The highest adsorption capacity of NH,*-N (16.6mg/g) was found at pH > 7, sufficient time to attain
equilibrium was 60min. Adsorption kinetics of NH,"-N using modified biochar followed the pseudo-
second order kinetic model. Both Langmuir and Sips adsorption isotherm models could simulate well
the adsorption behavior of ammonium on modificated biochar. The mechanism of adsorption process
was be complied with both physical and chemical adsorptions. The high adsorption capacity of the
modified biochar suggested that it is a promising adsorbent for NH,*-N in water.
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