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Abstract: This study aimed to utilize agricultural by-products to produce adsorbents that are capable
of removing ammonium from the effluent after the distillation-based treatment of industrial
wastewater. Pomelo peel and corn cobs were processed through multiple steps including HzPO, and
pyrolysis to fabricate CC-Biochar and PP-Biochar materials for ammonium removal from water.
The fabricated adsorbents exhibited a porous and heterogeneous surface structure, in which the walls
of larger pores contained many smaller pores. CC-Biochar activated carbon had a more porous
surface structure and more cavities than PP-Biochar activated carbon. Both CC-Biochar and
PP-Biochar contained functional groups such as -C-0O, C=C, C=0, C=N, C-H, —-OH, and -NH. The
optimal dosage of the modified adsorbents BioP-1 and BioP-2 was determined to be 10 g/L,
corresponding to the highest adsorption efficiency of 43.28% for PP-Biochar and 49.19% for CC-
Biochar. Both types of fabricated materials exhibited the fastest ammonium adsorption within the
first 60 minutes. The ammonium adsorption capacities of CC-Biochar and PP-Biochar were 5.15
and 4.36 mg/g, respectively.

Keywords: Industrial wastewater, pomelo peels, corn cob, CC-Biochar, PP-Biochar, ammonium
treatment.
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Nghién ciru tng dung biochar tir cui budi va 18i ngo dé xu 1y
ton du amoni trong nudc thai sau qua trinh chung cat: dac tinh

vat li€u, anh hudng cua thoi gian va li€u lugng
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Tém tit: Nghién ctru ndy nham ché tao vat liéu hap phu tir phé phu phdm néng nghiép c6 kha nang
loai bo amoni trong nudc dau ra sau qué trinh xir Iy nuéc thai céng nghiép chira amoni ham lugng
cao bang phwong phap chung cit, nham dap (mg yéu cau xa thai ra méi trudng. Cui budi (pomelo
peels) va I8i ngd (corn cob) duoc xir Iy qua nhiéu budc trong d6 c¢6 bién tinh bang HsPO4 va nhiét
tao thanh cac vat liéu than sinh hoc PP-Biochar va CC-Biochar dé loai bé amoni trong nudc. Vat
liéu hap phu che tao dugc co bé mit ciu tric xop va khong dong nhit, trén vach cac 16 xop 16n lai
gdm nhiéu 18 x5p nhé. Than hoat tinh CC-Biochar c6 c4u trac bé mat x6p va nhiéu 16 rdng hon vat
liéu than hoat tinh PP-Biochar. Ca hai vat liéu CC-Biochar va PP-Biochar déu c6 ¢6 cac nhom chirc
—C-0-, C=C, C=0, C=N, C-H, —~OH. Liéu lugng vt liéu hap phu téi uu duoc lya chon ddi vai vat
lidu than bién tinh PP-Biochar va CC-Biochar 1a 10 g/L, tuong tmg véi hiéu suat hap phu t6t nhat
ctia vt liéu PP-Biochar 1a 43,28% va cua vt liéu CC-Biochar 1a 49,19%. Ca hai loai vat liéu ché
tao dwoc c6 kha niang hip phu amoni nhanh & 60 phut dau tién. Dung lugng hip phu amoni cua cac

vét liéu CC-Biochar va PP-Biochar lan luot 13 5,15 va 4,36 mg/g.

Tur khoa: Nudce thai cong nghiép, cui buoi, 161 ngd, CC-Biochar, PP-Biochar, xir Iy amoni.

1. Mé dau

O nhiém amoni trong nudc thai 1a van dé moi
truong nghiém trong, gop phan gy phu dudng
thity vuc va khan hiém tai nguyén. Viéc loai bo
va thu hoi nito tir nwéc thai gop phan giam thiéu
tac dong nay, dong thoi thuc diy kinh té tun
hoan thong qua tai st dung dudi dang phan bon
hodc amoniac. Cac cong nghé da dugc nghién
ctru bao gdm trao ddi ion, hap phuy, hap phuy sinh
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hoc, oxy hoa khong khi ém, loc sinh hoc, suc khi
khuéch tan, nitrat hoa-khtr nitrat [1]. Phuong
phap sinh hoc chiém uu thé nho chi phi thip,
trong d6 nitrat hoéa - khi nitrat
(nitrification/denitrification - N/DN) dat hiéu
suét loai bo 60-95% bang cach oxy hoa NHa*
thanh NOs~ & diéu kién hiéu khi va khir thanh N>
trong diéu kién thiéu khi [1]. Anammox, qué
trinh ty dudng, loai bo 80-90% nito bang oxy
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héa NHa* véi NO-, tiét kiém 60% nang luong so
v6i N/DN. Hé thdng lai nitrit héa mot phan-
Anammox phu hop cho dong phu giau NH4"
(>800 mg/L), voi thoi gian khéi dong 100-150
ngay [2]. Nitrat hoa-khir nitrat dong thoi trong
mang sinh hoc dat 70-85% loai bo trong hé thong
compact, gidm nhu cau thong khi [3]. Xu huéng
gan day chuyén tir loai bo nito (qua chuyén hoa
thanh N.) sang thu hoi tai nguyén (amoniac hodc
phén bon) [4]. Ky thuat vat ly-hoéa hoc nhu
phuong phap stripping bay hoi NHs tai pH >9,
thu hoi 70-95% dudi dang amoni sunfat [5]. Két
tha struvite (MgNH+PO.) thu hdi 80-90% N/P tir
chat thai 1am phan bon nha cham [6]. Hap phu
béng zeolit hodc than sinh hoc dat 70-95% loai
b, c6 thé tai sinh cho nudc thai cuong do thap
[6]. Cong nghé mang, bao gdm tham thau ngugce
va tham thau thuan, c6 dac N dé thu hoi
30-100%, du tic nghén van la thach thirc [7].

Phuong phap hip phu amoni bang vat liéu tir
phé phu phim néng nghiép (nhu biochar tir vo
ngo, vo cam, triu, rom ra,...) co tiém nang lon
trong xir Iy nude thai, nhd tdn dung ngudn phé
thai doi dao dé tao vat liéu xanh, giam chi phi san
xudt va thiic ddy kinh té tuan hoan [5]. Uu diém
ndi bat bao gdm hiéu qua loai bo cao (70-95%),
quy trinh van hanh don gian ma khong can kich
hoat phan tmg héa hoc, tiéu thy ning lwong thap
va tinh than thién v6i méi truong, gitp thu hdi
nito lam phan bon [6]. Ngoai ra, cac vat liéu nay
s& hitu do bén nhiét, tinh chét co hoc tdt va nhom
chirc nang phong pht nhu amino va hydroxyl
phu hop xir 1y chat 6 nhiém nhu amoni, mé rong
mg dung trong quan 1y chét thai nong nghiép
bén vimg [8, 9].

Nghién ciru nay tiép theo hudng nghién ciru
“Nghién ctru xtr Iy, thu hoi amoni trong nudc thai
cong nghiép c6 ham luwong amoni cao bing
phuong phap chung cat” da xuét ban trudc day
da nghién ctru xtr 1y va thu hdi amoni thanh cong
tir nudc thai cong nghiép ché tao pin c6 ham
luong amoni rat cao (28000 mgN/L) [10].
Nghién ctru trén ap dung phuong phap chung cat
nhiét két hop thoi khi cudng birc, didu chinh pH
dat hiu qua cao nhung ti€u hao nang lugng lon.
bPé giam thoi gian chung cat nham tiét kiém nang
luong, can xir Iy budc hai sau chung cét nhiét.

Vi vy, nghién ciru ndy nham ché tao vat liéu hap
phu than hoat tinh tir cac phé phu pham nong
nghiép sin c6 nhu cui budi va 161 ngd dé xir ly
amoni ¢ sau xur ly bang Chung cat nhiét. Huong
di nay c6 trién vong d6i véi cac van de 0 nhlem
amoni ham lugng thap, vat liéu co nguon goc tu
nhién c6 gia thanh ré.

2. Pbi twong va phwong phap nghién ciru
2.1. DBéi twong nghién ciru

Mau nudc thai chira (NH4)2S0; tai mot nha
may san xuat pin trong khu cong nghiép tinh
Hung Y¢én, sau khi dugc xtr ly béng phuong phap
chung cit nhiét, dugc tiép tuc xir Iy bang phuong
phap hap phu. Vi giam thoi gian dé giam thleu
nang luong ti€u hao trong qua trinh chung cét,
nén nong d6 amoni sau khi xur ly bang phuong
phap chung cit 1a 14,75 mg N/L, pH dung dich
do duoc 1a 7,5.

Nguyén liéu ché tao vat liéu dugc lay tir cui
budi va 16i ngd dé san xuat than hoat tinh, va
dugc thu gom tai nha va cac khu chg trén dia ban
thanh phd Ha Noi.

2.2. Phuong phap nghién curu

2.2.1. Phirong phdp ché tao vit liéu

(A) n

Hinh 1. San phdm than hoat tinh tir (A) ciii budi
va (B) 18i ngd.

Cui budi (pomelo peels) va 16i ngd (corn
cob) sau khi thu gom déu duoc rira sach, siy kho
6 105 °C trong 4 gio, sau d6 ngdm trong dung
dich HsPO4 0,5 M trong 24 gio. Viéc ngadm trong
axit giap vat liéu loai bé tap cht, phat trién mao
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quan va bd sung cac nhom chirc ning can thiét
trén bé mat vat liéu [11, 12]. MAu dugc raa dén
pH trung tinh, sy kho va nung & 400 °C trong 2
gio thu duge vat liéu than sinh hoc PP-Biochar
va CC-Biochar (Hinh 1).

2.2.2. Nghién curu xdc dinh ddac tinh vat liéu

Vit liéu than hoat tinh sau khi ché tao duoc
xac dinh ddc tinh bang cic phuong phap kinh
hién vi dién tir quét (SEM — Scanning Electron
Microscopy) Nova NanoSEM 450, may
quang pho hdng ngoai bién dbi Fourier (FTIR-
Fourier Transform Infrared spectroscopy) Jasco
FTIR — 4600.

2.2.3. Khdo sdt anh hwéng ciia cdc yéu té
dén kha néng hap phu ciia vt liéu

Céc yéu t6 anh huong dén kha nang xir ly
amoni cta vat liéu nhu lidu luong, thoi gian dugc
tién hanh nghién ctru. Céc thi nghiém dugc tién
hanh lap lai 3 1an va tinh toan d6 léch chuan.

Anh huong cia lidu luong

Lay 50 mL dung dich nudc thai sau khi xir Iy
bang phuong phap chung cat nhiét (14,75 mg
N/L) vao cac binh tam giac. Cho lan luot 0,2;
0,5; 1; 2 g vat liéu, twong duong véi cac lidu
luong 4; 10; 20; 40 (g/L). Lac hdn hop voi toe
dd 150 vong/phut trong 2 gio tai nhiét do phong.
Sau d¢6 loc dung dich bang giay loc c6 kich thudce
16 loc 0,22 pm, thu mau va phan tich bang
phuong phap UV-VIS 6 budc séng 366 nm.

Anh huéng cia thoi gian

Hut 50 mL dung dich nudc thai nhu & trén
vao cac binh tam giac. Cho vét liéu voi lidu
luong t6i wu (xac dinh tir thi nghiém trén) vao
céc binh lic véi toe d6 150 vong/phut. Lay mau
o cac khoang thoi gian 30; 60; 120; 180; 240;
300 va 360 phut. Sau d6 loc dung dich bang dau
loc ¢6 kich thudc mang loc 0,22 um, thu miu va
dem di phan tich bang phuong phap UV-VIS &
budc song 366 nm.

Hiéu suit hip phu amoni dugc tinh theo
cong thtrc:

Co—Ct

H = .1009
Co %

Dung luong hap phu dugc tinh nhu sau:
Co—Ct v

m

q:

Trong do:

H: hiéu suat hap phu (%);

q: dung luong hap phu (mg/g);

V: thé tich dung dich chat bi hip phu (L);

m: khdi luong chat bi hap phu (g);

Co: ndng do ctia chat bi hip phu tai thoi diém
ban dau (mg/L);

Ct: nong d6 cua chét bi hap phu tai thoi diém
can bang (mg/L).

2.3. Phuong phap phdn tich amoni trong nuoc

Ham luong amoni duoc xac dinh bang
phuong phap so mau véi thube thir Nessler [13].
Pha loang mau 100 lan, sau d6 thém 1 ml thudc
thir Nessler va mang di do quang bang may do
quang UV-VIS ¢ budc song 366 nm. Mot lugng
dung dich Xecnhet hay dung dich Complexon 111
dugc thém vao dé loai _bo anh huong cua cac
cation néu c6 trong mau nudc. Du’O’ng chuan
tuong quan gitra do hép thy quang va ndéng do
amoni chuan 0; 0,05; 0,1; 0,2; 0,5; 1 mg N/L
dugc thé hién ¢ Hinh 2.

0,6
v=0,5241x% + 00046

0.5 R = 09995
0,4

2
- 03
0,2

0,1

0
0 0,2 04 0,6 0.8 1 1,2
mg N/L

Hinh 2. D6 thi biéu dién dudng chuin amoni.

3. Két qua va thao luin
3.1. Bdc tinh cua vat lieu hcfp phu

3.1.1. Hinh thdi bé mat vdt liéu hap phu

Két qua chup SEM cua cac vat liéu duogc thé
hién & Hinh 3 va Hinh 4. Hinh 3 cho thay bé mat
cua vt liéu PP-Biochar xuat hién nhiéu manh
vun, cac 16p cau trac x€p chong va nhiéu khe
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rong phéan b khong ddng déu. Cac hat c6 hinh
dang va kich thudc khac nhau, xen ké gilra cac
tAm mong, ving nirt v& va cac khdi roi rac. Pic
diém hinh thai nay phan anh qua trinh than hoa
va hoat hoa da tao nén ciu trac xp phat trién,
chira ca mao quan trung binh va lon. CAu tric
nay giup gia tang dién tich bé mit tiép xtic va kha
nang khuéch tan cia dung dich vao cac 16 rong,
tir 46 nang cao hiéu qua hap phu ion NH.* trong
moi truong nudc.

Hinh anh SEM cua CC-Biochar trén Hinh 4
cho théy bé mit vat liéu gém cac manh 16n dang
tam voi nhiéu 16 rdng phan bd dong déu va lién
thong tot. Cac mao quan co kich thudc trong
khoang 3-20 pm, chimg té cdu tric xop phat
trién manh sau qué trinh than héa va hoat hoéa.
So véi PP-Biochar, vat liéu CC-Biochar co it
manh vun, bé mit thong thoang hon va hé 16 r5ng
mé 1 rang, gitip ting kha ning khuéch tan va
tiép xtic véi dung dich. Pac diém nay gop phan
nang cao kha niang hap phu ion NH4* théng qua
co ché hip phu vat 1y két hop trao ddi ion, khang
dinh CC—Biochar 1 vét liéu tiém niang hon cho
xt Iy nude thai chira amoni.

So sanh véi nghién ctru trude day [14], vat
liéu H-CCB xur Iy bang HzO: cho thay sy phat
trién day dic cua 16 rdng va gia ting dién tich bé
mit rd rét. Vé co ché, H20: chil yéu oxy hoa bé
mit, lam mong thanh va m¢ 16. Trong nghién
ctru hién tai, bién tinh bang H3PO, tao ra mot
mang mao quan phat trién, ting dién tich bé mat
va kha ning hap phu NH4*, kém theo sy xuét hién
nhiéu nhom chirc oxy-axit trén bé mit (-COOH,
—C=0).

Hinh thai bé mit cua PP-Biochar va
CC-Biochar c¢6 nhiéu diém tuong ddng voi cac
vat liéu cacbon hoa tir tre va go [15]. Hé mao
quan cua hai mau biochar quan sit dugc bang
SEM chu yéu nam ¢ thang micromet (1-20 pm),
tuong tu kich thude mao quan cia tre cacbon hoa
(10-20 pm). bac biét, CC-Biochar the hién h¢ 10
rong mg va phén bb dong déu, gan gidng v6i chu
trac cua tre, dan dén dién tich bé mat thuc té cao
hon va kha niang khuéch tan ion trong dung dich
t6t hon. Piéu nay giai thich vi sao CC-Biochar
¢6 hiéu qua hip phu NH4* cao hon PP-Biochar,
dong thoi khang dinh vai tro quan trong cua

nguon nguyén li¢u va diéu kién cacbon hoa trong
viéc kiém soat cau tric mao quan cua vét liéu.

Hinh 3. Anh hién vi dién tir quét cta vat liéu than
hoat tinh PP-Biochar.

Hinh 4. Anh hién vi dién tu quét cua vat li¢u than
hoat tinh CC-Biochar.

3.1.2. Phé h&ng ngoai cua vat li¢u

Phd hong ngoai FTIR ciia vat liéu cho thay
mot sd lwong 16n cac nhom chire duoc thé hién
cac dao dong trong Hinh 5 va Hinh 6.

Trudc qua trinh hip phu, ca hai vat liéu déu
xudt hién cac dinh dic trung & ving 3300-3600
cm™! (dao dong kéo dai ciia nhom hydroxyl —OH
va—NH), 2900-3050 cm™ (dao dong kéo dai cta
lién két C—H), 1700-1725 cm™ (dao dong kéo
dai cua nhom carbonyl C=0), va 1000-1300
cm' (dao dong cua nhom —C-O- trong este).
Cac nhém hydroxyl, carboxyl, carbonyl va
amino c6 ngudn gboc tir thanh phan lignin,
xenluloza va hemixenluloza cuia nguyén li¢u thuc
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vat, ching c6 kha ning lién két ion amoni théng
qua twong tac dién tich hozc lién két hydro [16].

So sanh giita hai vat liéu cho thdy CC-
Biochar c6 cudng d6 hap thy manh hon dang ké
tai vung 3300- 3600 cm™' cia nhém hydroxyl va
1700-1725 em™ cua nhom carbonyl. Trong khi
d6, PP-Biochar thé hién pho voi cuong do yéu
hon va dinh hap thu kém sac nét, cho thay bé mat
chtra it nhom phan cuc hoat dong hon. Sy khac
biét nay cho thay CC-Biochar c¢6 ham lwong
nhom chirc oxy hoa cao hon, giup ting mat do
diém hoat dong va kha ning twong tac dién tich
véiion NH4 Ngoai ra, dai hip thy & ving 1000—
1300 cm™ ctia CC-Biochar ciing thé hién rd rang
hon, chimng t6 bé mat vat lidu nay co cdu tric
chtra nhiéu lién két -C-O—, gbp phan lam ting
kha nang hap phy ion amoni hon so véi vat liéu
PP—Biochar. Pho hong ngoai ciia ca hai vt lidu
déu khong ton tai nhom chirc —PO,4 véi budc
s6ng 1000-1150 cm™, chimg t6 ring trong qué
trinh rira than da loai bo dugc hoan toan lugng
axit du sau khi bién tinh voi HsPOs.

Sau qua trinh hap phu NH.*, ph6 FTIR cta
ca hai vat li¢u PP-Biochar va CC-Biochar déu
cho thay nhitng bién ddi rd rét vé cudng do va
hinh dang céc dai hap thuy, phan anh sy tuong tac
giita cic nhom chirc bé mit va ion amoni. Cu thé,
cuong d6 dao dong kéo dai cia nhom —OH va —
NH trong vung 3300-3600 cm™* tang 1én rd rét,
ching t6 sy tham gia tich cuc clia cac nhom phan
cuc ndy trong qua trinh hinh thanh lién két hydro
hodc twong tac tinh dién véi NH.*. Dong thoi,
dinh hép thy tai ving 1700—1725 cm™ dic trung
cho nhém C=0 ciing ting cuong dang ké, cho
thdy kha nang phdi hop giita NH4* va cac nhom
carboxyl, tao thanh lién két kiéu ammonium
carboxylate 6n dinh trén bé mat vat liéu. Ngoai
ra, s xuat hién va tang cuong ciia ving dao dong
13801550 cm lién quan dén lién két C—N xac
nhan sy hinh thanh cac lién két moi giita ion
amoni va cdc nhém chirc chira nito, minh chimng
cho qua trinh hap phy hoa hoc song song voi hap
phu vat ly. Cuong do cua cac dinh —OH va C=0
0 vat liéu CC-Biochar cao hon dang ké so vai
PP-Biochar, thé hién mat d6 nhom chirc hoat hoa
16n hon va kha nang twong tac manh hon véi ion

H.". Nhitng thay déi nay khing dinh ring cac

nhom chirc carboxyl, hydroxyl va amino dong
vai trd chu dao trong co ché hip phu NH.4* cua
vat li¢u, thong qua cac lién két hydro, ion va trao
d6i proton trén bé mit biochar.

Phan tich phd FTIR trong nghién ctru nay
tuong tu v6i két qua cia Mai & Tuyén (2016)
[12], cho thiy sy hién dién clia cac nhém chirc
hydroxyl (-OH), carboxyl (C=0) va lién két C—
H dic trung cho vat lidu nguon goc
lignocellulose. Cuong do tin hiéu —OH va C=0
suy giam ¢ BioP—Na so véi BioP, trong khi lai
tang 16 rét & PP-Biochar va dic biét & CC-
Biochar. Két qua nay cho thdy bé mit CC-
Biochar duy tri nhiéu nhém chire hoat dong hon,
tao diéu kién thuan lgi cho viéc lién két ion
amoni trong nudc.

PP-Biochar
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W ! N | &
M ah, Y v
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‘L-../u". T\ M

\ g | ey
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Hinh 5. Phd hong ngoai FTIR cua vat liéu trudc

hap phu.
A
1 /
/‘"‘ oA f
ks W MY
PP-Biochar ' "y .
W) _-.
CC-Biochar \ - - N
VA ‘ L oy //‘\\
\\"”/ .
- N

g —————————
4000 3500 2000 2500 00; 1500 1000 0o

Wavenumber (em ')

Hinh 6. Ph6 hong ngoai FTIR ciia vat ligu sau
hap phu amoni.
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3.2 Anh hwéng cua cdc yéu té dén kha ndng
hap phu

3.2.1. Anh huong cua liéu lwong vat ligu

Khi thay doi lidu lwong vat liéu hip phy 4;
10; 20; 40 (g/L), thi higu suat hip phu dao dong
nhung xu hudng ting dan con dung luong hap
phu cua vat liéu giam dan (Hinh 7). So sanh kha
nang hip thy amoni ctia hai vat liéu, cho thay kha
ning hap phu cia CC-Biochar cao hon so véi
PP-Biochar khoang 2 1an ¢ cung liéu lugng 4
g/L, con & cac lidu luong cao hon thi hidu suit
va dung luong kha tuong ddng giira hai loai vat
liéu (Hinh 8).
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Hiéu suat hép phu tdt nhat cua vt liéu PP-
Biochar 14 43,28% va cua vat liéu CC-Biochar la
46,94% voi lidu lwong 10 g/L. Vi vat liéu PP-
Biochar, hiéu suat hap phy thap nhét 13 12,76%

& liéu luong 40 g/L. V&i vat liéu CC-Biochar,
hiéu suat hap phu thip nhit 1a 35,49% o licu
lwong 20 g/L. Két qua thuc nghiém cho thay, khi
tang liéu lugng hap phu 1én 20 va 40 g/L hiéu
suét hép phu cua hai loai vat li€u ché tao c6 xu
huéng giam. Piéu nay c6 thé do kha ning tiép
xuc ciia cac vi tri hdp phu véi ion amoni bj che
lap & liéu lugng cao, lam giam hiéu qua xir 1y. Vi
vay, liéu lugng hép phu tdi uu dugce lua chon ddi
v6i vat liéu than bién tinh PP-Biochar va CC-
Biochar 14 10 g/L. Liéu luong nay cao hon so v&i
vat liéu xu ly amoni mot sb nghién ctru trude nhu
than sinh hoc tir cdy dude (mangrove biochar)
(2 g/L) [17] va biochar tir dam gd soi (beech
wood chips -BBCh) va bun nudc thai sinh hoat
(sewage sludge - BSS) (4g/L) [18].

3.2.2. Anh hudng ciia thoi gian hdp phu

Anh huong cua thoi gian dén qué trinh hap
phu amoni cua vat li¢u than PP-Biochar va CC-
Biochar dugc thé hién trén Hinh 9 va Hinh 10.

Vit liéu PP-Biochar c6 hiéu suat hap phu
nhanh trong 60 phut dau tién, sau dé 6n dinh
trong khoang 23-30% tir 60 dén 240 phat. Tur
240 dén 300 phat PP-Biochar hip phu nhanh
chong luong amoni trong dung dich. Hiéu suat
dat duoc sau 300 phut 1a 41,68%, duong biéu
dién hiéu suét hép phu cua PP-Biochar c6 do dbe
16n tir mdc 240 dén 300 phat. Hiéu suét cao nhat
dat dugc 1a 41,68% tmg voi dung lugng hap phu
4,36 mg/g sau 5 gio (300 phut) hap phu. Sau do,
hiéu suat hap phu giam di c6 thé do qua trinh giai
hap dién ra sau 5 gio hip phu. Do vy, nghién
ctru tiép theo chon thoi gian phu hop cho qua
trinh xtr Iy amoni bang vat liéu 1a 60 phut.

Vit liéu CC-Biochar tir 0 dén 60 phat hap
phu nhanh chéng lugng amoni trong dung dich.
Hiéu suét dat dugc sau 60 phut hép phu la
37,55%. Thoi gian dat trang thai can bang lau
hon vit liéu PP-Biochar va dung luong hap phu
cua vat liéu CC-Biochar cao hon so véi vat liéu
PP-Biochar. Amoni bi hap phu nhiéu nhét sau 6
gid (360 phit) hap phu, hiéu suit dat duogc 1a
49,19% ung voi dung luong hap phu 1a 5,145
mg/g. Vit liéu CC-Biochar c6 kha nang hap phu
thém lwong amoni néu kéo dai thoi gian trong
khoang khao sat nhung khong dang ké. Vi vay,
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ca 2 vat liéu c6 thé chon thoi gian xir Iy phit hop
12 60 phat.

Mot vat ligu khac dugc nghién ctru la than
sinh hoc tir 161 ngd bién tinh véi HNO3 va NaOH,
¢6 dung lwong hip phu 1a 22,6 mg NHs*-N/g
[19]. So sanh véi nghién ctru [14] cho thay H-
CCB ciing c6 tdc @6 hip phu amoni nhanh trong
giai doan ddu va dat trang thai cin bang sau
khoang 6 gio. Thi nghiém kinetic trong nghién

clru d6 duoc tién hanh véi néng d6 ban dau
Co =40 mg/L va liéu lugng 0,125 g trong 25 mL
(= 5 g/L), theo ddi dén 24 gio. Két qua cho thy
tai 6 gio, hi€u suét loai bo amoni dat 51,0%
(Q: = 4,08 mg/g) dbi voi CCB, 61,59% ddi véi
P-CCB va 60,82% d6i voi H-CCB; sau 24 gio,
P-CCB va H-CCB tiép tuc dat hiéu suit cao hon
(84,44%, Q. = 6,88 mg/g va 81,94%, Q. = 6,61
mg/g, tuong ng).
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Trong khi d6, két qua cua nghién ctru nay
cho théy & 60 phut, vat liéu PP-Biochar dat hi¢u
suat 41,68% va CC-Biochar dat 37,55%, cao hon
so v6i gia tri ban dau (0-60 phut) quan sat dugc
tir d0 thi ciia H-CCB [14]. Dleu nay goi y rang,
mic do H-CCB c¢6 wu thé vé dién tich bé mat va
cAu tric mao quan, hiéu qua loai bo amoni vuot
troi cta nod chi thuc sy thé hién rd khi kéo dai
thoi gian hap phu dén nhiéu gio. Nguoc lai, vat
lidu biochar trong nghién ctru nay cho thiy wu
thé & giai doan ngan han (< 60 phut), phu hop
hon cho céc tmg dung yéu cau xt ly nhanh.

Than hoat tinh bién tinh bang acid hitu co
(AC-RCOONa) da dugc nghién ctru nhu mot vat
liéu hap phu hiéu qua d6i véi amoni trong dung
dich nudc [20]. Vat liéu nay dugc ching minh
¢6 dung luong hip phu cuc dai theo md hinh
Langmuir dat t6i 19,34 mg/g va co ché hap phu
chu yéu thong qua qua trinh trao ddi. Su khéc
biét nay co thé giai thich boi AC-RCOONa c6
dién tich bé mat va s6 lugng nhom chirc (—-COO-
Na*) cao hon dang ké, gitip tang kha ning tuong
tac voi ion amoni; va biochar trong nghién ctu
nay mic du c6 cu trac mao quan phat trién, song
ham lugng nhom chire phén cuc han ché, dan dén
dung lugng hap phu thap hon. Tuy vay, biochar
van c6 uvu diém ¢ kha ning san xudt tir ngudn
nguyén liu tai tao, chi phi thap va tinh bén vimng
vé mat mdi trudng, do d6 c6 tiém nang tmg dung
trong xu 1y nudc thai quy mo 16n.

4. Két luan

Nghién ctru da ché tao thanh cong vat li€u
than bién tinh PP-Biochar va CC-Biochar tir chat
thai nong nghiép cui budi, 161 ngd dé hap phu
amoni trong nudc. Két qua phan tich SEM va
FTIR cho thdy ca PP-Biochar va CC—Biochar
déu c6 céu trac xdp véi hé thong mao quan phat
trién va chira cac nhém chic phin cyc nhu
hydroxyl, carboxyl va carbonyl, tao diéu kién
thuén loi cho qua trinh hip phu ion NHs*. Tuy
nhién, CC—Biochar c6 bé mat tho rap, nhiéu 16
rong hon va cudng d6 cac nhém chiac —OH,
C=0, —C-0O- manh hon so v&i PP-Biochar, phan
anh kha ning hoat hoa bé mat va tuong tac hip
phu cao hon. Su khac biét vé cAu trac bé mat va

mirc d6 phat trién nhém chirc khién CC-Biochar
o tiém nang hép phu amoni vugt trdi hon so véi
PP-Biochar.

Két qua xur ly nudc thai sau phuong phap
chung cAt nhiét (voi nong do 14,75 mg N/L) cho
thay, liéu lwong anh huong dén hiéu suét va dung
luong hap phu amoni bang cac vat liéu ché tao
duge va 10 g/L dugce chon la lidu lugng phu hop
nhat do duy tri hiéu suat va dung luong 6n dinh.
Ngoai ra, hai loai vét liéu c6 kha ning hap phu
nhanh ¢ 60 phut dau tién. Hiéu suit cao nhét dat
duogc cua vat liéu PP-Biochar 1a 41,68% ting voi
dung luong hip phu 4,36 mg/g sau 5 gio (300
phat) lidu lwong 10 g/L. Véi vat lieu CC-
Biochar, amoni bi hdp phu nhiéu nhét sau 6 gio
(360 phat) ¢ liéu lugng 10 g/L, hiéu suét dat
duogc 14 49,19% tng véi dung lwong hip phu la
5,145 mg/g. Két qua bude dau cho thiy, ca hai
loai vat liéu déu co6 kha nang xir Iy amoni va ¢
thé tién hanh thém cac nghién ctru dé t6i wu hoa
hodc ché tao ciing nhu nang cao hiéu suét xtr Iy
amoni trong nudc.
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