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"Trudng Dai hoc Viét Nhat, Dai hoc
Qudc Gia Ha Noi

XU ly nudc thai hiéu qua trudc khi thai ra ngoai moi truong la moét trong nhiing coéng doan quan
trong trong hoat dong san xudt, phét trién kinh t& gan lién véi bdo vé moi trudng. Bai bdo nhdm
danh gia va so sanh kha nang hap phu amoni ctia cac vat liéu geopolymer bién tinh tir cac alu-
minosilicate bao gom tro bay, laterite va bentonite, ting dung cho x Iy nudc thai chan nuéi tai xa
Giang Son, huyén Gia Binh, tinh Bac Ninh. Két qua cho thay cac vat liéu tro bay, laterite va bentonite
tho cé dung lugng va hiéu suat hap phu thap, gid tri lan luct la 0,19 mg/g va 8,53%; 0,28 mg/g va
10,54%; 0,175 mg/g va 7,95%. Sau khi bién tinh bang dung dich NaOH va Na,SiO3, dung lugng va
hiéu suat hdp phu amoni clia cac vat liéu nay tdng khoang 6,4 lan. Trong dé, laterite bién tinh cé
kha nang xu ly amoni tot nhat véi dung lugng va hiéu sudt hap phu lan lugt la 1,26 mg/g va 54.3%.
Ngoai ra, ham lugng amoni trong nudc thai chan nudi sau khi xtr ly qua ham biogas trong khu vuc
nghién ctu & muc cao, dao dong tir 120-241 mg/L, trung binh cao hon QCVN 62-MT:2016/BTNMT
khodng 1,26 lan. Trong s6 cac vat liéu geopolymer & trén, geopolymer bién tinh ti laterite da xur
ly amoni trong nudc thai sau ham biogas & muc cho phép theo quy chuén trén. Can c6 thém céc
nghién ctu vé diéu kién thi nghiém khac nhau dé tim ra diéu kién t6i uu cho kha nang x{ ly amoni

clia cac vat liéu nay.
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nay con ton tai mo hinh xa thai truc tiép ra ngoai moi
truong hodc moé hinh da xti Iy qua hdm biogas véi hé
thong tho so, xt ly chua triét d€*. Véi mé hinh chin
nudi nay, chat lugng mai trudng nude c6 thé bi dnh
hudng va suy gidm, cdn c6 thém nhiing giai phap hiéu
qua trong xt ly nudc thai chan nuoi.

& Viét Nam, vat liéu hép phu xt ly nudc thai chan
nuodi da dugc khao sat gan day nhu Lé Vian Tam va
nkk?, than sinh hoc®. Luukkonen va nnk’, Sanguan-
pak va nnk® va Li va nnk® da khao sét viéc st dung
geopolymer lam vat liéu xt Iy 6 nhiém trong nudc thai
sinh hoat va chin nudi nhu Luukkonen va nnk”’, San-
guanpak va nnk® va Li va nnk® tuy nhién con han ché
& Viét Nam. Sanguanpak va nnk® da kiém tra kha
ndng xt ly amoni trong nudc thai chan nudi lgn ctia
vat liéu geopolymer tao thanh tit metakaolin véi hiéu
sudt hdp phu la 84% khi néng d6 amoni ban d4u la 75
mg/L.

Geopolymer dugc tao thanh ti qua trinh hoat hoéa
kiém cdc vat liéu c6 ngudn gbc aluminosilicate bing
céc dung dich kiém nhu NaOH, Na,SiO; '°. Cac vat
liéu aluminosilicate phé bién & Viét Nam 14 tro bay,
laterite va bentonite. Tro bay 1a cic san phdm thai ra
ti qué trinh d6t chay than ctia nha mdy nhiét dién,
c6 ham lugng Si va Al khoang 65 - 78% '!. Laterite 12
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mot khoang tu nhién c6 ham lugng cao SiO;, Al,O3
va Fe; O3, ¢6 cdu truc x0p gdm nhiéu 16 rong cé kich
cG tli 200 - 600 nm, dé hinh thanh tim hip phu
cac hat mang dién tich tao nén kha niang hip phu 12,
Bentonite la loai khodng sét ty nhién véi thanh phan
chinh 1a montmorillonit c6 ham lugng cao Si va A1'3.
Geopolymer ti cac vat liéu tro bay, laterite va ben-
tonite c6 kha nang xu ly cac chat 6 nhiém nhu kim

%15 amoni>!°. Tuy nhién,

loai ning 14 thudc nhudm
nghién ctiu danh gid va so sanh kha nang hép phu
amoni ctia cdc vat liéu nay con han ché. Bai bdo trinh
bay viéc danh gia hién trang moi trudng nudc xung
quanh khu vic chdn nudi xa Giang Son, huyén Gia
Binh, tinh Bic Ninh, hiéu qua xt ly amoni trong nuéc
thai tai khu vuc nghién ciu va tiém nang xt Iy amoni
trong nudc thai khu vic nghién ctiu cua cac vat liéu

geopolymer tii tro bay, laterite va bentonite.

PHUONG PHAP NGHIEN CUU

L4y mau va phan tich mau nuéc thai va nuéc
mat

Khio sit thyc dia va ldy 14 mau nudc vao thang 4 ndm
2023, trong d6 8 méu nudc thai tai cac ho gia dinh
chin nuoilgn va 6 mau nudc mit xung quanh khu vic
chan nuoi ¢ xa Giang Son, huyén Gia Binh, tinh Bac
Ninh nhdm danh gid hiéu qua xt ly nudc thai chin
nudi va chit lugng nudc mit (Bang 1). Quy trinh ldy
mau nudc thai va nude mat xung quanh khu vyc chin
nuoi lan lugt dugc 1dy theo TCVN 6663-1: 2011 va
TCVN 6663-4:2016 1718

Phuong phap phan tich mau nuéc

Cac mau nudc sau khi 1y ngoai hién trudng can dugc
phén tich ngay khi 14y hodc trong thoi gian trong 24
gid voi diéu kién bdo quan mau theo TCVN 6663-
3:2016'°. Phan tich céc chi tiéu pH, DO, BODs,
COD, TSS, téng N, tdng P va amoni tai Phong Thi
nghiém Trong diém Dia méi trudng va Ung pho Bién
d6i khi hau, Khoa Dia chit, Trudng Pai hoc Khoa
hoc Tu nhién. Trong d6, cic thong s6 pH, DO, TSS
dugc tién hanh do bang may U-50 Series Horiba trong
diéu kién nhiét d¢ va anh sang thich hgp tai phong thi
nghiém; chi tiéu COD va BODs dugc do bang may
quang phé UV-VIS Hach DR6000. Déi v6i chi tiéu
COD c4n phd mau nudc trong 2 gid bang thiét bi DRB
200, dua 6ng mau sau khi da cong phd vao va chon
chuong trinh 435 COD HR cua thiét bi DR 6000 dé
tién hanh do. Ham lugng tdng P, téng N va NH,*
dugc xéc dinh bing phuong phép phan tich tu dong
dong lién tuc SKALAR (SAN++, Ha Lan).

Ché tao vat liéu geopolymer

Céc vat liéu dugc bién tinh geopolymer bao gom tro
bay tii nha mdy nhiét dién Pha Lai, vun da ong lat-
erite Thach That va bentonite Di Linh. Cac vat liéu
nay dugc bién tinh v6i NaOH va Na;SiO3 dudi cac
diéu kién tuong ty dé€ cé su so sdnh vé kha ning xu
ly amoni. St dung 41,7g NaOH 96% pha véi 100 mL
nudc cét, khudy tron dung dich viia pha véi Na;,SiOs3
véi ti 1€ 1,0:1,5 theo khéi lugng, thu dugce dung dich
kiém. Cho lan lugt tro bay, laterrit va bentonite véi
dung dich kiém véi ti 1& 1,5:1,0 theo khéi lugng va
khuéy bing mdy khudy trong 20 phut. DS hon hop ra
khuén va dé trong tt sdy 6 nhiét d¢ 60°C trong vong
48 gig, sau d6 nghién vé kich thudc hat min chay qua
ray 16 sang 0,25 mm. Céc vét liéu sau khi bién tinh
dugc rlia nude cit vé pH = 7 va sdy kho & nhiét do
105 ?C, sau d6 dugc bao quan trong tui zip trudc khi
tién hanh thi nghiém hdp phu.

Thi nghiém hap phu amoni

Thi nghiém hédp phu ctia 03 vat liéu tro bay, laterite
va bentonite th6 va bién tinh dugc thuc hién trong
diéu kién hidp phu & nhiét 46 phong véi 0,25 g vét
liéu hdp phu trong 25 mL dung dich NH4" & néng
d6 240 mg/LNH,* - dugc pha ché tit dung dich chudn
ndéng d6 1000 mg/L va miu nudc thai chin nudi lgn
sau biogas tai h¢ gia dinh & thon Tiéu X4, xa Gi-
ang Son, huyén Gia Binh, tinh Bac Ninh c¢6 néng d¢
nay tuong tng. Thi nghiém hép phu dugc lic trong
vong 24 gid voi toc do 160 vong trén phut. Sau khi
két thuac thi nghiém, méi vat liéu dugc loc tach khoi
dung dich. Nong d6 NHy*- ban d4u trong dung dich
va con lai sau thi nghiém hép phu dugc xdc dinh
bang phuong phép phén tich ty dong dong lién tuc
SKALAR (SAN++, Ha Lan).

Tt két qua phan tich, dung lugng hip phu va hiéu suat
hap phu ctia ion NH4 T cia cac vt liéu 1an lugt dugc
tinh theo cong thtic (1) va (2):

Qe _ (CO*Ce)V (1)
m
H% = (G -C) x 100% 2)
0

Trong do, Q. 1a dung lugng hdp phu (mg/g), Co va C,
lan lugt 1a ndng do NHy*- tai thoi diém ban dau va
tai thoi diém 24 gi¢ (mg/L); m la khoi lugng cua vét
liéu (g), V 1a thé tich dung dich (L), H 1a hiéu suét hip
phu (%).
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Bang 1: Dac diém va vi tri cdc mau nudc thai va nuéc mat

Nudc thai trudc biogas
Ki hiéu NTO1 NTO02 NTO03 NTO04
Tén ho gia dinh Nguyén Hoang Thi Trdn Vin  Lé Thi Hoa
Vin Dinh Thom Tuyén
S6 lugng (con lon) 10 12 8 8
bic diém Nudc thai dugc 14y ngay sau khi riia chuéng nudi va trude khi chay xuéng hdm biogas

Nudc thai sau biogas

Ki hiéu NTO01B NT02B NTO03B NTO04B

Tén ho gia Nguyén Hoang Thi Tran Van  LéThi Hoa

dinh Vin Dinh Thom Tuyén

S6 lugng 10 12 8 8

(con lgn)

Thé tich bé 12 m? 8 m? 10 m? 12m’

chua

bic diém Nudc thai dugc 14y sau khi xti 1i qua hdm biogas

Nudc mat

Ki hiéu NMO1 NMO02 NMO03 NMO04 NMO5 NMO06

Dic diém Chdé xa Choxdthdi Choxathdi Choéxdthdi Xakhuvic Xakhu vic
thdi gin  gin NT02 gin NTO03 gin NT04 x4 thai x4 thai
NTO1

KET QUA VA THAO LUAN

Chat lugng nudc thai chin nudi va ham
lugng amoni trong nuéc mat

Két qua phan tich cdc thong s6 trong mau nudc thai
chan nudi sau xt Iy hdm biogas trong khu vuc khao
sat cho thdy gid tri pH, TSS, BODs, COD, téng N, P,
NH4™" ¢6 gid trilan lugt1a 9,14 - 9,57; 225 - 476 mg/L,
596 - 690 mg/L; 1041 - 1472 mg/L; 167,2 - 426,2 mg/L;
49,2 - 74,8 mg/L; 149,2 - 425,3 mg/L. Két qua phan
tich cho thdy ham lugng trung binh cua tit ca cac
thong s6 trén déu vugt muic quy dinh theo tiéu chuin
QCVN 62-MT:2016/BTNMT?’. Cu thé, thong s6 vé
chit ran lo lting TSS vugt 2,47 14n va tong N vugt 1,62
lan. Dicbiét ham lugng trung binh BOD;5 vugt chuin
5,39 lan va COD vugt 3,26 14n so véi tiéu chuédn ghi
trong QCVN 62-MT:2016/BTNMT?°. Ham lugng
cao cac thong s6 mai trudng vigt quy chuén ctia nude
thai chan nu6i trong khu viic nghién ctiu can c6 thém
cac bién phap xi ly hiéu qua trudc khi thai ra moi
trudng.

Trong céc thong s6 trén, gid tri amoni va tdng N
trong mau nudc thai tai cc di€ém trén khac nhau
khong dédng k€ chi ra ham lugng N trong nudc mit

chtt yéu duéi dang NH4" . 05/06 miu nudc mit
xung quanh khu vuc chin nuéi da dugc kiém tra ham
lugng NH4*, két qua thé hién trong Hinh 1. C¢ thé
thdy rang 03/05 miu c6 ham lugng NHy *trong tiéu
chufn QCVN 08-MT:2015/BTNMT theo cét B. Tuy
nhién, miu nudc mit tai diém NMO02 va NMO05 cb
ham lugng NH4* tuong d6i cao 1a 4,1 mg/L va 4,86
mg/L vugt gid tri ngudng chudn trong QCVN 08-
MT:2015/BTNMT?!. Tai diém NM02, diém ldy miu
gin ngay di€ém xa thai NT02 ho gia dinh ba Nguyén
Thi Thom véi téng s6 lgn chin nudi gébm 12 con vét
nudi, tuy nhién thé tich hdm biogas tuong d6i nho 8
my, vi vy c6 thé hiéu qua xu li nudc thai chua dugc
triét d&, anh hudng dén ngudn nudc mit tai khu vuc
khao sat.

Khd nang hap phu amoni cta vat liéu
geopolymer

Dung lugng va hiéu suét hdp phu cta tro bay, lat-
erite, bentonite tho va bién tinh st dung dung dich
amoni pha trong phong thi nghiém dugc thé hién
trong Hinh 2. C¢ thé thdy ring dung lugng va hiéu
sudt hdp phu clia cac vat liéu tho bao gom tro bay, la-
terite, bentonite & muc thép chi dat lan lugt la 0,19
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Bang 2: Chat lugng nudc thai chan nuéi sau khi xit Iy ham biogas

TT Thong s6 Don vi Khoang gia tri Trung binh QCVN 62-
MT:2016
/BTNMT
1 pH - 9,14 - 9,57 9,31£0,16 5,5-9
2 TSS mg/L 225 - 476 370,66+66,21 150
3 BODs mg/L 596 - 690 539,16£172,70 100
4 COD mg/L 1041 - 1472 979,33£453,29 300
5 Téng N mg/L 167,2 - 426,2 242,63£108,92 150
6 T6ng P mg/L 49,2 - 74,8 64,85+9,31 -
7 NH4+ mg/L 149,2- 425,3 241,01£109,12 150
- sinh hoc mun cua khi ¢é cung ti 1¢ vat liéu hip phu,
. dung dich amoni?.
3 Hiéu qua xt ly amoni trong nuéc thai sau
;3 ’ khi sitdung ham biogas va vat liéu geopoly-
2 mer
LR — Ham lugng amoni trong nudc théi trudc khi qua ham
0.2 0. e 25 . A . A N
o Lem om 7 = biogas trong khu viic nghién cttu dao dong tir 265,2 -
NMO1 NMO02 NMO03 NMO04 NMOs5 NMO06

EZZANH:

e QCVN 08-MT:2015/BTNMT (C6tB)

Hinh 1: Ham lugng amoni trong nuéc mat

mg/g va 8,53%; 0,28 mg/g va 10,54%; 0,175 mg/g va
7,95%. Sau khi bién tinh bang dung dich NaOH va
Na;Si03, dung lugng va hiéu suat hdp phu amoni clia
céc vat liéu nay ting déng k€. Trong d6, hiéu suit xu
ly ctia tro bay, laterite va bentonite bién tinh lan lugt
tang 5,7; 5,2 va 2,8 14n so v6i cac vét liéu thd. Diéu nay
c6 thé giai thich khi vat liéu khodng silicate dugc hoat
héa kiém, aluminate va silicate trong vat liéu khoang
hoa tan duéi diéu kiém. Sau d6, cdu truc td dién Al
va Si trong vat liéu khoang dong lai, cac dién tich 4m
ti cdu truc td dién nay cin dugc cin bing bdi cac
cation, khi dugc st dung trong dung dich amoni, cc
ion NH,* dugc hdp phu béi cac dién tich am 4. Hiéu
sudt va dung lugng hdp phu ctia vat liéu laterite bién
tinh dat cao nhét 1a 54,3% va 1,26 mg/g.

Dung lugng hdp phu ctia cac vat liéu trén da dugc so
sanh v&i mot s6 vat liéu nhu than sinh hoc, than hoat
tinh, than tre va zeolite trong mét s6 cong bé trudc
d6 (Bang 3). Co6 thé thdy ring, vat liéu geopolymer ti
cac aluminosilicate tuy ¢6 dung lugng hdp phu amoni
th4p hon zeolite, tuy nhién cao hon so v6i mét s6 loai
than sinh hoc mun cua, cy say, than hoat tinh tii vo
dia, than tre. Dac biét, geopolymer tii laterite c6 dung
lugng hép phu amoni cao hon, gip 2,3 14n so v6i than

425,34 mg/L (Hinh 3). Sau khi qua hdm biogas, hiéu
sudt xti i amoni dat dugc tii 26,3% dén 67,6%. Trong
d6, ham lugng NHy* giam nhiéu nhit tai diém NT03
va NT04 1an lugt tir 425,34 mg/L xuéng 240,71mg/L
va 370 mg/L xuéng 120 mg/L.

Hinh 4 thé hién hiéu suit va dung lugng hip phu
amoni cta vét liéu geopolymer tii tro bay, laterite va
bentonite bién tinh st dung dung dich nudc thai sau
biogas. K&t qua cho théy hiéu sudt va dung lugng hip
phu amoni ctia cac vat liéu nay giam so véi st dung
dung dich amoni ty pha trong phong thi nghiém.
biéu nay co6 thé ly gidi do trong nudc thai ngoai
NH4 ", cic nguyén t6 canh tranh khic véi amoni
chiém chd trong vat liéu hdp phu nhu Ca, K, Na hay
kim loai ndng khac.

C6 thé thiy ring vt liéu laterite c6 hiéu suit hdp phu
cao nhdt so véi tro bay va bentonite trong nuéc thai
tuong tu véi dung dich amoni ty pha trong phong
thi nghiém. Sau khi xt Iy qua ham biogas véi hiéu
sudt xu ly dat 67,6%, amoni trong nudc thai sau bio-
gas tiép tuc dugc xu ly bang vat liéu hdp phu geopoly-
mer tit laterite, hiéu sut gidm thém 36,07% va giam
25,82% khi xt ly bing vat liéu hdp phu geopoly-
mer tUi bentonite. Ham lugng amoni sau khi xi ly
két hgp ham biogas va vét liéu geopolymer tii lat-
erite d@ nam trong ngudng gisi han trong QCVN 62-
MT:2016/BTNMT?° (Hinh 5). Nghién ctiu nay nhim
danh gid va so sanh kha nang hdp phu amoni ctia cac
vat liéu geopolymer bién tinh tii cac aluminosilicate
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Hinh 2: Dung lugng va hiéu sudt hap phu NH4* clia cac vat liéu geopolymer véGi dung dich amoni tu pha trong
phong thi nghiém

Bang 3: So sanh kha nang xi ly NH,* cta cac vat liéu

Vit liéu biéu kién thi nghiém
Ty 16 rin pH Nong do6 Dung  lugng  Nguon tailiéu
long (g/L) NH4+-N hép phu tai thoi
ban  ddu diém cin bang
(mg/L) (mg/g)
Geopolymer tti tro bay 10 7 240 1,21 Nghién  ctiu
nay
Geopolymer tii laterite 10 7 240 1,26 Nghién  ctiu
nay
Geopolymer tii bentonite 10 7 240 0,53 Nghién  ctu
nay
Than sinh hoc mun cua 10 5 20 0,55 2
Than hoat tinh thuong mai tit vo 20 - 10 0,1 2
diia
Than tre (bamboo charcoal) 6,7 - - 0,85 1w
Than sinh hoc ti cay say 20 7 2mM 0,51 Ze
Zeolite 24 8 80 2,78 »
Vat liéu EBB cii tién 150 6 50 0,255 26

Than sinh hoc tii tre 1 8 50 4,87 (cuc dai) x
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Hinh 3: Hiéu qua xt ly amoni sau khi st dung ham biogas

khéc nhau. C4n c6 thém céc di liéu vé dic tinh vat
liéu va thi nghiém hép phu duéi cac diéu kién khac
nhau dé c6 thé ludn gidi co ché hip phu cta tiing vat
liéu trén.

60% 1.2

&0
50% k1 E‘
9 0.85 &
< a0% ) 077 Los Z
& 2
o 30% 0.5 b o6 &
& =
= 20,08% g
& 20% roin <0-08% Fo4 E
2 |24 S
- fed =
£ 10% %% Loz &
i k<A A

0% 4 0

Tro bay Laterite Bentonite
[ZF3 Hiéu sudt hdp phu ~ @==@Dung lirong hdp phu

Hinh 4: Hiéu suat hap phu cla cic vat liéu trong
nudc thai chan nudi

KET LUAN VA KIEN NGHI

Bai bao trinh bay viéc ddnh gid hién trang nudc thai va
nudc mit, hiéu qua xt ly amoni qua ham biogas khu
vic chin nudi xa Giang Son, huyén Gia Binh, tinh Bic
Ninh. Ngoai ra, nghién ctiu ché tao, so sanh va danh
gid kha nang hip phu amoni ctia cdc vat liéu geopoly-
mer bién tinh tii cdc alumonisilicate bao gdm tro bay,
laterite va bentonite, ting dung cho xt ly nudc thai
chédn nudi trong khu vuc nghién ctu.

Chit lugng nudc thai trudc va sau khi xu ly biogas
déu chua dat chuén d€ xa thai ra ngoai mai trudng.
Két qua phén tich cho th4y ham lugng trung binh ctia
céc chi tiéu COD, TSS va NH4 ™ sau khi xt Iy qua
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Hinh 5: Ham lugng amoni sau khi xt ly bang vat liéu
geopolymer

biogas déu vugt cho phép tiéu chudn ctia QCVN 62-
MT:2016/BTNMT. Hiéu qua xt Iy nudc thai qua ham
biogas khic nhau cho tiing chi tiéu va tiing h¢ gia
dinh, dat trong khoang 5,55-87,2%. Céc chi tiéu DO,
TSS, BODs, COD, NHy* trong nu6c mit khu vuc
chédn nudi déu vugt gisi han cho phép trong QCVN
08-MT:2015/BTNMT.

Céc vat liéu tro bay, laterite va bentonite bién tinh cé
kha nang xt Iy amoni cao hon nhiéu 14n so véi vat liéu
thd. Trong ba loai vat liéu danh gia, vat liéu laterite
bién tinh c6 kha néng xt ly amoni t6t nhét véi dung
lugng va hiéu sudt hdp phu lan lugt 13 1,26 mg/g va
53,4% khi stt dung dung dich thi nghiém amoni. Khi
stt dung dung dich nudc thai, dung lugng va hiéu suit
hép phu amoni gidm dén do c6 su canh tranh ion tu
dung dich nudc thai. Geopolymer tii laterite da xu ly
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amoni trong nudc thai sau hdm biogas vé giéi han cho
phép theo QCVN 62-MT:2016/BTNMT. Cén c6 thém
cac nghién ctiu vé€ diéu kién thi nghiém khac nhau va
dic tinh vat liéu dé€ tim ra diéu kién t6i vu cho kha
ndng xt ly amoni clia cac vét liéu nay va ludn giai co
ché hdp phu ctia chung.

LOI CAM ON

Nghién ctiu nay dugc dugc tai trg kinh phi ti dé tai
Khoa hoc cong nghé Dai hoc Quéc gia Ha Noi ndm
2024, ma s6 QG.24.09.
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Study on the ammonium adsorption capacity of
aluminosilicate-based geopolymer for livestock wastewater
treatment at Giang Son Commune, Gia Binh District, Bac Ninh
Province

Nguyen Thi Khanh Huyen’, Ta Thi Hoai?3'*, Nguyen Thi Hai*3, Nguyen Thien Phuong Thao3, Tran Thi Dung?

ABSTRACT

Effective wastewater treatment before discharging into the surrounding environment is one of the
significant stages in production activities for economic development and environmental protec-
Use your smartphone to scan this tion. This paper presented the evaluation and comparison of the ammonium adsorption capacity
QR code and download this article of geopolymers modified from aluminosilicate materials including fly ash, laterite, and bentonite
for livestock wastewater treatment at Giang Son Commune, Gia Binh District, Bac Ninh rovince. The
obtained results showed that the raw fly ash, laterite, and bentonite possessed low adsorption ca-
pacity and efficiency with values of 0.19 mg/g, 8.53%; 0.28 mg/g, 10.54%; and 0.175 mg/g, 7.95%,
respectively. After modification with NaOH and Na,SiO3 solutions, the NHs* adsorption efficiency
of these materials increased approximately 6.4 times. Among them, the laterite-based geopolymer
showed the highest ammonium adsorption capacity and efficiency of 1.26 mg/g and 54.3%, re-
spectively. In addition, ammonium concentration in the livestock wastewater after biogas digester
treatment was 120-241 mg/L with an average value 1.26 times higher than the limited value in the
QCVN 62-MT:2016/BTNMT. The geopolymer from laterite removed NH4* in the livestock wastew-
ater after biogas to the limited value in QCVN 62-MT:2016/BTNMT. Further studies with different
experimental conditions should be conducted to determine the optimal conditions for the ammo-
nium adsorption capacity of these geopolymer materials.
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