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TOM TAT

Tro bay logi F tir nha may nhiét dién Duyén Hai ¢ Viét Nam duwoc su dung d‘é"' tong hop
zeolite A nham hap phu amoni trong nuoc thdi. Zeolite A co cau truc hinh khoi duoc tong hop tir
tro bay than bang phwong phap thiy nhi¢t voi sw ho tro cua song siéu am. Vat lieu nay duogc
phan tich dac trung boi XRD, SEM dé nghién cieu vé hinh thdi va tinh thé. Tinh chat hap phu cia
|on amoni (NH,") tr méi triong niede lén zeolite A dwoc khao sat dudi dang ham cia cdc thong
$6 nhw thoi gian cdn bang nong dé NHy* ban dau, lrong zeolite dige sir dung Zeolite A tong
hop dwoc cho thdy toc d¢ hdp phu nhanh va dung heong hdp phu cao, cho thdy ddy la vit liéu
tiém néng dé xir Iy cdc chat 6 nhiem NH," tir nudc thdi, ddc biét ¢ cdc giai doan xir Iy ndng cao
amoni. Nghién ciru cho thay qua trinh hdp phu tudn theo dong thoi duong dang nhiét hap phu
Langmuir va Freundlich.
T khoa: Tro bay; Zeolite A; Hép phu; Siéu am; NH,".

1. PAT VAN PE

Zeolite A 1a mot trong nhiéu loai zeolite dwoc tong hop tir tro bay nhiét dién than, c6 nhiéu
ung dung trong cong nghiép nhu 1am chét phu gia trong bot glat chat hap phy trong xir Iy moi
truong, chat hiit am, hodc ray phén tir,... Trong d6, kha ning hap phu cua zeolite A dugc ung
dung nhiéu trong xtr Iy cac chit 6 nhidm trong ao nudi, xir Iy cac kim loai ning (KLN) va NH,"
trong nudc thai [4].

Tai Viét Nam, amoni trong nudc thai sinh hoat khoang tir 28-34 mg/L trong khi QCVN
14:2008/BTNMT, ¢t A quy dinh ndng d6 amoni (tinh theo N) trong nudc thai sau xu 1y t6i da 5
mg/L. Nudc thai tr cac bénh vién chira ham lugng amoni dac trung tir 15-30 mg/L, trong khi
QCVN 28:2010/BTNMT quy dinh giéi han xa thai co s& d6i véi amoni la 5 mg/L (cot A) va 10
mg/L (cot B). Nudc thai tir nhidu cum cong nghlep tai Ha N01 c¢6 nong do tir 40-50 mg/L. Pic
biét, amoni trong nuéce thai nganh cong nghiép gidy va bot gidy vuot 84 1an tiéu chuan cho phép.
Ngoal ra, ngudn nudc thai chira nhiéu amoni phat sinh tir trang trai chan nudi nong ngh1ep va
mot s nganh cong nghiép nhu san xuat phan bon tong hop, ma dién, hoan thién bé mit, tong
hop acrylonitrile, thudc da, san xuat bot ngot,... [2, 3].

Hién nay, c6 nhiéu phwong phap dé xir Iy amoni nhu phuong phép sinh hoc phu(mg phap clo
hoa, phuong phap tach khi, phuong phap trao d6i ion. Tuy theo timg ngudn 6 nhidm va ham
lugng amoni ¢ trong nudce thai, ta co thé chon mot trong cac phuong phap hodc phdi hop nhiéu
phuong phép xt 1y dé néu trén [2, 3]. Trong do, phuong phap trao ddi ion cho théy dac biét phu
hop voi cac nguon nudce thai kho ap dung phuong phap sinh hoc, hoac cac ngudn thai cé luu
lwong nho, doi hoi chét lugng nude thai sau xir 1y cao.

Trong nghién ciru ndy, zeolite A sau khi duoc téng hop thanh cong tir tro bay nhiét dién than
Duyén Hai da duogc sur dung dé khao sat cac dic trung cua loai vat li€u nay nham danh gia kha
nang ng dung trong xt ly amoni trong nudc thai [7].
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Hinh 1. Anh chup SEM ciia zeolite A tong hop duoc:
a) Phong dai 10.000 lan; b) Phong dai 2.000 lan [7].

2. VAT LIEU VA PHUONG PHAP

2.1. Vit li¢u

Mau nuéc ’théi nhéan tao dugc pha tir cac ‘héa chét loai Analytical grade (NH4CI, NiCl, va
ZnCly). Véi doi tuong nghién clru la cac ngudn nude thai kho dp dung phuong phap sinh hoc,
hodc cac nguf)n thai c¢6 luu lugng nho, doi hoi c}}ét luong puéc thai sau xur 1y cao, nghién cuu
chon diy nong d¢ nghién ctru ctia NH," ¢ ddy nong do thap (<50 mg/L NH,"-N) véi muyc tiéu
dam bao nudc thai sau xu ly dat cft A cua cac quy chudn hién hanh nhu QCVN
40:2011/BTNMT, QCVN 14:2008/BTNMT (nong d6 NH,; -N <5 mg/L).

Anh huong cua cac KLN d6i voi qua trinh xir Iy NH," s& du:qc nghién ctru v6i nong do kim
loai ¢ day ph6 bién cua cac nha may xi ma (<10 mg/L). Ddy nong do KLN >10 mg/L khong
dugc su dung trong nghién ctru do chung thuong duge tién xtr Iy bang cac phuong phép hoa hoc,
hoa 1y nham giam ndng do cac KLN nay trude khi vao bude xir Iy nang cao bang phuong phap
trao d6i ion.

Zeolite A tong hop tir tro bay nha may nhiét dién than tai Viét Nam theo quy trinh siéu am 02
giai doan duoc st dung dé khao sat trong nghién ctru nay [7].

2.2. Thiét ké thi nghiém

M hinh thi nghiém dang mé véi cac thong sé co ban cia md hinh nhu sau:

- Cong suat: 100 — 200 mL/mé

- Toc d6 khuay: 200 vong/phat.

- Loc bang may hut chan khong, giay loc s¢i thiy tinh 0,6 um.

Thi nghiém xac dinh thoi gian tlep xuc toi uu 14 can thiét truge khi xdy dung duong dang
nhiét hap phu. Tir duong dang nhiét hap phu c6 thé xac dinh cac yeu t6 lién quan khac nhu nong
do chét hap phu cén thiét, hiéu qua hap phu, dung luong hép phu, ndng do chit 6 nhiém sau hap
phu do cac yéu t6 nay déu c6 lién quan mat thiét véi nhau. Nghién ctru hip phu cac chat 6 nhiém
1én zeolite thyc hién ¢ pH ty nhién va ¢ nhiét do moi truong xung quanh. Chat hap phu 1a zeolite
c6 toc do hap phq nhanh nén thoi gian khdo sat chi can gidi han trong 30 phut. Bé dat dugc muc
tiéu nghién ciru d¢ ra, cac thi nghiém sau da duoc thyc hién:

- Thi nghiém 1: Xéc dinh thoi gian dat cAn bang (thoi gian tiép xtc t6i uu).

- Thi nghi€m 2: Xay dung duong dang nhiét hap phu.

- Thi nghiém 3: Xac dinh anh hudng cua cac cation canh tranh.

2.3. Phwong phap phén tich va xir Iy s6 li¢u

Xac dinh ham lwong NH," bing phuong phap S0 mau Voi thudc thir Nessler theo TCVN

6179-1:1996. Ham lugng cac kim loai ning trong mau nudc thai dugc xac dinh bang phuong
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phép khi phd nguyén tir (ICP-MS) theo phuong phap SMEWW: 3125B: 2017. S li¢u trinh bay
trong nghién ctru nay la gia tri trung binh cua 03 lan do lap lai.
Pé danh gia s6 ligu thi nghiém phu hop véi dudng dang nhiét hip phu Langmuir hay
Freundlich, ta tién hanh tuyén tinh hoa cac duong dang nhiét.
Puong dang nhiét Langmuir c6 cong thirc nhur sau:
K an
PN (1)

q B qmax 1+ KLangC

Trong do:
- Omax: Kha ning hép phu ti da cta chat hip phu (mg/g).
- Kiang: ThONg s6 md ta 4i lyc clia chat duge hip phu ddi véi chét hip phy (L/mg).
Pé tim qmax Va Kiang, can tuyén tinh hoa duong dé‘ing nhiét Langmuir thanh:
1 1 1 1
+ )

q qmaxKLang c qmax

Puong dang nhiét Freundlich c6 cong thirc nhu sau:
g=Kc" hogc q=Kc"" ®)

Trong do:
- K: Chi sb 4i lyc trung binh ciia toan bd bé mit chit hap phu dbi véi chat duge hap phu (mg"

l/nLllng-l)'
- (1/n) hay (n): Phan 4nh sy phan bd ciia i luc ctia bé mét chat hap phu 1én chit dugc hip phu

(khong tht nguyén).
Dé tim K va (1/n), cn tuyén tinh hoa dudng ding nhiét Freundlich thanh:

Iogq=logK+1Iogc 4)
n

3. KET QUA VA THAO LUAN

3.1. X4c dinh thoi gian cin bang
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Hinh 2. Thoi gian dat cdn bang hdp phu NH," 1én zeolite A.

Két qua cho thay dbi v6i dung dich NH4" ¢6 ndng d6 ban dau ¢ = 20 mg/L NH,*-N, sir dung
chét hap phu trong dung dich v&i nong d6 Cepg nép phu = 200 m@/50 mL dat can bang trong khoang
5 phit va ndng d6 NH," con lai trong dung dich ¢ = 6,26 mg/L NH,*-N. Qua trinh hap phu c6 thé
dat can bang nhanh chong do chit hip phu dang bt c6 dién tich bé mit riéng 16n va dudng
khuéch tan tir pha 16ng t6i bé mit chat hap phu ngan. Ban diu, cac vi tri hap phu trén chat héap
phu con tréng va gradient ndng d6 chat 6 nhidm cao nén dan dén tdc d6 hap phu rit cao. Trong
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truong hop cua zeolite A, céc vi tri ha‘ip phu 12 céc vi tri ¢6 ion linh dong Na®. Téc do hép phu
trong nghién ctru nay cao hon so véi két qua nghién ctru ciia Yafei Zhao, 2010 [11] (dat can bang
trong 15 pht, Ceps nip phe = 500 M@/50 mL, ¢o = 100 mg/L NH,"™-N, ¢ = 20 mg/L NH,"-N). Pang
lwu y 14 zeolite A do Yafei Zhao tong hop la tir khoang sét halloysite mineral bang phwong phép
thuy nhiét. M. Visa (2015) [9] sir dung chat hip phu aluminosilicate d& hap phu cac KLN c6
néng do ban dau Cocgr+=0,560 mg/L Coc:u2+—0 330 mg/L and Coniz+=0,300 mg/L v&i Cenie nép
phy=100 mg/50mL thi thoi gian can bang can dén 60 phut. Thoi gian cén bang kéo dai 60 phat
trong nghién ciru ciia M. Visa (2015) [9] c6 thé do ban chét cta chat hip phu va mot phan do
gradient nong do chit 6 nhiém khéng cao. Nam 2013, Nguyén Tran Hong Phuong [8] da tng
hop thanh cong zeolite 4A tir cao lanh Binh Phudc bang phuong phép thiy nhiét, tuy nhién, thoi
gian hap phu dat can bang can dén 3 gio.
3.2. Xdy dung dwong ding nhiét hip phu

Bing 1. Két qua thi nghiém cdn bang hdp phu.

Mau  Copginép pre (MG/50mML)  C (mg/L NH4 -N)

1 0 20,26

2 25 10,23

3 50 6,30

4 100 3,77

5 150 2,37

6 200 1,78

7 300 1,46

Bing 2. Két qua xir Iy 56 liéu xdc dinh cdc cdp thong sé (q va c).
c Langmuir Freundlich
g y =1/q x=1/C y = logq X = logC
20,08 10 0,05 0,10 1,30 1,01
13,97 6 0,07 0,16 1,15 0,80
8,25 4 0,12 0,27 0,92 0,58
5,96 2 0,17 0,42 0,78 0,37
4,62 2 0,22 0,56 0,66 0,25
3,13 1 0,32 0,68 0,50 0,17
Phuong trinh tuyén tinh duong ding nhiét Langmuir dugc xac dinh trong phuong trinh (5):
y =0,4262x + 0,0023 (5)
Tur phuong trinh (5), ta xac dinh dugc:
1 0,0023 — q,,,, =434,8 (mg/qg)
Ormax
1 =0,4262 —> K ,,, =0,0054 (L/mg)
qmax Lang

Phuong trinh dudng dang nhiét hip phu theo Langmuir cia NH," 1én zeolite A dugc biéu dién
& phuong trinh (6):
Omex KLange ~ 434,8(mg / g) x 0,0054(L/mg) x c(mg/ L) 6
1+K 1+0,0054(L/mg) x c(mg/L) ©)

q:

LangC
Phuong trinh tuyén tinh duong ding nhiét Freundlich duoc xac dinh trong phwong trinh (7):
y =0,9122x + 0,4004 (7
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Hinh 3. Phurong trinh tuyén tinh ciia dwong dang nhiét Langmuir.
Tur phuong trinh (7), ta xac dinh dugc:
1/n =0,9122, tinh dugc n = 1,096.
logK = 0,4004, tinh dugc K = 2,5142 (mg**"LY"g?).

_Phuong trinh dudng dang nhiét hap phu theo Freundlich cia NH," 1én zeolite A duoc biéu
dién ¢ phuong trinh (8):

q = 2,5142C*%% 8)
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Hinh 4. Phirong trinh tuyén tinh cia dwong dang nhiét Freundlich.

C6 thé théy qué trinh hap phu NH4 1én zeolite A c6 thé dugc biéu dién df)ng thoi bang duong
dang nhiét hap phy Langmuir (R = 0,9694) va Freundlich (R2 = 0,9868). Néu qua trinh hap phu
nay thuan tay 1a qua trinh trao doi i ion v6i cdc vi tri hap phu 1a dong nhét thi phuong trinh duong
dang nhiét hap phu (6) s& biéu din tot nhit cho qué trinh nay. Trong truong hop nay, c6 thé xac
dinh kha nang hap phu t6i da cua zeolite A doi v6i ion NH," 12 Grax = 434,8 (Mg NH,"-N/g
zeolite A). Bén canh do, duong hap phu dang nhiét Freundlich cling biéu dién rat tot qua trinh
hap phu nay, tham chi v6i h¢ s6 hdi quy R? con t6t hon, cho thay qué trinh hap phu ion NH," Ién
zeolite A ngoai co ché trao d6i ion la chit yéu, con ¢ thé co thém qua trinh hap phu ion NH," 1én
bé mit cua zeolite A. Luc do, (max CON €O thé cao hon 434,8 (mg NH4 -N/g zeolite A) va dugc
biéu din boi phuong trinh (8). Két qua nay ciing phi hop véi so dd biéu dién dang dwong ding
nhiét hap phu trong tai liéu ciia Benjamin and Lawler Textbook [1] va Wang J., 2020 [10], trong
d6, néu dudng dang nhiét hap phu tuén theo Langmuir thi khi nong do chat hoa tan tang, kha
nang hap phu q s& ting dan cho dén khi dat gia tri cuc dai qmax. Néu dudng ding nhiét hap phu
tuan theo Freundlich thi khi nong do chat hoa tan ting, kha ning hip phu q s& ting theo. Tuy
nhién, diéu nay c6 thé chi dung trong day lan can diy nong do khao sat do NH," hap phu 1én bé
mat cua zeolite A 1a c6 gioi han.
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Két qua nay tét hon rat nhiéu so véi nghién ctu caa Yafei Zhao, 2010 [11] (Imax = 44,3 mg
NH,*/g zeolite A tong hop tir khoang sét halloysite mineral), Nguyen Tran Hong Phuong [8]
(21,16 mg NH,*/1g zeolite 4A) va tot hon nhiéu so v&i mot sé chat hap phu tu nhién nhu zeolite
clinoptilolite ty nhién (12,5 mg/g), zeolite clinoptilolite bién tinh (16,1 mg/g), hay mordenite
(9,48 mg/g) [5]. Két qua nghién cuu cho thay c6 thé tong hop duoc zeolite A tir tro bay than véi
kha nang hap phu tét. Kha ning hap phu tét cua zeolite A 1a két qua ciia quy trinh tong hop
zeolite A theo phuong phap thay nhiét véi su hd tro cia siéu am, tao duoc zeolite A c6 do két
tinh va do tinh khiét, dién tich bé mit cao, dong thoi kich thude hat nho [7].

3.3. Xdc dinh dnh hwéng ctia cac cation canh tranh

Két qua thi nghiém & hinh 5 va hinh 6 cho thay rang, khi nudc thai chira NH," c6 miat dong
thoi cac ion kim loai, trong truong hop nay 1a NH," va Zn** hodc NH," va Ni** thi zeolite A s& uu
tién hap phy ion héa tri 2 1a Zn*" va Ni**. Diéu nay phu hop véi ly thuyét ma Metcalf va Eddy
téng hop duoc, & néng do thép, gia tri cia hé s6 chon loc ddi véi su trao doi cia céac ion hoa trj
hai 16n hon so vo1 cac ion don hoa tri.
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Hinh 6. Biéu do su canh tranh cia ion NH," va Ni?

" trong nuée thdi.

Qua trinh hap phu cla NH{ 1én zeolite 12 qua trinh trao ddi ion giita NH," trong dung dich va
Na" tir zeolite A, dugc biéu dién & phuong trinh (9):

Z —Na"+NH;"=Z - NH," + Na"

(9)

Trong d6, Z' 1a nhom mang dién tich am cua zeolite. Qua trinh trao doi ion mang tinh thun
nghich, do d6, khi nong d6 Naitrong dung dich tang 1€n, phan g s& dich chuyén tir phai sang trai.

Khi cac ion Zn*, Ni®*

¢6 su canh tranh cua cac ion Zn*,

c6 mat dong thoi voi NH,', kha nang hap phy clia NH," 1én zeolite s& giam do
Ni%*. Két qua twong tir di dugc bao céo trudce day [6, 11].
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4. KET LUAN

Zeolite A tong hop dugc c6 tdc do hap phu rat nhanh va dat can bang trong khoang 5 phiit.
Day 1a két qua rat dang quan tim so véi cac két qua nghién ciru trude day. Do tdc do dat can
bang nhanh nén viéc xay dyng phuong trinh déng hoc ctia qua trinh hap phu nay 1 khong can
thiét. Kha ning hap phu tdi da cia zeolite A d6i v6i ion NH," 12 Qmax = 434,8 (mg NH,*-N/g
zeolite A), cling 1a két qua rat tot so v&i cac nghién ctru trude ddy va so voi cac loai vat liéu hip
phu tu nhién khac. Phuong trinh duong hap phu déng nhiét Freundlich biéu dién ¢ phuong trinh
(8) va Langmuir, biéu dién & phuong trinh (6) déu biéu dién tét cho qua trinh hap phu nay, ching
t6 qua trinh hép phu ion NH," 1én zeolite A ngoai co ché trao doi ion 1a chii yéu, con cé thé co
thém qua trinh hap phu ion NH," 1én bé mat cia zeolite A. Su c6 mit cta ion kim loai hoa trj 2
trong nudc thai s& gdy anh huong dén hiéu qua xir Iy amoni.
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ABSTRACT
Adsorption of ammonia in wastewater using zeolite synthesized from coal fly ash

Class F fly ash from Duyen Hai thermal power plant in Vietnam was used to synthesize
zeolite A for the adsorption of ammonium in wastewater. Well-ordered cubic zeolite A was
first synthesized using fly ash as source material by hydro-thermal method assisted by
ultrasound. This material was characterized by XRD, SEM to study the morphology and
crystallinity. The adsorption properties of ammonium ions (NH,") from aqueous medium
onto zeolite A were investigated as a function of parameters such as equilibrium time,
initial NH," concentration, amount of zeolite used. The synthesized zeolite A displayed a
fast adsorption rate and high adsorption capacity, indicating that this is a potential
material for the treatment of NH," from wastewater, especially in advanced ammonium
treatment stages. The study shows that the adsorption process follows the Langmuir and
Freundlich adsorption isotherms simultaneously.

Keywords: Coal fly ash; Zeolite A; Adsorption; Ultrasound; Ammonium ions.
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