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TOM TAT

Zeolite A tong hop tir tro bay than nha may nhiét dién duwoc iing dung dé xir ly amoni trong
mieoc thai theo md hinh cét lién tuc. Nghién cizu cho thay zeolite A ¢ dang hat xir Iy tot NH,"
trong nuoc thai bcing mo hinh xuw ly dang cot lién tuc voi hiéu quad xu Iy dat trén 90%. Cdc thong
0 thiét ké dwoc xdc dinh nhu toc do qua cot <20 m/h, chiéu cao 16p vat lieu > 600 mm, néng do
amoni dau vdao cé thé 1én dén 50 mg NHy'-N/L. Thoi gian téi han ciia cét tai 5,75 h véi néng do
Co=50 mg/L, H =600 mm, V = 5 m/h. M6 hinh nay hoan toan cé thé img dung trong thurc té xir
Iy amoni, thay thé cho phirong phdp xir Iy dang cot sir dung cdc logi vt liéu hdp phu khdc nhw
tro bay nhiét dién, than hoat tinh tir 161 ngo.

Tir khéa: Tro bay; Zeolite A; Hap phuy; Siéu am; NH,".
1. PAT VAN PE

Nito 1a mot trong nhiing nguyén t6 dinh dudng khong thé thiéu cho su séng trong d6 c6 sinh
truong va phat trién cta hé sinh thai thuy. Tuy nhién, néu cén bang dinh dudng (N,P) trong moi
truong nude mat bi mat va ham luong N du s& gy hién tuong phu dudng va lam suy giam chat
lwong nudc mat, von 1a ngudn cung cip nudc chinh cho hoat dong sinh hoat va san xuét ctia con
ngudi [3-4, 13].

Nito 1a chét 6 nhiém phd bién trong nhidu nguén nudc thai cong nghiép, nude thai chan nuodi
va nudc thai sinh hoat. Trong nudc thai sinh hoat, nito cht yéu ton tai & dang mudi amoni véi
ham lwgng dic trung cua NH, -N la 28- 34 mg/L. Viéc xa thai nude thai sinh hoat khong qua qua
trinh xir 1y hodc xir Iy khong dat yéu cu s& gy nén hién tugng phu dudng va 6 nhiém moi
truong. Quy chuén xa thai QCVN 14: 2008/BTNMT, cot A quy dinh nong do amoni (tinh theo N)
trong nude thai sau xtr 1y t6i da 5 mg/L [3, 4].

Xt Iy amoni trong nudc thai dang 13 vin dé rat dugc quan tdm. Cac qua trinh loai bé amoni
pho bién 1a xir Iy hoa hoc, vat 1y va xir 1y sinh hoc. Mot qua trinh dwoc quan tAm trong thoi gian
gan day dé loai bo amoni 1a hap phu bang vat liéu zeolite A tong hop tir tro bay than [8, 16].

Zeolite 1a mot giai phap thay thé day hta hen cho céc loai vat liéu hap phu khéc vi chi phi
thap, tinh chon loc va kha ning twong thich véi méi trudng tu nhién. Zeolite hinh thanh dua trén
nhitng don vi cdu triic co ban MO, 1a tir dién silica [SiO,]* va tr dién alumina [AIO,]> lién két
v6i nhau qua cac dinh oxi chung. Cac don vi cdu tric so cap la gidng nhau trong moi loai zeolite
(tam 1a Silic hodc Al, dinh 1a Oxy). Cac tir dién c6 thé dung chung cac sb oxi khac nhau tao nén
cac don vi cu trac tha cz‘ip khéc nhau, diéu d6 lam cho zeolite tré nén da dang. Khi tat ca oxi
trong tir dién SiO, dd dwoc dung chung thi tir dién silica s& trung hoa dién. Sy thay thé Si (IV)
béng Al (IIT) lam xuét hién trong cAu tric zeolite mot dién tich Am. Dé trung hoa dién tich 4m do,
trong zeolite ¢ cac cation duong bu trir dién tich am, thuong 1a Na*, K*, Ca*', Mg®*. Va ciing
chinh nh¢ sy c6 mét cla cac cation nay ma zeolite co tinh chét trao ddi ion. CAc cation c6 thé
trao d6i nay lam tang kha ning trao d6i ion hoic kha nang hap phu voi NH, [1, 5, 16].

Hitu Tép (2018) [15] d4 nghién cttu kha ning hdp phu amoni bang tro bay thd tir nhiét dién

Tap chi Nghién cieu KH&CN quén sw, Sé Pdc san Vién Nhiét ddi Méi trwong, 12-2022 9



Hoa hoc & Moi truong

than trén md hinh cot va cho thy tro bay thé c6 kha nang hap phy amoni nhung dung lugng hap
phu khong cao. Nghién ctu khao sat nong d6 amoni dau vao 10-30 mg/L, van toc dong 3, 6, 9
mL/Qhut (0,18-0,54 L/h), chiéu cao cot vat liéu hap phu 100-300 mm, van toc loc tinh theo don
vi thé tich 16p vat lieu tir 2-19 BV/h. Nghién ctru chua tinh toan kha ndng hap phu téi han va kha
nang hap phuy toan phan cua vat liéu.

Truong Pai hoc Khoa hoc (2019) [14] sir dung than sinh hoc bién tinh tir 18i ngd dé xu 1y
amoni trong nu6c. Nghién ciru khao sat cac toc do qua cot 1, 3, 6, 9 mL/phut (0,06 L/h, 0,18 L/h,
0,36 L/h va 0,54 L/h) va chieu cao cot vat ligu hap phu tir 80-240 mm, van toc loc tinh theo don
Vi ;hé tich lop vat Iiéq tur 4,2-38,2 BV/h. Ca hai nghién ctru trén déu nghién ciru ¢ van toc loc kha
thap, chua sat vai thiet ké thyc te.

Zeolite A sau khi dugc tong hop thanh cdng tir tro bay nhiét dién than Duyén Hai [9] da dugc
khao sat mot so thong s6 ddc trung cua vat li¢u zeolite A nhu thoi gian can bang, duong dang
nhiét hap phu, canh tranh véi céac ion kim loai h()g tri 2, kha nang hoan nguyén [10]. Trong
nghién ctru nay, zeolite A dang hat dugc st dung dé khao sat kha nang ‘xfr ly amoni trong nuéc
thai bang mo hinh cot lién tuc sir dung zeolite A dang hat va & day nong do thap cua NH,4"
(<50 mg/L). Nghién ctru khong tién hanh ¢ cac diy nong do cao hon do & cac khoang
nong do cao, cac phuong phap xur 1y khac s€ hi¢u qua hon. Nghién ctu nham muc dich
danh gia chat luong cua zeolite A tong hop duoc, dong thoi xdc dinh cac thong s6 thiét ké cua
md hinh hap phu dang cot sir dung zeolite A lam vat liéu hap phu.

2. VAT LIEU VA PHUONG PHAP
2.1. Vit li¢u

Mau nuéc thdi nhén tao dugc pha tir hoa chat NH4Cl loai dung cho phong thi nghiém. Zeolite
A sau lghi duoc tong hgp tir tro bay nha méy nhiét dién than tai Viét Nam [8] dugc tao vién va st
dung dé khao sat trong nghién ctru nay.

2.2. Thiét ké thi nghi¢m

M® hinh thi nghiém dang cot & phong thi nghiém dugc thiét 1ap véi cac thong s6 co ban nhu
dug‘mg kinh cOt: 34 mm, c’hiéu’ cao cpt: 80’0 mm. :Fhiét ké thi nghiérp tl}eo m(‘)’hinh dang cot
nham xac dinh cac thong so thiét ké can thiét, c6 thé ap dung trong thi€t ké Hé thong xur 1y nude
thai thyc té, gdm van tdc qua cot (V), nong d6 amoni dau vao (Cg) va chiéu cao 16p vat liéu hap

phu (H). Ttr do, danh gla tinh kha thi vé mat cong nghé cua viée str dung zeolite A téng hop tir
tro bay trong xir Iy NH," trong nuéc thai nham dat duoc cac quy chuan x4 thai.

Hinh 1. M6 hinh nghién cizu dang cét lién tuc.

Céc thi nghiém dugc quy hoach theo phuong phap ludn phién timg bién nhu sau:

- Thi nghiém 1- Xéc dinh vén tbc qua cot (V): nhim muc dich danh gia anh huong cla cac
van toc qua ct khac nhau dén kha nang hap phu amoni. C4 dinh Co = 20 mg/L NH,*-N, H = 600
mm, ting dan vén tc qua cot cho dén khi ndng d6 amoni dau’ ra (Cy) vuot qua gidi han cho phép
cta amoni trong nudc thai sau xur Iy (5 mg/L). Thi nghiém tién hanh véi V = 10 m/h, 20 m/h va
30,6 m/h (twong tng luu lwong Q = 4,9 L/h, 9,8 L/h va 15 L/h).

10 L. V. Tam, ..., P. H. Nhdt, “Xie I amoni trong nwéc thdi ... zeolite A tong hop tir tro bay than.”
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- Thi nghiém 2- Xac dinh ndng d6 amoni déu vao (Co): nhdm muc dich danh gia ndng d6 Co
cao nhat ma cot c¢6 thé xir Iy hiéu qua. Dya trén két qua nghién ctru cua thi nghiém 1, chon van
téc qua cot ¢d dinh V = 5 m/h (twong tng Q = 2,45 L/h), H = 600 mm, ting dan nong do Co, bt
dau tir Co = 30 mg/L NH,*-N cho dén khi nong d6 amoni dau ra (Cy) vuot qua gi6i han cho phép
clia amoni trong nudc thai sau xir Iy hodc khi dat dén Co = 50 mg/L NH,"-N (gi6i han pham vi
nghién ctru).

- Thi nghiém 3- Xac dinh chiéu cao cot hép phu: nhim muc dich xac dinh chiéu cao cot vat
lidu thdp nhat ma van dam bao kha ning hap phu amoni on dinh cia cot. Uu tién nghién ciru &
ndng d6 Co cao nhat, c¢b dinh Co= 50 mg/L NH,"-N, V = 5 m/h (twong tmg Q = 2,45 L/h), giam
dan chiéu cao cot vat liéu tir H = 600 mm xuéng 450 mm, 300 mm.

2.3. Phwong phap phén tich va xir Iy s liéu

Xéac dinh ham lwong NH4" bang phuong phép so mau voi thude thir Nessler theo TCVN
6179-1:1996. S liéu trinh bay trong nghién ctru nay 1a gia tri trung binh ciia 03 lan do lap lai.
Qué trinh hip phu dugc danh gia thong qua danh gia sb liéu thi nghiém, qua dwdng téi han va
qua ty s6 C/Co, trong d0, C; va C, 1a ndng d6 amoni dau ra va dau vao.

3. KET QUA VA THAO LUAN

3.1. Xac dinh van téc loc

Két qua thi nghiém & hinh 2 cho thiy, véi cung diéu kién nong d6 dau vao chat 6 nhiém va
clng chiéu cao cot vat lidu, khi nudc thai di qua cdt loc voi van toc <20 m/h thi nong d6 NH,*
sau 25 phut van hanh mé hinh van duy tri & muc 6n dinh, xap xi 1 mg NH,*-N/L, dat ngudng xa
thai 5 mg NH,"-N/L dugc quy dinh tai cot A ciia Quy chudn QCVN 40:2011/BTNMT, QCVN
14:2008/BTNMT. Trong khi d6 néu van hanh mé hinh véi van téc 30,57 m/h thi sau 25 phat
ndéng d6 NH," 1én dén 5,39 mg/L, vuot ngudng xa thai 5 mg NH,*-N/L. C6 thé thay tdc do loc
30,57 m/h 12 qua nhanh, khong du thoi gian luu dé qué trinh xtr Iy NH,* ¢6 thé dién ra trong cot.
Do d6, cac thi nghiém vé sau sé& chi tién hanh & van toc loc <20 m/h. Van tdc loc qua cOt trong
nghién ciru nay phi hop véi cac khoang vén tdc loc di cong bd trong mot sb tai liéu nghién ctru
trude day [2, 11]. Mot s6 nghién ciru twong tu khao sat v6i van toc kha thap, khoang tir 1-3 m/h
[14] hoic tir 0,4-1,91 m/h [15], khong sat v6i thong sb thiét ké trong thuc té. Trong nghién ciru
nay, dbi voi cac thi nghiém thyc hién véi van tdc loc < 20 m/h, hiéu qua xu Iy amoni déu dat trén
90%. Khi ting vin tde loc dén 30,57 m/h hiéu suét xir ly gidm nhanh.
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Hinh 2. Theo ddi kha nang xir Iy NH,* ¢ cac vdn téc qua cét khac nhau.
3.2. Xac dinh nong d$ amoni diu vao
’Két qua c"r‘h‘lnh 3 cho thdy & cung diéu kién chié%u cao ¢t vat liéu va van tdc loc, khi ndng d(_}
chat amoni déau vao (Co) tang thi nong d6 amoni dau ra (Cy) cing tang 1én va hi¢u qua xu ly (thé
hién qua ty s6 C/Cy) giam di. Khi Cy ting 1én thi dung lugng hap phu cén bang (q) cua vat liéu s&
tang 1én nhung khi Cy cang cao thi q s€ dat dén gia tri giéi han va khong tang nita. Nghién clru
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cho thiy khi Co tang dan tir 30 mg/L dén 50 mg/L, C;cé gia tri cao hon va c¢6 xu huéng ting dan
toi gia tri gioi han cua amoni trong nudce thai sau xur Iy (5 mg/L). Xu hudng tuong tu cling dugc
ghi nhéan khi thi nghiém hap phu amoni bang tro bay nhiét dién than [15] va than sinh hoc bién
tinh ttr 161 ngo [14].

Két qua thi nghiém cho thy & van toc qua cot 5 m/h, ndng d6 amoni dau ra van nam duoi nong
d6 gidi han ctia amoni trong nudc thai sau xur ly (5 mg/L) ngay ca trong trudng hop tang nong do
amoni dau vao 1én dén 50 mg/L, chimg t6 cot loc c6 kha nang xir Iy nudc thai véi ndng do dau vao
ctia NH4" 1én dén 50 mg/L. Hiéu qué xir Iy amoni trong céc thi nghiém déu dat trén 90%.
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Hinh 4. Duong hdp phu téi han theo céc chiéu cao cét.

Két qua & hinh 4 cho thdy, ¢ cung didu kién Co =50 mg/L, V = 5 m/h, khi chiéu dai cot vét
liéu giam thi thoi gian toi han va thoi gian bdo hoa ngin hon. Xu huéng twong tu duoc ghi nhan
trong nghién ctru hip phu amoni bang tro bay than [15] va than sinh hoc 15i ngé [14]. Thoi gian
td1 han va thoi gian bao hoa theo chiéu dai ¢6t 300 mm, 450 mm va 600 mm lan lwot 1a 1,42 h,
3,08 h va 5,75 h; 42 h, 60 h va trén 60 h. Cac nghién ciru truée day cho thiy thoi gian toi han
xudt hién sau 3 h voi Co= 40 mg/L, V = 1 m/h, vat lidu hap phu la than sinh hoc 15i ngd [14], hay
thoi gian t6i han 2 h véi Co =30 mg/L, V = 0,64 m/h, vat li¢u hap phu 1a tro bay than [15]. Thoi
gian t6i han cta 02 nghién ctru nay dai con do vén toc qua cot kha thap.

Két qua thi nghiém cho thdy chiéu cao ¢t hap phu 300 mm 1a khéng hiéu qua trong xir 1y
chat 6 nhiém khi néng d chat 6 nhiém dau ra cia NH," mau chong vuot qua ngudng xa thai 5
mg NH4 -N/L quy dinh tai mot s6 Quy chuén cta Viét Nam sau hon 1 h van hanh. Hé théng hoat
ddng 6n dinh hon véi chiéu cao cot hap phu 600 mm. Tuy nhién, ving biéu thj kha nang hép phu
con lai cta ¢t (ving 3 hinh 4) con rat 16n cho thay néu sir dung cot véi cac thong sb dau vao phu
hop c6 thé tan dung dugc hét kha nang xu 1y cta vat liéu. Cac thi nghiém 1 va 2 ciing cho thiy
v6i chidu cao cot hap phu 600 mm, kha nang xtr Iy 6n dinh hon khi van duy tri duoc nong d6 dau
ra ciia NH;" & muc tir 1-2 mg/L sau 1 h van hanh. Két qua cho thay chiéu cao cot hap phu ¢ mirc

12 L. V. Tam, ..., P. H. Nhdt, “Xie I amoni trong nwéc thdi ... zeolite A tong hop tir tro bay than.”
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600 mm 13 théng s6 phu hop trong thiét ké hé théng cot hap phu sir dung zeolite A dang hat. Tuy
nhién, nong d6 amoni diu vao thiét ké nén chon trung binh < 40 mg/L. Nong d6 Co = 50 mg/L
nén duogc xem nhu nong do tdi da trong thiét ké do hé thong kém on dinh khi van hanh lién tuc
v6i ndng d6 amoni 1én dén 50 mg/L, giy kho khin trong van hanh va theo ddi chat lugng nudc
sau xu ly.

4. KET LUAN

Zeolite ’A o dang hat ’c() ‘Ehé xu ly tot NH," trong nu’c’rg thai bﬁng md hinh xtr Iy dang cot lién
tuc. Mot s6 thong so thiét ké cho qua trinh xir Iy NH," bang zeolite A dang cot lién tuc da dugc
xac dinh:

+ Tbe do qua cot: <20 m/h;

+ Chiéu cao 16p vat liéu: > 600 mm;

+ Nong d6 dau vao NH," trung binh: < 40 mg NH,*-N/L;

+ Nong do NH," tbi da c6 thé xir Iy: 50 mg NH,*-N/L.

M0 hinh nay hoan toan c6 thé ng dung trong thyc té xu Iy amoni, thay thé cho phwong phap
xu 1y dang cot st dung cac loai vat liéu hap phu khac nhu tro bay nhiét di¢n, than hoat tinh tur I5i
ng’(). Thoi gian t6i han cua cot tai 5,75 h voi nong do Co= 50 mg/L, H = 600 mm, V =5 m/h cho
thay tiém niang tmg dung zeolite A trong xtr Iy NH," trong nuéc thai.

TAI LIEU THAM KHAO

[1]. Auerbach Scott M., Carrado Kathleen A., Dutta Prabir K. “Handbook of zeolite science and
technology ”, CRC Press, (2003).

[2]. Benjamin M. M., Lawler D. F. “Water Quality Engineering: Physical/Chemical Treatment
Processes ”, 1% Edition, Wiley, (2013).

[3]. Bo Tai nguyén va Méi truong, “Bdo cdo hién trang méi truong quéc gia giai doan 2016-2020", Ha
Noi, (2016).

[4]. Bo Tai nguyén va Méi truong, “Bdo cdo méi trieong quoc gia 2017- Chuyén dé quan 1y chat thai”,
Ha Noi, (2017).

[5]. b Quang Minh, “Héba hoc chat ridn”, Nha xuét ban Pai hoc Quc gia Thanh phd Ho Chi Minh, (2016).

[6]. Jha B., Singh D. N. “4 Review on synthesis, characterization and industrial applications of flyash
zeolites ”, Journal of Materials Education, VVol.33 (1-2), tr. 65-132, (2011).

[7]. Jnha V.K., Hayashi S. “Modification on natural clinoptilolite zeolite for its NH," retention capacity”,
Journal of Hazardous Materials, 169 (1-3), pp. 29-35, (2009).

[8]. LeiL.C., Li X.J., Zhang X.W. “Ammonium removal from aqueous solutions using microwave-treated
natural Chinese zeolite”, Separation Purification Technology, 58 (3), pp. 359-366, (2008).

[9]. Lé Van Tam, Nguyén Thanh Tung, Lé Thi Thu Thuy, Pham Hong Nhat, “Tdc déng cua siéu am Ién
qué trinh téng hop zeolite A tir tro bay than”, Tap chi Phét trién Khoa hoc va Céng nghé - Khoa hoc
Trai dat va Moi truong, (2022).

[10].Lé Van Tam, Duong Cong Thinh, Nguyén Thanh Tri, Nguyén Thi Xuin Hong, Pham Hong Nhat,
“Hdp phu amoni trong nwéc thai bang zeolite A tong hop tir tro bay than”, Hoi thao khoa hoc “Phat
trién va ung dung cong nghé¢ tién do vao ky thuat nhat lap, bao Ianh va tng dung phé bién doi khi
hau”, Vién Nhiét d6i méi truong, (2022).

[11]. Metcalf & Eddy, Inc, “Wastewater engineering treatment and reuse (4™ edition) ”, Mc Graw Hill, (2004).
[12].Nguyén Trin Hong Phwong, “Tong hop zeolite 44 tir cao lanh va khéo sat kha ndng hap phu ion
amoni ciia zeolite 44", Khoa luan t6t nghiép, Truong Pai hoc sw pham TP. H6 Chi Minh, (2013).

[13].Randall D.J., Tsui T.K.N. “Ammonia toxicity in fish’, Mar. Pollut. Bull., 45, pp. 17-23, (2002).

[14]. Truong Dai hoc khoa hoc, Dai hoc Thai Nguyén, “Nghién cieu xi Iy amoni (NH,*-N) trong nuéc bi 6
nhiém bang than sinh hoc bién tinh san xudt tir phé phu phdam néng nghiép ”, D& tai khoa hoc va cong
nghé, (2019).

[15]. Van Hitu Tap, Nguy@n Thi Tuyét, Hoang Thi Bich Hong, “Nghién citu kha nang hap phu amoni bang
tro bay trén m6 hinh cgt”, Tap chi Khoa hoc & Cong nghé, 190(14), tr. 135-140, (2018).

Tap chi Nghién cieu KH&CN quén sw, Sé Pdc san Vién Nhiét ddi Méi trwong, 12-2022 13



Hoa hoc & Moi truong

[16].Zhao Y., Zhang B., Zhang X., Wang J., Liu J., Chen R. “Preparation of highly ordered cubic NaA
zeolite from halloysite mineral for adsorption of ammonium ions”, Journal of Hazardous Materials,
178 (1-3), pp. 658-664, (2010).

ABSTRACT

Treatment of amoni in wastewater by continuous column model
using zeolite A synthesized from coal fly ash

Zeolite A synthesized from coal fly ash of a thermal power plant was applied to treat
ammonium in wastewater in a continuous column model. The study showed that zeolite A in
the form of granules treated well NH," in wastewater using a continuous column treatment
model with a treatment efficiency of higher than 90%. Design parameters were determined
such as speed < 20 m/h, material layer height > 600 mm, and the inlet ammonium
concentration can be up to 50 mg NH,*-N/L. The breakthrough point appeared after a 5.75
h operation with Co = 50 mg/L, H = 600 mm, V = 5 m/h. This model can completely be
applied in practice to treat ammonium, replacing the column treatment method using other
types of adsorbents such as coal fly ash, and activated carbon from corncob.

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