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cac cong trinh cong b cia tac gia. Luan an duoc hoan thanh trong thoi gian toi
lam nghién ctru sinh tai Hoc vién Khoa hoc va Cong nghé¢, Vién Han 1am Khoa
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hoc cong nghé Nang luong va Moi truong da tao diéu kién cho toi tham gia nghién
ctru khoa hoc dé tai: “Nghién ctru ché tao thiét bi phan tng hiéu ning cao dang
quay HP2R (High-Performance Rotating Reactor) dé xir Iy nudc thai nhiém amoni
ndéng do cao” sé VAST07.03/22-23 ctia Vién va thuc hién cac thuc nghiém thudc
nghién curu.
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: dién tich mat cat phuong ngang dém

: dién tich bé mit 16p dém

: ndng d6 NH;-N trong nude thai dau vao

: ndng d6 NH;-N trong nude thai dau ra

: ndng d6 NH;-N trong nude thai tai thoi diém t

: ndng d6 NH;-N trong nude thai tai thoi diém cudi cung
: ndng d6 NHs-N trong dung dich thu hoi tai thoi diém t
: hé s6 khuyéch tan phén tir chat 1ong

: duong kinh trung binh 16p dém

: hé s6 Grashof pha 16ng dya trén ban kinh dém trung binh
: hang sb dinh luat Henry khong thir nguyén

: chiéu cao don vi chuyén khoi

: chiéu cao don vi chuyén khoi tré Iyc pha 16ng

: hé s6 chuyén khdi téng quat

: hing sb tbc d phan Gng tinh theo mé hinh gia dong hoc bac 1
: pH cta nudce thai trude khi stripping

: luu lugng khi

: Iuu luwgng nude thai

: hé s6 Reynolds pha khi

: hé s6 Reynolds pha 16ng

: ban kinh trong cua dém

: ban kinh ngoai ctia dém

: ban kinh trung binh cua dém

: hé s6 stripping

: nhiét do nudc thai ban dau

: thé tich dung dich hap thy

: the tich dém

: thé tich nudc thai

: chiéu cao dém

- hiéu suét stripping/hiéu suat xtr Iy amoni

- hiéu suét thu hdi amoni

: tbe do quay cua dém

- van tdc bé mat chét long

: khéi lugng riéng nudc ri réc

: khéi lugng riéng pha khi chira NH;

: d0 nhét pha long

: d0 nhdt khong khi chira NH;

: d0 nhét dong hoc pha 16ng
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MO DAU

Amoni 13 mot trong nhitng chit 6 nhiém pho bién va kho xtr Iy trong nuée thai.
Chat 6 nhiém nay c6 ngudn gbc tir cac hoat dong san xut cong nghiép, nong nghiép
va xu ly chét thai ran, dac biét 1a nude thai chan nudi va nudc ri rac tai cic bai chon
1ap. Trong nhiéu ndm qua, d3 c6 nhiéu cong nghé duoc nghién ciru va img dung nham
loai bé amoni khoi nudce thai, bao gdm cic phuong phap sinh hoc, keo tu hoa hoc,
hép phuy, trao d6i ion, mang loc va stripping. Tuy nhién, hau hét cic cong nghé nay
chi phat huy hiéu qua trong pham vi ndng d6 amoni dau vao thip hon 200 mg/L. Khi
néng do amoni vuot ngudng cao, dac bi€t nhu trong nudce ri rac hodac nude thai chan
nudi, cac phuong phap trén déu gap nhiéu han ché nghiém trong vé mit hiéu suit,
van hanh va chi phi. Déi v6i qua trinh xtr 1y sinh hoc, ndng d6 amoni cao din dén
mat can bang ty 18 C/N (cacbon/nito), gdy trc ché cho vi sinh vét va lam giam hiéu
qua xir 1y nito. Cac phuong phap hap phu va trao d6i ion ciing gip khé khin tuong
tu, khi tai lugng amoni cao lam tang tan suét thay thé vat liéu, dan dén chi phi van
hanh tang manh. Trong khi do, keo tu hda hoc yéu cau st dung lugng 16m hoa chit,
khong chi 1am tang chi phi ma con phat sinh lugng bun thi cap can xtr 1y tiép theo.
Mang loc ¢6 kha niang xir 1y hiéu qua cac chit 6 nhiém nhung lai cin hé module 16n
va chi phi cao dé xur Iy dong nudc c6 ndng d6 amoni dam dic, di kém voi thach thic
trong viéc xur 1y dong thai c6 dac sau cung.

Trong boi canh do, stripping — qua trinh loai bé amoni bang cach day khi NH;
ra khoi nuéc dudi diéu kién pH va nhiét d6 thich hop — 13 cong nghé thich hop hon
d6i voi nudc thai c6 ndong d6 amoni cao. Tuy nhién, dé dat duoc hiéu suét stripping
cao v4i cong sut 16n, thiét bi stripping thudng can kich thudce 16n hodc nhiéu thap
hoat dong song song, tir d6 lam ting chi phi dau tu ban dau, chiém dién tich va gay
kho khin cho cac co s xir 1y ¢6 dién tich han ché. Gan day, cac nghién ctru trén thé
gidi d4 chi ra rang viéc tng dung nguyén 1y luc ly tim cuong do cao (HiGee) trong
céc thiét bi xir Iy nhu stripping c6 thé mang lai nhiéu vu diém vuot troi, bao gom ting
cudng toc do truyén khoi, giam thé tich thiét bi, rat ngin thoi gian luu va ning cao
hiéu sudt xtr 1y. Thiét bi tng dung nguyén 1y HiGee dang duoc quan tim nhu mot
giai phap thay thé tiém nang cho cac thap stripping truyén théng. Viéc sir dung thiét

bi ti€n tién nay co6 thé giup khac phuc cac nhugce di€m néu trén cua cong nghé hién



2
tai, dong thdi mé ra hudng tiép can méi cho viée xur 1y cac loai hinh nude thai co tai
lugng amoni cao.

Trén co s¢ do, nghién ctru nay dugc thuc hién nham danh gia hi¢u qua qua trinh
stripping amoni bang thiét bi phan Gmg hiéu ning cao dang quay (High Performance
Rotating Reactor - HP2R) - mot thiét bi tiép xuc tng dung nguyén 1y HiGee - ddi véi
ba loai nudc thai khac nhau: nude thai moé phong, nudce thai chdn nudi va nude ri rac.
Noi dung cta luan an s€ tap trung lam sang té vai tro cua ky thuat HP2R ung dung
trong qua trinh loai bo thanh phan nito trong méi trudng nude. Dé hoan thanh duoc y
tuong khoa hoc nay, nghién ctru sinh s€ chiing minh céac 1ap luén khoa hoc thong qua
viéc khao sat va danh gia cac thong sb van hanh cta ky thudt nay nhu: anh huong cua
toc do ly tam dén hiéu suat xr 1y, Iuu lwong khi (Qg), Iuu lugng nude (Qr), pH va nhiét
d6, dong thoi tinh toan hé sb truyén khoi (Kra) va hiéu sudt qua trinh stripping (1) dé
xay dyng mo hinh du doan. Ngoai ra, khao sat kha ning thu héi NH;-N sau stripping
cling dugc thuc hién nhu mot budc hudng téi phat trién quy trinh xtr 1y — thu hoi vat

chat theo huéng kinh té tudn hoan va bén vimg.

Muc tiéu ciia luin 4n gom:

« Khao sat va danh gia anh hudng cua pH, toc d6 vong quay dém (o) luu luong
khi (Qg), Ivu lwong nudce (Qr) va nhiét d¢ nudc thai (Twi) téi qué trinh stripping
va thu hoi NH3-N ndng d6 cao tir nudce thai str dung thiét bi HP2R.

« Xac dinh dugc diéu kién van hanh thiét bi HP2R t6i wu trong xir 1y va thu hoi
amoni ndng do cao tir nude thai. D& xuit hé thong cong nghé dé tmg dung trong
xtr 1y nude thai va thu hdi vat chat theo hudng kinh té tudn hoan.

Y nghia khoa hoc va thue tién ctia dé tai nghién ciru trong luin an:

e Y nghia khoa hoc:
Luén 4n d4 1am 13 co so khoa hoc ciia qua trinh stripping amoni trong diéu kién
truong luc ly tAm cao thong qua viéc phan tich anh hudng ciia cac thong s6 van
hanh dén dong hoc truyén khéi va hiéu sudt xtr Iy amoni trong nudc thai ndng do
cao. Céc két qua thuc nghiém cung cap di liéu dinh lugng vé hé s chuyén khoi
téng quat (Kra) va hiéu suét stripping khi tng dung thiét bi phan tmg hiéu ning
cao dang quay (HP2R), qua d6 bo sung hiéu biét vé co ché ting cudng truyén
khéi trong cac hé tiép xuc khi — 16ng tmg dung nguyén 1y HiGee. Viéc xay dung

va kiém chirng mo hinh dy doéan hi¢u suit dya trén dit liéu thuc nghiém gop ph'?ln
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thu hep khoang cach giira 1y thuyét truyén khéi va diéu kién van hanh thuc té, tao
nén tang khoa hoc cho cac nghién ctru tiép theo vé toi vu héa va phat trién cong
nghé xur ly nudc thai giau nito.
e Y nghia thuc tién:

Céc cong nghé loai bo nito hién nay chu yéu xir Iy nudc thai co nong do trung
binh va thap, nén hiéu qua con han ché do ty 1& C/N chua phu hop. Xu huéng
méi tap trung vao xir 1y két hop thu hdi tai nguyén theo mé hinh kinh té tun
hoan. Tuy nhién, thap stripping truyén thdng chua thu gom duoc khi NH;, gay
6 nhiém thtr cip va lang phi. Luan an da chimg minh thiét bi HP2R c¢6 tiém ning
va hiéu qua cao trong xir Iy nudc thai giau amoni, khac phuc cic han ché trén
va mo ra kha ning thu hoi amoni hiéu qua. Két qua nghién ciru ciing hd trg dinh
huéng tmg dung k¥ thuat ndy trong thyc tién thong qua cic danh gid van hanh

va thuc nghiém.
Nhirng déng gop méi cia luan an:

e Luan an d3 khao sat cac yéu to anh huong (pH, Twi) va diéu kién van hanh (o,
Qaq, Qu) cua thiét bi HP2R t6i hiéu qua stripping NH3-N va hé sé chuyén khéi
tong quat Kra ctia qué trinh doi v4i nude thai mé phong, ude thai chan nudi va
nudc thai ri rac.

e Lan dau tién khi ing dung thiét bi HP2R d4 nang cao hiéu hiéu qua xu 1y va thu
hoi ti da dat 1an lugt 95% va 85%, dic biét vai n6ng dd amoni cao trong nudc

thai (>1000 mg/L).
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CHUONG L. TONG QUAN NGHIEN CUU
1.1. Amoni/amoniac trong nudc thai
1.1.1. Théng tin chung vé amoni/amoniac

Amoni (NH4") hay amoniac (NH3) 13 hoa chat dugc tong hop nhiéu thir hai vé
khéi luwong trén thé gisi [1]. Trong hon mot thé ky qua, NHs cong nghiép san xuét tir
qua trinh Haber-Bosch di duoc st dung trong nhiéu img dung nhu san xuét phan bon,
thudc nd va moi chat lanh. Hién nay, mot loat cic cong dung méi cia NH; dang noi
1én trong cic nganh ning lwong nhim phat trién NH; nhu mot phén tir luu trir ning
luong. Vi su ra doi cta cac cong nghé tong hop NH; tién tién, cac dy bao cho thay
san lugng NH; toan cau co thé ting gap doi trong vong 10 ndm va ting hon 100 lan
trong tuong lai khi nhu ciu ning lugng gia ting [2]. Thuc té, khi thé gidi thuc day cac
chién luoc cat giam cacbon, amoniac dugc xem nhu mét giai phap luu trit ning lugng
tai tao [3]. Tuy nhién, tuong tu nhu carbon, cadc nha khoa hoc ciing dat ra cac cau hoi
tuong tu vé1 NH;3 khi viée giai phong nito vao moi trudng tu nhién cling gay nén cac
hau qua & cac quy mo tir dia phuong dén toan cau [4]. Nhiing hau qua ndy bao gom
pht dudng, suy thoai da dang sinh hoc, bién ddi chu trinh dia sinh héa nito (N), bién

do6i khi hau va nhiéu tac dong khac dén suc khoe con nguoi [5].

Trong méi trudng nudce c¢6 d6 pH trung tinh, NH; thudng ton tai dudi dang ion
NH4*. NH4" 12 mot hop chét cau thanh tir mot phén tir nito va cac phan tir hydro. Trong
moi trudng nudce, hop chit nay 1 mot chat 6 nhiém phd bién, cung véi photpho giy
nén hién twong phu dudng trong moi trudng nude mat. Trong tu nhién, NH4/NH3 duoc
tao thanh tir chit thai cua cac loai dong vat, va mét lugng nho trong nudc mua. Mubi
amoni clorua (NH4Cl) trong tu nhién ciling c6 thé duoc phat hién tai nhiing khu vuc
gan nui ltra. DU hop chat nay pho bién trong ty nhién, nhung no co thé trd nén rat nguy
hai néu & ndng do cao. Duya trén thuyét ddy giira cac cip electron héa tri (VSEPR),
phan tir NH3 c6 dang hinh chop tam gidc, vai tinh ludng cyc tao nén boi mot mot cap
electron don ddc. Sy phan cuc nay khién NH3 c6 kha nang tao lién két hydro thanh
NH4* dé hoan tan trong nudc. Tinh chit hod hoc va vat 1y cua NH3 duogc thé hién trong

Béang 1.1 [6].
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Bang 1.1. Thong tin chung cia NH3 [6]

Cong thirc hoa hoc: NH3

‘ . Khi khong mau c6 mui khai manh, dé
Hinh dang, mui va dang ton tai: ., .
dang nhan biet & nong do 20 ppm

Phan tir khéi: 17,0

Nhiét d¢ bay hoi (1 atm): -28 °F (-33,4 °C)
Trong lugng riéng (1 atm): 0,59

Nhié¢t d6 dong dac/nhi¢t do chay: -107,9 °F (-77,7 °C)

Ti 1€ tan trong nudc (vol./vol. tai 68 °F): 0,848

NH,4" 1a phan tir trung tdm tham gia trong chu trinh sinh dia hoa nito tu nhién
(Hinh 1.1). Chu trinh nito két ndi khi tro N, trong khi quyén véi nhiéu dang nito c6
hoat tinh sinh hoc va cac dang hiru co cua nito, dong vai trd quan trong trong su phat
trién ctia sinh vat séng. Nito phan tmg bao gdm NH4", uré (CHsN,0), nitrat (NO3"),
nitrit (NO2") va cac thanh phan & pha khi nhu NH;3 va cac khi oxit nito, bao gdm nitric
oxit (NO), dioxit nito (NOy) va dinito oxit (N2O) (Hinh 1.1). Nguoc lai, cac dang nito

hiru co bao gdm protein, sac to, axit nucleic va cac phan tir sinh hoa khac.

4 \

Cé dinh nito

- Kh nitrat

iy N\
Vi khuan
¢6 dinh

khuan
Nitrit
hoa

Hinh 1.1. Chu trinh nito trong ty nhién [7]
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Trong mdi trudng nudc, thanh phan nay ton tai dudi dang hdn hop can bang
gitra NH3 khong ion hoa va ion NH4", hai dang nay thuong duge do cung nhau duédi
dang tong amoni nito (TAN) (Phuong trinh (1.1)). Néu c6 mat cac hop chat chira NH4*
khac trong dung dich, chung ciing duoc tinh vao néng d6 TAN trong nuée. Tuy nhién,

NH,* bi giir lai trong pha rin do hip phu hoic trao ddi ion s& dugc do riéng biét.
TAN =NH4" + NH3 (1.1)
NH; + H" = NH4* (1.2)

Tai bat ky thoi diém nao, ty 16 NH; so voi NHs* trong nude phy thude vao do
pH, nhiét d6 va & muac do thap hon la thanh phan khoang chat. NH; sé& tré nén pho
bién hon khi nhiét do va/hoic pH ting cao (Hinh 1.2) [5]. So véi dang ion NH4" can
c¢6 chét van chuyén mang dé xam nhap vao té bao, NH; dé dang twong tac véi sinh 1y
té bao va giy ra tac dong doc hai d6i véi sinh vat thay sinh. Mot diém khac biét quan
trong khac 12 NH3, mic du tan trong nudc nhung c6 thé bay hoi thanh khi va thoat ra
khoi nude hodc dat dé di vao khi quyén. Nguoc lai, NHs" van ton tai trong nudc dudi

dang hoa tan hodc lién két v6i dat, tram tich va vat chét hiru co.

1-0 ==-----——__

N | oSS SSSau >~
~ ~ \\ ~
g™ N
0.8 _® N
\
\
\
Ky hiéu Loai SC DPOcling N
5 0.6 A VS 41 11
o= —— MH 295 84
b= A VH 1010 335 35°C4
0.4
0.2 '
NH, v e
0.0 - w W - e
7.0 7.5 8.0 8.5 9.0 9.5 10.0
pH

Hinh 1.2. Téc dong cua nhi¢t do, do pH va thanh phﬁn nude lén ham lugng amoni
(NH4", duong dat nét) va amoniac (NH3, duong lién) [5]
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Trén thé gidi, van dé 6 nhiém NH4* trong ngudn nude da khong con xa la. Mot
trong nhitng nguyén nhan gy nén van dé nay trén nhiéu qudc gia d6 13 sy xAm nhap
ctia NH4" tir nude ri rac tir bai chon 1ap rac thai sinh hoat sau xir Iy ra moi trudng nude
mit. Cac chét hitu co trong nude thai sau qua trinh xir Iy s& thdm vao ngudn nudc ngdm
tir 46 phan huy thanh cic dan chit nho hon chtra phén tir nito dan dén 6 nhiém NH;".
Qua trinh xdm nhap nay thudng xdy ra ¢ nhitng khu vire c6 bé mit c6 kha ning thim
d3m tot nhu dong bang, dat phu sa. Tai Trung Qudc, nhiéu nghién ctru da chi ra rang
hién twong 6 nhiém NH4" trong nudc ngam 1a hé qué cta cac hoat dong nong nghiép
st dung phan bon va chan nudi, cung véi cac hoat dong sinh hoat va khai khoang khac.
Tai cac khu vuc kénh dao tay béc Trung Quéc, da co6 hién tuong 6 nhiém nito nghiém
trong trong nguén nude tr cic dan chat Nito hitu co trong d4t xAm nhap vao nudc ngam
dan dén nguy co ung thu cao cho ngudi dan 1an can [8]. Nam 2013, tai cac giéng nudng
ngém tai khu vuc Hemlock Crossing Park, hat Ottawa, bang Michigan, My, da ghi
nhan néng do NH4* ting 1én dang ké [9]. Ham luong NH4" cao trong nudc ngim niy
1a hé qua cta céc tac dong nhan tao nhu nudce ri rac hay cac hoat dong nong nghi¢p va

cong nghiép.

Tai Viét Nam, v6i hinh thic san xut cha yéu 1a nong nghiép véi dién tich
d6ng bang canh tac 16n, cac hoat dong chin nudi gia stic va vai cac khu xir 1y rac thai
v6i hinh thitc chon 1ap thi viéc 6 nhiém NH4" trong nguén nudc ngam 1a diéu tat yéu.
Nong @6 NH4* cao trong nude ngdm khu vic nam Ha Noi d3 1a van dé ton tai trong
sudt 25 nam qua. Nghién ciru ctiia Norrman va cong su (2015) chi ra rang nguyén
nhan din dén su gia ting ndng d6 NH4" tai khu vuc phia nam Ha No6i khong chi dén
tr cac nguén chét thai tir hoat dong cua con ngudi, ma con tur cac téng dia chat sau
duéi long dat quanh khu vuc dong bang song Hong. Ho két luan rang véi diéu kién
khir trong méi trudng nude ngam tai khu viec Nam Du nay s& duy tri N dudi dang
NH4*. Nam 2014, tai Hi Nam, theo két qua ciia Trung tim Quan tric Phan tich Tai
nguyén Mbi trudng ctia S& Tai Nguyén va Moi truong, ¢ toi 15 diém trong tinh cho
thiy ham lwong NH4* trong nudc ngam cao hon mirc cho phép hang chuc, tham chi
hang tram 14n [10]. Tai cac tinh mién bic khac nhu Ha Noi, Ha Tay, Nam Dinh, Ninh
Binh, Hai Dwong, Hung Yén, Thai Binh, c6 thoi diém c6 dén 70% cac miu nudc

ngam duoc quan trac ¢6 ndng do cao hon mirc tiéu chuan 3 mg/L [10].



1.1.2. Cadc logi nudc thdi giau amoni

Trong nuéc thai, amoni 12 mot thanh phan 6 nhidm phd bién, hinh thanh chu
yéu tir qua trinh phan huy cac thanh phan hitu co chira nito hodc phat sinh truc tiép

tir cac hoat dong cong nghiép st dung hoa chat chira NHy4".

Sy hinh thanh amoni tir thanh phan hitu co chira nito, hay con goi 1 qua trinh
amén hoa, rat phé bién trong nudc thai sinh hoat, nudce thai y té, nude thai chin nudi
va nudc ri rac [11]. Qua trinh nay xay ra nho hoat dong cua cac vi sinh vat phan huy
cac thanh phén protein, axit amin, axit nucleic, v.v., c6 trong phan, nudc tiéu, cht thai
thuc phém, xac dong vat, cay cdi, v.v., tir cac hoat dong sinh hoat, chan nuéi hay xu ly
rac thai. Mat khac, nudc thai cong nghiép tir mot sb nganh san xuat ban dan, nganh ché
bién cao su, khai khoang va luyén kim vé6i dic thu quy trinh san xut ciing c6 thé phat

sinh cac dong thai chira amoni [12, 13].

Tai Viét Nam, hai loai nudc thai chira ndng do amoni dic biét 1on va phd bién
hién nay gém c6 nudc thai chan nudi va nudc ri rac. Nong do amoni cao cua hai loai
nude thai nay déu hinh thanh tir qua trinh amén hoéa ki khi lwong rat 16n co chét chia
nito va dang gy ra nhiéu thach thirc trong xir 1y hiéu qua dat quy chuan méi trudng
hién hanh. Bén canh d6, nudc thai cia mot sd nganh cong nghiép dic thi nhu ban
dan, san xuét cao su, v.v. ciing dugc bao céo 1a cac ngudn thai giau amoni. Chi tiét

duoc mo ta trong cac muc dudi day:
a, Amoni trong nwoc thai chdin nuoi

Chan nudi 1a mét trong nhitng nganh ndng nghiép phat trién nhanh nhét ¢ Viét
Nam trong nhitng nim qua, dong gop khoang 26% gia tri san xuat ndng nghiép [14].
Nim 2021, theo tong hop bao cdo cua cac dia phuong, ca nude c¢6 20.843 co s chin
nudi lon tir 10 con tré 1én vai tong dau con 11,7 triéu con, chiém ty 18 41,6% so voi
téng dan lon clia ca nudc [15]. Trong d6 bao gom: 1. Co s trang trai chan nudi quy
mo 16m: ¢6 1.627 co s tir 1.500 con trd 18n, tong so 12 6,8 triéu con lon, chiém 24,2%
tong dan cua ca nudc; 2. Co sé chin nudi quy mé vira: c6 10.687 co s¢ chian nuodi tir
100 con tré 1é€n voi téng s6 dau lon 1a 3,2 triéu con, chiém 11,4% téng dan lon cua ca
nudc; 3. Co sé chan nudi lon quy md nho: ¢ 8.529 co s& chan nudi lon tir 10 con
dén 99 con trd 18n voi tong s6 dau lon 1a 1,7 triéu con chiém ty 18 6,1% tong sd dan

lon cua ca nudce. Nam 2021, téng dan lgn thudc 16 doanh nghiép va don vi chan nuéi
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lon quy mo 16n, dat 5,8 triéu con, chiém 20,7% tong dan. Theo Bao cio Cong tac bao
v€ moi trudng nganh ndng nghi¢p, nong thon nam 2020 ciia B Nong nghiép va Phat
trién Nong Thén ude tinh nam 2020, lugng chat thai phat sinh tir mot sé vat nudi
chinh khoang 60 triéu tan chit thai rin va 114 m? nuéc thai. Trong do, nudc thai tir
chin nudi lon chiém da sé v6i 75 triéu m?® (chiém khoang 65,7% téng luong nude thai
ctia nganh chan nuéi) [16]. P6i v6i chian nudi trang trai, két qua diéu tra khao sat cho
thdy 41,8% trang trai co thuc hién xir Iy cht thai théng qua cac cong trinh khi sinh
hoc; 32,4% trang trai ap dung U phan va 3,1% trang trai ap dung céc hinh thuc xu ly

khac nhu nu6i giun, cd, phoi, ban, ...

bac tinh nudc thai chdan nuo6i phu thudc vao nhiéu yéu td nhu tudi vat nuoi,
ché d6 an udng, nhiét do, d6 am trong chudng, cach thirc vé sinh chudng, xir 1y chat
thai, ... Ngoai ra, dic tinh nude thai chin nudi con bi anh hudng rat 16n boi viéc pha
lodng, lwu trit va qua trinh tach ran long. Trong cac d6i tugng vat nudi (lon, bo va gia
cam), chian nudi lon ¢6 mic do 6 nhiém cao nhat. Nudc thai chin nudi c¢6 nguy co
gy 6 nhiém moi trudng cao do cé chira ham luong cao cac chat hitu co, chat ran lo
ling, nito, photpho va vi sinh vat gdy bénh. Thanh phan hitu co chiém 70 — 80% trong
chat ran tach tir nude thai gdm cac hop chit hydrocacbon, proxit, axit amin, chat béo
va cac din xuat ciia chiing 6 trong thirc in va mot phan bai tiét theo phan va nudc
tiéu [17]. Ngoai ra, trong nudc thai chin nudi con chira lugng 16n vi khuan, virut gy
bénh v&i nhiu ching loai nhu: E.coli, Streptococcus sp, Salmonella sp, Shigenla sp,
Proteus, Clostridium sp, ... ddy 1a cac vi khuan gay bénh ta, ly, thwong han, kiét ly.
Thanh phan 6 nhiém chinh trong nuéc thai chin nudi duoc thé hién trong Bang 1.2.

Bdng 1.2. Tinh chat nudc thai chin nudi tai Viét Nam [17]

Chit 6 nhiém dic trung Ham lugng

pH 7,1 —8,2
BOD (mg/L) 1650 — 3300
COD (mg/L) 2500 — 5000
SS (mg/L) 1800 — 3200
N-NH4* (mg/L) 400 — 600
N tong (mg/L) 500 — 800
P tong (mg/L) 14,3 — 64

Téng coliform (MPN/100mL) ~ 10° - 10°
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Nudc thai chan nudi dang dit ra thach thirc 16n v6i sy phat trién bén viing cta
nganh néng nghiép va cong tac bao vé méi truong. Xt Iy bang phan huy ky khi 1a dau
tién va pho thong nhét trong xir Iy nude thai chin nudi lon & Viét Nam [18]. Cac bdn
bé ky khi gitip giam thiéu tai trong du thira cic hop chit hitu co tir nuéc thai chin nudi
lon tho cho cong doan xir Iy nudce thai va san xuét khi sinh hoc cho nang luong tai tao.
Tuy nhién, nude thai chin nudi heo (sau qua trinh ky khi) van chira ham luong nito cao
(nito tong s6 (TN) > 400 mg/L) [19]. Luong nito du thira trong nude thai chin nuéi lon
khong chi dan dén hién tuong phii dudng va that thoat tai nguyén ma con can tré higu
sudt ciia qua trinh sinh hoc hiéu khi do ty 18 C/N cuia loai nudc thai nay thap [20]. Do
d6, can phai giam ham luong nito trong nude thai chin nudi lon trude khi xir 1y bang
phuong phap sinh hoc dé toan bo hoat dong clia nha may xir Iy nude thai hoat dong 6n
dinh va hiéu qua.

b, Amoni trong nwoc ri rdac

Véi toc d6 d thi hoa va gia tang dan s6 & cac khu vue d6 thi 16n hién nay trén toan
thé gidi, luong phat thai rac sinh hoat dang 13 mot ap luc 16n hién nay déi voi nhiéu quéc
gia phat trién va dang phat trién. Theo bao cao Quén 1y Chat thai toan cau cta Lién hop
qudc niam 2024, tong lwong chat thai rin trén thé gidi co thé tang tir 2.1 ty tin ndm 2023
1én 3.8 ty tin vao nam 2050 [21]. Piéu nay tao ap luc 16n 1én cac cong tac xir 1y va bao
vé moi trudng, doi hoi phai ¢6 cac phuong phap xir Iy chét thai hiéu qua va triét dé hon
s0 voi cac phuong phap truyén théng nhu chon lap, tai ché, t phan compost, va thiéu
d6t. O hau hét cac qubc gia dang phat trién, phan 16n lugng chat thai ran duoc xtr 1y bang
phuong phap chén 14p do chi phi xtr 1y thap bat chdp cac nguy co 6 nhidm thir cip va cac
rti ro mdi trudng di kém. Viée str dung cac cong nghé tdi wu hon thudng bi han ché boi
cac ly do vé han hep vé nguén von, chua chit ché trong luat, va sy han ché trong v thirc
d6i vi bao vé moi truong [22].

Bén canh cic nhuoc diém vé tidu ton quy dat, tiéu cuc téi my quan moi trudng
va chit luong khong khi, rii ro va nhuoc diém 16n nhét cta chén 14p 1a sy hinh thanh
clia nudce ri rac. Nudc ri rac dugc hinh thanh tir qua trinh thAm dam cua cac thanh
phan am trong rac va nudc mua thim thau tir phia trén bai chon 14p qua 16p rac da
trai qua cic qué trinh phan hiyy thiéu khi va hiéu khi. Nudc ri rac c6 thanh phan 6
nhiém rét cao, c6 nguy co gdy 6 nhidm dit va nudc ngdm néu khong duogc boc 16t

chinh xéc [23].
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Hinh 1.3. Qua trinh hinh thanh nudc ri réc tai bai chon lap [24]

Nuée ri rac duoc phéan loai boi hai tinh chét chinh gdm c6 lwong phat thai va
thanh phan [25]. Luong phat thai phu thudc vao rat nhiéu yéu td, vi du nhu luong
mua, muc nudc ngﬁm, dong chay tran bé mat, cach thirc bao boc cua bai chon lép, va
thanh phan rac ca bai chon 1ap. Bén canh d6, tudi doi ctia bai chon 1ap ciing 13 yéu
t6 anh huong dén lugng phat thai cia nude ri rac. Cac yéu té anh hudng dén thanh
phan ctia nudc ri ric co thé ké dén nhu tinh chat ctia rac sau phan hiy, tudi doi bai
chén 1dp, khi hau, phan huy rac, cic phan tng sinh héa gitra bai chon lap va moi
truong bén ngoai, do nén cua réac, thiét ké cua bai chon lép, va do Am cua rac [26].
Trong d6, tudi doi cua bai chon 1dp duoc coi 13 yéu t6 anh hudng 16n nhét va duoc
xem xét nhiéu nhét trong vi¢c xac dinh tinh chét cta nudc ri rac do céac yéu tb con lai
rat kho dé xac dinh dong thoi [25]. Réc thai trong bai chon lap thong thuong sé& trai
qua cac qua trinh gdm c6 phan huy thiéu khi, ki khi, axit ho4, methan hoa va 6n dinh
hoa. Do d6, d6i vai cac bai chon 1ap co tudi doi cao s& ¢6 thanh phan BODs thip hon,
nudc ri rac cling sé 6n dinh hon nho sy hién dién coa cac hop chit hitu co bén (nhu

axit fulvic va axit humic) va ti 16 BODs/COD thap hon [27].

Theo nghién ctru cia Mukherjee va cong su (2015), thanh phan ctia nudc ri
rac duoc udc lugng thong qua tudi doi & bén ngudng gdm cd: dudi 5 nam, tir 5 — 10
nam, 10 — 20 nam va trén 20 ndm [25]. Bang 1.3 thé hién céc tinh chét khac nhau cta
nudc ri rac tai cac bai chon la”ip c6 tudi doi khac nhau. Qua trinh 1&én men ki khi cua
cac thanh phan hitu co trong rac tao nén sy hinh thanh cua cac axit béo dan dén giam
d6 pH va ting thanh phan BODs trong nudc ri rac ¢ cac bii chén dudi 5 ndm [28].

Trong qué trinh metan héa, cac vi khuan s& phan huy ky khi cac axit béo thanh khi



12

metan va CO; khién d6 pH cuia nudc ri rac tré vé ngudng trung tinh & thoi gian sau
d6. Dong thoi, su sut giam cua cac axit hiru co s& lam giam ti 16 BODs/COD béi cac
thanh phan hitu co khong phan hity sinh hoc lién tuc duoc hinh thanh trong nuéc ri
rac ¢ bai chon 14p 1au nam. Diéu ndy gy nén su kho khin trong xir Iy nudc thai bang
quy trinh sinh hoc v6i nuéce ri rc tir cic bai chon 1ap cii. Diém dic biét khién nuée ri

rac kho xwr 1y hon céc loai nugce thai khac 1a nong d¢ 6 nhiém rat cao cua hai thanh

phan COD va amoni.
Bdng 1.3. Tinh chét ciia nudc ri ric qua timg thoi diém choén lap [25]
Chi tiéu 6 Nuwée ri rac
nhiém <5 ndm 5—10 ndm 10-20ndm  >20 ndm
pH 3-7 6-8 >7,5 >7,5

BOD (mg/L) 2.000 - 50.000 500 —-15.000 50 - 1.000 <300
COD (mg/L) 4.000 —90.000  1.000—-30.000 1.000-5.000  <3.000

SO (mg/L) 300 — 4.000 100 — 2.000 20 - 200 <100
Téng P (mg/L) 50 - 500 200 - 4000 50 - 500 <200
TéngN (mg/L) 500 — 4.500 400 — 2.000 50-2.000  <2.000
NH;-N (mg/L) <400 - - <1.500

Chu yéu thanh phan hiru co & nuée ri rac 1au ndm 1a cac hop chit humic chia
lam ba phan chinh gém c6 humic axit, fulvic axit va humin. Cac phan nay duoc
phan biét dua trén kich thudc va do hoa tan khac nhau & diéu kién pH khac nhau
[29]. Vi dy, axit humic khong tan trong diéu kién pH < 2, nhung lai hoa tan trong
nudec ri rac ¢ diéu kién pH 16n hon [30]. Mit khéc, fulvic axit lai hoa tan & moi diéu
kién pH. Humin c¢6 kich thudc phan tir va khdi lugng phan tir 16n nhét lai chi hoa
tan trong nudc ri rac & diéu kién kiém hodc axit, khong hoa tan ¢ trung tinh. Do do,
nude ri ric & cac bii chon lap 1au nam cha yéu c6 chira axit humic va axit hulvic 1a
hai hop chit humic chinh. Céc axit humic bao gdm céc hop chat polyme phirc tap
chira cac gbc carboxyl, carbonyl, phenol, cdc nhom hydroxyl két ndi thanh cac vong
thom va axit béo [31]. Cac hop chat nay hoan toan c6 thé thu hut cac héa chét hitu
co tong hop va kim loai ning, sau d6 thAm thau gay 6 nhiém nudc ngdm hoic hé

théng nudc mat 1an can [32].

Thanh phan nito ton tai trong méi trudng nude chu yéu dudi dang amoni

(NH4"), va duge xac dinh 1 mot trong nudc thanh phan 6 nhiém ning né nhat trong
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nudc ri rac. D6 12 vi 1a khong c6 bat ky mot co ché chuyén hoa nao dé phan huy thanh
phan NHy4* trong diéu kién ki khi ctia bai chon l4p. Mic du ndng do NHs* trong nude
ri rac con phu thudc nhiéu vao ban chit cia rac va bai chon lap, nhung nong do cua
thanh phan nay luén dugc ghi nhin & mirc cao. Sy hinh thanh ctia NH4* trong cac bii
chén 1ap 1a do sy pha hity vé cdu tric ctia cac hop chat hitu co dan t6i sy khir amin
ctia cdc chudi amino axit tao thanh cic ion NH4*. Céc nghién ctru trude day da chi ra
rang qua trinh 1én men va thity phan cta cac thanh phan phan huy hitu co chta nito
1a ngudn san sinh ra lugng 16n NH4* trong nudc ri rac 1au ndm [33]. Su chénh léch
ctia ndng d6 NH4* trong nudc ri rac ¢ bai chon lap méi va lau nam duogc giai thich
bang sy dich chuyén ion ciia NH4* va NH;3 & cac diéu kién pH khac nhau theo phuong
trinh (1.5). O cac bai chon 1ap c6 tudi doi lau nam, diéu kién pH ting dan vé trung
tinh s& khién mot phan NH4* chuyén dich thanh khi NH3 1am giam mot phan lugng

amoni trong nudc ri rac [34].
NH} + H,0 < NH; + H;07 (1.3)
¢, Nudc thii ban déin

O nhiém amoni trong nudc thai nganh ban dan 13 mot van dé nghiém trong do
cac quy trinh san xuét ban din st dung nhiéu hoa chét, bao gdm axit, bazo, dung moi
hitu co, chat quang khic (photo-resists) va chat tay (strippers). Cac hoa chat nay c6
thé tao ra nudc thai ¢ chira ndng d6 cao amoni, fluoride, phosphate va cac hop chat

vO co khac.

Nguyén nhan giy 6 nhiém amoni trong nudc thai nganh ban dan chi yéu do sir
dung hoa chét trong qua trinh san xuit: Nganh ban dan sir dung nhiéu loai hoa chat
dé xir Iy bé mat wafer (manh silicon), nhuém hogc tiy bo cac 16p phu, va trong cac
cong doan khac nhu etching (khic) va doping (pha tap). Cac hoa chat nay c6 thé chira
amoni hodc sinh ra amoni trong qua trinh phan ung. Bén canh do, qua trinh rira va
lam sach cac wafer trong subt qua trinh 1am sach tao ra mét lugng 16n nudc thai, trong
d6 co6 chira amoni. Ngoai ra, su tich tu amoni trong cac dong nudc thai khac nhau tir
cac don vi trong nganh ban din c6 thé c6 ndong d6 amoni khac nhau.

Nganh cong nghiép ban din tiéu thu mot luong 16n nude siéu tinh khiét va sinh
ra luong nudc thai tuong dwong. Nudc thai cong nghiép nay chira cac hoa chit doc

hai va kho phan hiy nhu dung moéi hitu co, kim loai ndng, axit va bazo. Nudc thai
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cling c6 ham lugng nito vo co cao. Nhin chung, ndng d6 nito amoni trong cac dong
nuée thai tir cac don vi khac nhau ctia nganh cong nghiép ban dan cé sy bién doi. Vi
dy, mgt nha may ban dan ¢ Pai Loan co ba dong nudc thai voi néng do nito amoni
cao nhét 1an luot 13 133, 514 va 2429 mg NH4*-N/L [12]. Dic biét, nito amoni co hai
cho h¢ sinh thai thuy sinh béng cach thuc déy su can kiét oxy, hién tuong
eutrophication (tao né hoa) va thuy triéu d6. Do d6, ndng d6 ciia n6 can duoc giam

xudng con 10-20 mg/L trude khi xa ra moi trudng.
d, Nwdc thii san xudt cao su

O nhiém amoni trong nudc thai nganh san xuét cao su 1a mot van dé méi trudng
nghiém trong do cac héa chat va qua trinh san xuét trong nganh nay c6 thé sinh ra
lugng 16n amoni trong nudc thai. Nudc thai tir cac nha mdy san xuét cao su chira
nhiéu hop chat hitu co va vo co, bao gdm amoni, gdy tic dong tiéu cuc dén moi

truong, dac biét 1a cdc nguoén nudce ti€p nhan.
Nguyén nhan gy 6 nhiém amoni trong nude thai nganh san xuat cao su:

- Qua trinh luu hoa cao su (vulcanization): Trong qué trinh luu héa cao su,
céc chat hoa hoc nhu sunfur, oxit kim loai va cac chat phu gia dugc stir dung
dé cai thién tinh chit co hoc cua cao su. Nhirng hoa chit ndy c6 thé phan
g va tao ra cac hop chat chtra nito, bao gdom amoni, trong nudc thai. Ty
thudc vao cac hoa chat va chat phy gia dugc sir dung trong qua trinh luu hoa,
ndng do amoni cé thé 1én dén 150 mg/L dén 500 mg/L trong nudc thai.

- Rira va 1am sach cao su: Trong qua trinh san xuét cao su, cac budc ria va
lam sach cao su dé loai bo cac tap chit va hoa chit du thira cling tao ra luong
nude thai 16n. Nudc thai nay co thé chira amoni va cac hop chat hiru co dé
phan huy, cung véi cac héa chit khac tir qué trinh san xuat. Tty thudc vao
cac hoa chat va chét phu gia duoc sir dung trong qua trinh luu héa, nong do
amoni c6 thé 1én dén 150 mg/L dén 500 mg/L trong nudc thai.

- Qua trinh x1r Iy latex (cao su tu nhién): Cao su ty nhién (latex) khi dugc thu
hoach va xir 1y dé tao ra cac san pham cao su s& sinh ra nudc thai chira cac
hop chit nito, trong d6 c6 amoni. Nong d6 amoni co thé dao dong tir 50
mg/L dén 300 mg/L. Trong mot ) truong hop dac biét, co thé vuot qué muc

nay néu quy trinh xir Iy khong hiéu qua.
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Mot s6 nghién ciru cho thay tong nong dd amoni trong nudc thai tir cac co s& san
xuit cao su co thé dat mutrc 3400 mg/L dén 5.770 mg/L trong mot s trudng hop nghiém

trong, dac bi¢t néu nude thai khong duoc xir 1y trude khi xa ra moi truong [13].
e, Mt s6 nganh cong nghigp khdc

- Ché bién thyc pham va thuy san: Cac nha may gi€t mo, ché bién thit, gia cam,
hai san va san xuat sita thuong c6 nudc thai chira ham lugng amoni cao do sy
phan huy protein va cac hop chat chira nito. Nong do amoni trong nudc thai

tir nganh nay c6 thé dao dong tir 50 - 500 mg/L.

- Che bién thuc pham va thuy san: Cac nha may giét mo, ché bién thit, gia cam,
hai san va san xuat sita thuong c6 nudc thai chira ham lugng amoni cao do sy
phan huy protein va cac hgp chat chira nito. Nong dd amoni trong nude thai

tir nganh nay c6 thé dao dong tir 50 - 500 mg/L.

- (Cong nghi¢p hoda chat va san xuat dugc pham: Nhiéu nganh san xuat hoa
chat str dung hop chat chira nito, dic biét 1a amoniac hodc cac dan xuat cua

n6. Nong do6 amoni trong nude thai co thé 1én dén 500 - 2000 mg/L.

Cong nghiép khai khoang va luyén kim: Cac qua trinh khai thac than, ché bién
quang kim loai c6 thé tao ra nude thai chira amoni tir thude nd hodc chat xir 1y kim
loai. Nong d6 amoni c6 thé dao dong tir 50 - 500 mg/L.

1.1.3. Tac hgi cia amoni trong moi truong nwdc

Trong mdi truong thuy sinh, NHs* v6i ndng do nho tir 0,53 t&i 22,8 mg/l da co
thé gay doc hai dbi véi cac loai vi sinh vét va sinh vat. Ddi voi con ngudi, tiép xuc voi
amoni & néng dd cao c6 thé gay cac triéu chung chong mat, co giat, hoac tham chi t
vong [35]. Khi NH4* dugc thai ra moi trudng nude mat véi du lugng 16m véi photpho,
luong dudng chat 16n nay gay nén sy phét trién manh & cac loai tao. Hién twong phu
dudng nay dan toi su giam sut 6xy trong méi truong nudc s& giét chét cac loai sinh vat
thuy sinh khac, di kém véi cac van dé khac nhu gdy mui va duc méi truong nude mit,
anh huéng nghiém trong téi chat lwong méi truong. NH4* ton tai trong nude sinh hoat
s€ kich thich sy phat trién clia tdo va cac vi khudn, xay ra hi¢n tugng an mon duong
ong, can t6i lugng clo khtr tring nhiéu hon can thiét [36]. NHa* ton tai trong nudc ngam

s& lam giam chat luong va kha ning sir dung nude ngam. NHs* & ndng d6 thip hon 1,5
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mg/] khong co tac dong dang ké véi co thé ngudi, nhung khi vuot ngudng nay né co
thé chuyén hod thanh nitrit va nitrat. Hai chat ndy trong co thé s& chuyén hoa thanh
nitrosamine, gdy ton thuong di truyén té bao va 13 mot trong nhitng nguyén nhan giy
ung thu [37, 38].

Vi nhitng tac hai cuia NH4* dbi v6i méi trudng va ste khoe con ngudi, nhidu
qudc gia trén thé giéi da dua ra cac quy dinh nghiém ngat vé nong do TN trong nudc
thai sau xtr 1y khi x4 ra méi trudng. Tai Chau Au, mic du Chi thi Khung vé Nudc
(Water Framework Directive) khong c6 gioi han cu thé cho TN, nhiéu quéc gia thanh
vién ap dung gi6i han nong do trong khoang 1-2 mg/L cho nudc thai sinh hoat sau xtr
Iy. Co quan Bao vé Mai trudng Hoa Ky (EPA) thiét lap cac tiéu chuan chét luong
nuéc thong qua Pao luat Nudc sach (Clean Water Act). Gidi han néng do amoni
trong nudc thai thuong duoc xac dinh dya trén tiéu chuan chat lugng nude cia ting
bang va c6 thé dao dong tir 1-3 mg/L, tiy thudc vao muc dich str dung nude va yéu
cau bao vé doi song thiry sinh. Nhat Ban 1a qudc gia c6 cac tiéu chuan nghiém ngat
vé nudce thai, v6i gidi han ndong d6 TN thudng dudi 1 mg/L cho nudc thai sinh hoat

sau xur Iy, nham bdo v¢ moi truong nude va suc khde cong dong.

So v6i cac qudc gia phat trién, ngudng ndong d6 NHa* cho phép trong nudc thai
x4 ra moi truong tai Viét Nam thuong cao hon. Theo ngudng nong d6 NH4* (tinh theo
N) cho phép xa vao nguén nudc tiép nhan d6i véi nude thai sinh hoat (QCVN
14:2025/BTNMT) va nudc thai cong nghi€p (QCVN 40:2025/BTNMT) hién hanh
t6i thiéu theo cot C 1an lugt 1a 10 va 12 mg/L.

1.2. Cac phwong phap truyén thong dé xir Iy amoni trong nwéc thai

C6 rat nhidu nghién cru nham tim kiém céc phuong phap dé loai bo mot cach
hiéu qua NH4" trong nuéc. Loai bé NH4™ co thé bao gom: phwong phap sinh hoc,
phuong phap hoa hoc, héa 1. Mdi phuong phéap c6 nhitng wu nhuoc diém khac nhau
va tly thudc vao mirc d6 6 nhidém, dbi twong, quy mé va muyc tiéu xir Iy ma mdi

phuong phap s& phat huy dugc cac diém manh.
1.2.1. Xur ly sinh hoc
Xir 1y sinh hoc ¢6 kha ning loai bo cac hop chat nito trong nurdc thai nhd vao

cac vi khuan c6 kha ning phan huy nito trong ty nhién véi wu diém tiét kiém chi phi

xtr 1y. Vi khuédn c6 kha ning phan huy amoni trong nuéc thai duoc phan loai thanh
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hai nhoém 1a vi khuan oxi hod NHs" hiéu khi va oxi hoa NHa4" ki khi. Vi khuan hiéu
khi nhu Nitrosomonas va Nitrobacter 1 nhom chinh xir Iy amoni bang cach chuyén
héa amoni thanh nitrit rdi thanh nitrat trong qua trinh nitrat héa. Vi khuan hiéu khi
nhu Nitrosomonas va Nitrobacter 1a nhém chinh xir I amoni bang cach chuyén héa
amoni thanh nitrit roi thanh nitrat trong qu4 trinh nitrat hoa. Vi khuan hiéu khi khac
nhu Pseudomonas ciing gop phan xir Iy bang cach phan hay chat hiru co. Mit khac,
vi khuén thiéu khi va ky khi nhu Nitrococcus Denitrificans va Desulfovibrio c6 thé
tham gia vao qua trinh khtr nitrat thanh khi nito, mgt qua trinh xdy ra trong moi truong
thiéu oxy (chir khong phai truc tiép xir Iy amoni). Qua trinh hiéu khi duoc thé hién

trong phan tng (1.4) t6i (1.7) va ki khi dugc thé hién trong phan tng (1.8) [39] :

Cdc phdn trng trong qud trinh hiéu khi:

2NHf + 30, - 2NO; + 4H* + 2H,0 (1.4)
3NH; + 3N,0, - NO; + 4H* + N, + 6NO + 4H,0 (1.5)
2NO; + 0, - 2N03"~ (1.6)
2NO3™ + 2H* + 10[H] - N, + H,0 (1.7)

Cdc phan vwng trong qud trinh ki khi:
NH} + NO; - 2N, + H,0 (1.8)

Vi khuin hiéu khi s& tiéu thu oxy trong, dong vai trO nhu mat chit nhan
electron dé khir NH4* thanh ion nitrit (NOy), tiép dén 14 nitrat (NO), cudi cing tro
thanh khi N». V&i cac vi khuan ki khi, vdi diéu kién khong co oxi, ion NO2™ s& dong
vai tro 12 mot chat cho electron dé khir NH4* thanh khi No.

Céc quy trinh xir 1y sinh hoc pho bién hién nay c6 thé ké dén gom cong doan
sinh hoc ky khi-thiéu khi-hiéu khi AAO (Anaerobic-Anoxic-Oxic), cong nghé thiéu
khi-ky khi AO (Anoxic-Oxic), cong nghé sinh hoc sir dung gia thé sinh hoc lo ling
MBBR. Cic cong nghé AAO va AO chu yéu dura trén su két hop tuan t giita cac giai
doan ky khi, thiéu khi va hiéu khi dé tan dung co ché ty dudng ctia timg chiing loai
vi sinh vt trong cac diéu kién trén tbi wu cho xur 1y chét hitu co va amoni trong nudc
thai. Quy trinh ky khi ky khi dua trén kha ning phan huy sinh hoc cac chit hitu co
clia cac vi sinh vt ky khi trong diéu kién khong c6 khi oxy. Cong nghé xir 1y ky khi

thuong dugc lua chon cho cidc ngudn nudc thai co tai luong 6 nhiém hitu co cao
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(COD > 1000 mg/L) ma khong can cap khi oxy nho kha nang phan hily cac chat hitu
co phurc tap cua vi sinh vat ky khi. Khac véi cong ngh¢ bun sinh hoc ky khi, cac vi
sinh vat trong cong nghé bun hoat tinh hiéu khi s& phat trién manh trong diéu kién
dugc cap du khi oxy. Tir d6 cac cht 6 nhiém hitu co dudi hoat dong cta céc vi sinh
vat hiéu khi s& duoc oxi héa thanh khi CO,. Uu diém ctia cong nghé xir Iy hiéu khi 1a
khong gay ra mui héi, xir Iy hiéu qua va on dinh cac chat 6 nhiém hitu co, chi phi
thip va thoi gian xir Iy ngan. Tuy nhién, hiéu qua xir 1y cta sinh hoc hiéu khi déi véi
amoni thuong khong cao do cac vi khuan hiéu khi cha yéu dua vao O trong khong
khi dé sinh truéng thay vi tan dung cac hop chat nito oxit trong nudc thai nhu vi sinh
vat khir nito ky khi. Vé&i cong nghé MBBR, moét luong 16n céc gia thé sinh hoc c6
dién tich bé mat 16n duoc tha lo lung trong bé sinh hoc lam gia do cho vi sinh bam
dinh. Cong nghé MBBR c6 nguyén 1y twong dong v6i cong nghé xtt 1y sinh hoc truyén
théng, nhung Gng dung cac gia thé gitip vi sinh vat sinh truéng trén gia thé c6 dién
tich bé mat 16n giup cai thién néng d6 bun sinh hoc hoat tinh. Pic diém cua gia thé
MBBR 1a ¢6 khéi luong riéng gan twong dong véi nude, giup cac gia thé duoc phan
tan dong déu bén trong bé. Hon nira, véi dién tich bé mat va do xop cia gia the, bé
mit tiép xuc giita bun vi sinh hoat tinh vé&i cac chat 6 nhiém trong nudc thai s& duoc
cai thién. Gia thé sinh hoc ciing s& gitp gir lai bun thai thong qua cac khe chén trong
bé mit bé sinh hoc, gitp cai thién dang ké hiéu qua luu bun trong bé sinh hoc va giam
ap luc vé kich thude va thoi gian luu cho hang muc bé lang tiép dién. Bén canh nhiing
wu diém cua cong nghé¢ MBBR, mot vai ton tai cta cong nghé nay la khé khan va
phtic tap trong thao tac danh gia chit luong vi sinh vt bam dinh trén gia thé, yéu cau

can bo van hanh phai c6 chuyén mon cao v€ van hanh hé sinh hoc sur dung gia thé.

Hién nay, dd c6 nhiéu cong nghé da ing dung kha ning ctia nhitng vi khuan
trén vao quy trinh xir Iy sinh hoc dé dat dugc hiéu qua xir Iy cac hop chat nito véi
hiéu suat tir 60 — 95% [39]. Cac phuong phap phd bién hién nay trén thé giéi dé loai
b6 cac hop chit nito trong nuée thai hién nay dira vao cac qua trinh nitrification va
denitrification 1a hé xir 1y NH4* hiéu suét cao trén nitrit (single reactor system for
ammonium removal over nitrite, SHARON), hé xir Iy nito tu dudng toan phan trén
nitrit (completely autotrophic nitrogen-removal over nitrite, CANON), va h¢ xu ly
nito ty dudng thiéu khi (oxygen-limited autotrophic nitrification and denitrification,

OLAND) [40].
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Heé xir 1y sinh hoc nitrit hoa tirmg phan va oxi hoa amoni ky khi tiép dién da
dugc tng dung dudi quy mo pilot dé xir Iy nude thai chira NHs™ nong do cao trong
nghién ctru cua Fux va cong su [41] (Hinh 1.4). Duéi diéu kién nhiét do 30 °C, thoi
gian luu 1 — 1,5 ngay, nong d6 NH4* dau vao khoang 650 g N/m?, hon 90% lugng

nito dau vao da duoc xt Iy chi véi ham lugng bun thai ra khong dang ké.

B6 sung dich ndi ¢ N,

Hén hop
amoni/nitrit

Can noi

- <
Nwdg ganve
Chay tran bé lang
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O NH,, NO,->
NH, -> NO
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Hinh 1.4. Cau tao hé phan tng nitrit hoa tirng phan va 6xi hoa ki khi NH4* [41]
Trong nghién ctru cua tac gia Wu va cong su (2019), hiéu qua xur 1y tong nito
va COD cuia hai loai mang loc sinh hoc thim thau duéi diéu kién hiéu khi da dugc

khao sat va so sanh (Hinh 1.5) [42].
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Hinh 1.5. Quy trinh hé xir Iy COD va tong nito hiéu khi véi mang MBR [42]

Mang sinh hoc polyvinylidene fluoride (PVDF) dat dugc hi¢u qua xir Iy COD
(97,06 £0,97%) va téng nito (85,66 = 0,87%) cao hon so véi hi¢u suét cua mang loc
sinh hoc polypropylene (PP) (87,13 £ 0,87% COD va 71,13 + 0,71% tong nito). Tac
gia ciing nhan manh rang bé mit nham wa nudc cia mang loc PVDF 1a yéu té dem
lai hiéu suét xir 1y sinh hoc cao hon. Tuy nhién, phuong phap nay dbi véi hai mang
loc yéu cau thoi gian luu nudc twong dbi cao & ngudng 12 gio ddi véi PVDF va 20
tiéng dbi véi PP, & cung luu luong chit thai dau vao véi 11,56 g COD/m2.ngay va

2,32 g NH3-N/m?.ngay.

Uu diém cua cac phuong phap sinh hoc 14 chi phi xtr 1y thap do cha yéu dua
vao kha nang phan huy cua céac vi sinh vat. Tuy nhién, han ché cua phuong phap nay
c6 thé ké dén 1a thoi gian nudi cdy trong d6i dai, thoi gian luu dang ké, va tuong ddi
nhay cam voi su thay ddi cua cac thong s6 van hanh nhu nhiét d6 va n6ng dd chat
thai ¢au vao. Hon nita, ddi v6i cac loai nude thai o ti 18 co chat trén nito (C/N) thap
nhu nude thai chin nudi va nudc ri rac sau ky khi s& gay @re ché hiéu qua xu 1y bang

qua trinh sinh hoc.
1.2.2. Két tiia hod hoc

Phuong phap két tiia hod hoc dua trén viéc bd sung cc chat hoa hoc thich hop
tao nén cac hop chét voi chat 6 nhiém tao thanh céc tinh thé lang c6 khdi lugng 16n qua

d6 duoc loai b khoi nudce trong mot quy trinh xtr 1y nude thai. Boi voi xir Iy NH4*
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trong nudc thai, két tia struvite, hinh thanh két tha NHs" dudi dang magnesium
ammonium phosphate (MgNH4PO4.6H,0), 12 mét k§ thuat thuong dugc tng ung phd
bién [39]. Vé mit k¥ thuat, két tia struvite phtt hop v6i nude thai 6 ndng do phospho-
phosphat ¢ mtrc trung binh (>50 mg/L), ndng d6 amoni-nito cao (>1000 mg/L, trir nudc
thai chin nudi heo), gia tri pH trung tinh hodc cao va do kiém cao (>11.000 mg
CaCOs/L) [43]. Két tua struvite dugc tao ra tir phan (mg can bang ctia ion thanh phan.
Phan tmg ndy yéu ciu su can bang néng do cua ion magie va photphat, diéu kién pH
t6i wru, va khong chira ion gay anh huong vi du nhu canxi [44]. Trong xt Iy amoni, két
tha struvite dugc coi 1a mot trong s it cac phuong phap cé thé thu héi dinh dudng tir
nude thai. Cy thé, két tia struvite tao thanh tir PO4*" va NH4* trong nudc thai sau qué
trinh x1r Iy dugc coi 1a phan bén nha cham hon so véi cac loai phan bon 1éng va phan
hoa hoc trén thi trudng, c6 thé gitip ngin ngira chay ré ciy va that thoat dinh dudng do

rira troi [45]. Phan tmg cua két ta struvite duoc biéu dién bang phuong trinh (1.9):

Mg%;’q) +NH} ) + Poi(-aq) — MgNH,PO, ) (1.9)

C6 nhiéu nghién ctru da ung dung phuong phap ndy vao quy trinh xtr Iy nudc
thai chira NH4™ khac nhau nhu nudc thai ché bién thuc phém, nudc thai chan nuoi,
nude thai dau ra cta hé ki khi, nudce thai i rac [39]. Ryu va cong sy (2018) da su
dung phuong phap nay dé xir Iy amoni trong nudc thai cia mot nha may san xuét vat
lidu ban dan (Hinh 1.6) [46]. Két qua cho thiy hiéu qua xtr Iy dat muc t6i vu 89% 6n
dinh trong 176 ngay van hanh tai diéu kién pH 9,2.
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Hinh 1.6. Quy trinh thu hdi amoni tir nudc thai chian nuéi bang phuong phap két
tua struvite [46]

Tunay va Kabdasli da thyc hién khdo sat kha nang xur Iy amoni cia phuong
phap nay trong quy moé phong thi nghiém ddi vdi nude thai san xuat thuc pham [47].
Thoi gian quy trinh xir 1y dién ra nhanh trong khoang tir 1 dén 3 gio véi diéu kién pH
trong khoang 7,5 d&én 9,5. Két luan twong tu ciing dugc nhan manh trong nghién ctru
ctia Borojovich va cong su khi ho néu ra bon wu diém noi bat cia str dung MgO trong
phuong phap két tia struvite d6 1a: hiéu suat két tia cao (99%), ndng do amoni dau
ra 6n dinh dudi 50 mg/L, két tua dién ra ¢ diéu kién pH trung tinh, va lugng du MgO
cling khong 1am anh huéng dén diéu kién pH cua nude thai [44]. Tuy nhién, dudi sy
xudt hién cia ion canxi, nong d6 amoni dau ra c6 thé bi ting 1én 1000 mg/L. Hon
nira, két tha struvite chi c6 thé thu hdi NHa* va PO4> ¢6 ti 1é mol can bang trong nudc
thai. Thong thuong trong nudc thai, ti 16 N:P thudng cao hon 5 lan, giy giam dang
ké hi¢u qua xir Iy amoni do lwgng han ché PO4* cé trong nudc thai [48].

1.2.3. Trao déi ion

Qua trinh trao ddi ion 1a nhirng phan tng héa hoc co6 thé dao nguoc, nham loai
b6 cac ion hoa tan trong dung dich va thay thé chung bang cac ion khac cé dién tich
tuong ty. Trong xt Iy nude thai, phuong phap nay cha yéu duoc sir dung dé 1am mém
nudc, trong dé cac ion canxi va magi€ dugc loai bo khoi nude. Tuy nhién, phuong

phap nay ngay cang duoc sir dung rong rii hon dé loai bo cac loai ion hoa tan khac,
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tor d6 md rong ing dung trong xu ly nudce thai. Vat li¢u trao doi ion c6 thé 1a trao doi
cation — trao d6i cac ion mang di¢n tich duong (cation), hodc trao d61 anion — trao doi

cac ion mang di¢n tich am (anion).

® lonnNH?

‘ Cation kim loai

Hinh 1.7. Co ché xir Iy NH4" bang phuong phap trao d6i ion [49]

Trong quy trinh trao ddi phdi tir chon loc sir dung cic nhuya trao doi cation
polymer thuong mai mang cac cation kim loai chuyén tiép, phan 16n cac kim loai nay
khong két tiia thanh hydroxide. Thay vao d6, amoni vuot qua su canh tranh trao doi
ion, dat hiéu suat loai bo cao thong qua co ché trao d6i phdi tir véi cac phdi tr nude
kim loai lién két véi ion kim loai [50]. Clark va Tarpeh (2020) da chting minh hiéu
qua loai bé amoni-nito dang ké bang cach st dung zeolit, chu yéu nho vao co ché
trao doi cation. B& mat cua vat liéu két hop gitra zeolit va sat kim loai kich thuéc nano
khong hoa tri (nZVI) tré nén tich di€n &m hon, lam tang ) luong vi tri lién két anion
dé tuong tac voi ion amoni [51]. Eljamal va cong su (2022) da stir dung vat li¢u trao
d6i ion tong hop tir ti 18 tdi wu giita sat kim loai nano va zeolit dé loai bo hiéu qua
85,7% amoni-nito trong dung dich c¢6 nong d6 100 mg/L thong qua lyc hut tinh dién,
trao doi cation va hap phu, cho thay hiéu qua nang cao ciia vat liéu tong hop trong
tach tir va loai bé amoni [52]. Scandelai va cdng su (2020) da st dung plagioclase
cho qua trinh trao d6i ion nham loai bé 90% amoni, nhung ciing phat hién rang cac
1on kali, natri, canxi va magié canh tranh vi tri trao ddi ion v&i amoni trén plagioclase,
va kha nang trao d6i bi anh huong boi sy c6 mit cua cac phan tir hitu co nho chiém

cac vi tri hdp phy, 1am giam kha ning hap phu amoni [53]. Trong qua trinh phan huy
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ky khi, sy trc ché amoni 13 két qua ctia hiéu Gng cong huong giita viéc cung cép ion
canxi va loai bo ion amoni théng qua trao ddi ion gifta canxi va amoni. Zeolit c6 thé
lam giam hiéu qua su (e ché amoni trong qua trinh ndy. Ngoai ra, uu diém cia viéc
st dung lién tuc zeolit va nhya trao ddi ion 1a gitp giam pH cua vat li€u va loai bo
amoni, nito thong qua trao doi ion. Tao va cong su (2017) di loai bo trung binh 50%
va 70% amoni-nito bang cach sir dung hé théng phan tng c6 zeolit dang 16ng xién va
liéu nhura, giup giam hiéu qua sy e ché amoni trong phan huy ky khi [54]. Tuy nhién,
trong cac hé théng dinh lugng vt li¢u trao ddi ion, sy hién dién cta zeolit va nhya
c6 thé gay pha v ciu triic bong bun thong qua cac budc trao doi ion lién tiép giita
zeolit hodc nhya va ma trin ba chiéu, din dén giai phong cac polymer ngoai bao [55].
Céu tric cua vat lidu trao doi ion can phai md va on dinh dé ting kha ning trao doi
cation, tinh chon loc cation, thé tich rong cao va i luc manh dbi voi cac ion hitu co

tich dién duong nhu 1on amoni.

Loi thé cta trao ddi ion trong xtr 1y nude thai 1a kha ning xir Iy da dang nong
d6 amoni [56]. Tuy nhién, nhuoc diém chinh cta cong nghé nay 1a chi phi van hanh
16n do nhu cau hoa chat dé tai sinh vt liéu trao d6i ion [49]. Hon nita, do phan ng
hoa hoc c6 thé dao nguoc trong qua trinh trao d6i ion, hién twong giai hip c6 xu
huéng xay ra do su dich chuyén can bang, dic biét khi ndng do amoni trong dong
nuéc dau vao giam xudng [49]. Do d6, cong nghé nay thudng duoc can nhic st dung
voi céc loai vat liéu trao d6i ion gia thanh thép, xu ly bac 3 voi néng do amoni gén
dat ngudng xa thai dé dat hiéu qua bén viing cia qua trinh va tranh tic dong tiéu cuc

cua cac cation canh tranh.

1.2.4. Hip phu

Hap phu 1a mot phuong phap xt 1y chi phi thap, st dung co ché 1y-hoa dé loai
b6 amoni hodc cic chat 6 nhiém khac co trong nuéce thai. Hinh 1.8 trinh bay so dd
nguyén 1y ctia qua trinh hip phu NH4* trén bé mat vat liéu. Hién nay c6 nhiéu loai vat
liéu hap phu duoc st dung dé hap phu amoni trong nude thai. Phan 16n cac vat liéu
hap phu duogc tong hop tir nhidu ngudn khac nhau, va cha yéu dugc st dung dudi
dang than hoat tinh. Cac vat liéu hép phu dua trén zeolit ty nhién, bao gém
clinoptilolit va modernit, cling dugc chirng minh 1a ¢6 hiéu qua cao. Nhiing vat li¢u
hap phu nhu vay thuong co dién tich bé mit rat 1on, cho phép hap phu amoni 1én bé

mit hiéu qua. Phuong phap hap phu van hanh don gian, khong gay 6 nhiém thir cap,
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mang lai hiéu qua xtr Iy tbt. Cac vat liéu hip phu thuong duoc sit dung bao gdm than
hoat tinh, zeolit, alumina, cac hop chét silica va vt liéu hép phu nano [57]. Viéc su
dung hap phu trong méi truong 10ng 13 mot phuwong phap don gian va hiéu qua dé thu
giit s6 lugng 16n phan tir amoni trén mdi don vi thé tich, mic du mot sd vat liéu hap
phu ¢6 kha ning loai bo cao, nhung van gip phai han ché nhu nhu cau sir dung 16n,
quy trinh diéu ché phtrc tap va thoi gian dat can bang hap phu kéo dai [58]. Do phan
tir amoni c6 kich thudc nhoé nén kha ning hip phu bang co ché vat Iy trén bé mit 15
x6p théng thuong nhu than hoat tinh 13 rat yéu. Mit khéac, v6i cau hinh ion amoni
NH4" véi dién tich duong, viéc lua chon vat liéu hép phu c6 ai lyc bé mat mang di¢n
tich 4m dé tao ra co ché hép phu héa hoc (tao lién két véi bé mat) nhu zeolite, hat

trao d6i ion, hay than hoat tinh bién tinh thudng dugc chi trong [59].

Hap phu

Giai hap

® onnNH,

Hinh 1.8. Mb ta co ché hép phu amoni trén bé mat vat liéu [39, 49]

Hién tuong 18 x6p bi thay doi trong qua trinh xr 1y anh huong dén hiéu suét
hap phu vé 1au dai, do d6, d6 6n dinh cua vat liéu hap phu ciing rt quan trong [60].
Than hoat tinh bién tinh véi sit chira nhiéu nhém hydroxyl hon trén bé mat, khién bé
mit tich dién Am manh hon. Natri va sit dugc dua vao bé mit than hoat tinh dé tang
cuong luc hut tinh dién gitra than hoat tinh va ion amoni. Than hoat tinh mang st co
thé loai bo hiéu qua amoni trong nudc thai co néng do thép va nhiét do théip, vo1 hiéu
sut loai bé amoni dat 32,5% & pH 7 va 10 °C [61]. Bentonite bién tinh v&i nhom va
tannin kép cling dugc ing dung hi€u qua trong viéc loai bé amoni khoi nudc thai

nhiét d6 thap. Khi pH tang, dién tich bé mit cia acid tannic giam manh, mang nhiéu
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dién tich &m hon vao bentonite, c6 thé nang cao kha nang loai bé amoni-nito ctia vat

liéu héip phu, trong d6 pH 8 duoc xéac dinh la diéu kién t6i uu [62].

Mousavi va cong sy (2022) da téng hop vat li¢u hép phu nano dya trén
zirconium oxide va graphene oxide vdi cdc nhém chirc nang (epoxy, hydroxyl va
carboxyl) trén bé mit c6 kha ning twong tac hiéu qua voi amoni va cung cip dién tich
bé mat phu hgp cho viéc loai bé amoni [63]. Loai vat li¢u h?ip phu nano méi nay co
thé loai bo tdi da 90,11 mg/g amoni, chirmg minh rang cac oxit kim loai ¢ kich thuéc
nano la nhiing vat li¢u hép phu amoni chon lgc va hi¢u qua nhét. Viéc chuyén hoa tro
bay thanh céc san pham zeolit chat luong cao dang nhan dugc nhiéu sy quan tam, va
Ma va cong su (2022) da sir dung td hop carbon va zeolit bién tinh bang sét sunfat dé
hép phu tbi da 7,44 mg/g amoni v6i hiéu suat loai bo t6i da dat 88%, gop phan ngin
chdn hién twong phu dudng trong moi truong nudc ty nhién [64]. Alumina véi kich
thudce 16 hep, dién tich bé mat 16n, mang ludi xdp cao va bé mit c6 tinh acid cho phép
cac phan tir hip phu khuéch tan lién tuc dén cac vi tri hdp phu bén trong, thuan lgi

cho qua trinh hap phu phan tir amoni c6 tinh kiém [65].

Kha nang trao ddi ion cua zeolit ty nhién khién ching trd thanh Iya chon hép
dan cho qua trinh hp phu dudi dang bot lo limg (vat liéu hap phu) nham loai bo
amoni khoi nudc [66]. Zeolit tao ra twong tac dién tich yéu vo1 su hién dién cua ion
amoni trong nudc thai thong qua kha ning trao doi ion, lién két cac cation nay véi
khung silica-aluminate. Zeolit c¢6 thé d& dang hip phu phan tir amoni nhd vao su hién
dién phong phu ciia cic nhom axit Bronsted trén bé mit. Tac dong cua su bién dong
vé ndng do amoni co thé duoc giam thiéu thong qua kha ning hip phu amoni cta
zeolit va tai sinh sinh hoc béng qua trinh nitrat héa. Zeolit tu nhién diabase c6 hoat
dong hiéu qua, hip phu hon 80% lugng amoni trong dung dich dau vao [67]. Do zeolit
téng hop co dién tich bé mat riéng 16n hon, thé tich 16 x6p tong 16n hon va kich thudc

16 trung binh nhé hon nén chung c6 kha niang hap phu amoni-nito cao hon [68].

Huang va cong su (2014) ciing cho thiy amoni va phosphat ¢ thé duoc loai
b6 dong thoi khoi nude thai mé phong nudi trong thity san bang cach sir dung zeolit
bién tinh va tinh thé guanoite [69]. Xu va cdng su (2020) da tao ra cac vat li¢u lai
zeolit—hat nano oxit sat bang chiét xuat tir 1a khuynh diép va phat hién rang viéc ting

lidu lwong vat liéu hip phu s& lam ting sé lwong cac vi tri hip phu tuong tac véi ca
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hai ion va dién tich bé mat san cd, tir d6 cai thién hi€u suat loai bo amoni tong thé

(1,4 - 56,57%) [51].

Tom lai, qua trinh hap phu amoni dya trén sy tuong tic tinh dién gitra ion
amoni (cation) va vat liéu hip phu c6 bé mit phan cuc. Xu hudng phat trién hién nay
13 t&i wu héa cac vat liéu hap phu chi phi thip nhim giam téng chi phi va ning cao
hiéu qua xur 1y. Ngoai ra, cac yéu t6 nhu pH, nhiét do va luong vt liéu hip phu st
dung ciing anh huéng dén hiéu suat hip phu amoni. Bén canh d6, qua trinh hap phu
trong xur Iy amoni van ton tai mot s6 han ché nhu hiéu suét khong 6n dinh do ion canh
tranh va chat hitu co trong nudc thai. Viéc tai sinh vat liéu gy tén kém va tao dong
thai thir cip, trong khi mot s6 vat liéu can thoi gian hap phu dai va dé suy giam hiéu
suat do tic nghén hodc sup d6 cau tric. Vat liéu cai tién tuy hiéu qua cao nhung chi
phi va quy trinh ché tao phirc tap. Hiéu qua hap phu con phu thudc nhiéu vao pH va
nhiét d§ cua moi truong.

1.2.5. Mang loc

Str dung mang loc 1a phuong phap tach biét cac chat ran va cac thanh phan hoa
tan & kich thudc phan tir khoi nudce thai thong qua 16p mang ban thim thau. Cac loai
mang loc phd bién hién nay dé 1a RO (reserve osmosis), UF (ultrafiltration), MF
(microfiltration), NF (nanofiltration), dugc lya chon va st dung tuy thudc vao kich
thudc chét thai can duoc loai bo khoi ngudn nude (Hinh 1.9). B6i véi chat thai co thé
hoa hoi nhu amoni, loai mang loc dang soi mong di duoc nghién ciru phat trién dé

phu hop hon vé1 muc dich nay.
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Hinh 1.9. So sénh hi€u nang cua céc loai mang loc khac nhau [39]

Trong nhitng nam gan day, su phat trién ciia bd tiép xtic mang soi rong da tao
ra mot phuong phép thay thé khac dé loai bo cac chat 6 nhiém dé bay hoi nhu NHs.
Bo tiép xtc mang thuong ¢ cu trac vi x6p (tir 0.1 d&én 2.5 um) va ky nude thuong
duoc lya chon dé xir Iy va thu hdi amoni do phu hop véi kich thude cia ion nay trong
nude (0.15 — 0.35 nm) gitp tham thau hiéu qua ion nay t6i dong thu hdi ma khong
13n cac tap chét khac. Thong qua qua trinh hap thu va stripping, qué trinh chuyén khéi
gitta pha 16ng-1ong hoic khi-1éng dién ra ma khong 1am pha tron hai pha véi nhau
[70, 71]. Vi du, s¢i rong ky nudc co kha ning phan tach pha dung dich chira NH; &
phia v6 ngoai va dung dich axit pha lodng (thudng 13 axit sulfuric) & phia trong dng.
NH3 6 phia vo ngoai khuéch tan tir dung dich s6 luong 16n dén bé mit giao dién giita
dung dich cap va mang, sau d6 thim thdu qua mang va cudi cung phan Gng voi axit
& giao dién con lai dé tao thanh hop chat khong bay hoi (Hinh 1.8) [70]. Do d6, NH4*

trong nudc thai s¢ dugc kiém hoa thanh NH3 va duoc loai bé nhey mang loc. Cac cong
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nghé xtr Iy NH3/NH4" trong nuc thai bang cong nghé mang da dugc trién khai thuong
mai hoa & Chau Au tir ndm 2002. Mb-dun phd bién nhat duoc sir dung 1a Liqui-Cel®
Membrane Contactors do Celgard LCC phat trién. Hé thong ndy c6 kha ning xur 1y va
xtr Iy mot dong nude thai ¢6 luu luong cao 1én dén 10 m3/h, v6i ndng dd amoniac trong
nudce cap co thé 1én téi 1100 mg/L va hiéu qua loai bo dat hon 95% [72]. Phuong phap
sir dung mang thim thdu mang lai mot s6 loi ich so véi cac phuong phap tach
NH3/NH;" truyén théng khac. Nhiing loi ich bao gom téc d6 loai b6 NH;3 nhanh do
dién tich bé mit tiép xtic 16n [70, 73]; khong c6 hién twong chay tran/qua tai/tao bot
[70, 71]; ¢6 kha ning thu hoi va tai sir dung cac hop chat dé bay hoi [70]; hoat dong
dudi ap suét chénh léch thp, do d6 giam chi phi dau tu [70]; c6 kha nang xir Iy mot
dai rong nong dd6 NH3/NH.4" [70] va c6 thé sir dung cho nong do rat thap (~1 mg/L)
[73]; dé dang mé& rong quy mo [71].

Doéng thai chira NH;-N néng d6 cao
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Hinh 1.10. So @ quy trinh thir nghiém sir dung mang tham thau trong xir Iy amoni
trong nudc thai [70]

Tuy nhién, cling c6 mdt s6 van dé khi sir dung phuong phap xir Iy bang méang
tiép xtic. Mang c6 xu huéng bi bam ban do tap chét ran, lam giam hiéu qua cia qua
trinh thadm thau. Ban than mang véi kich thudc 16 Xép nhé cling tao ra tré luc nhét dinh
cho qua trinh truyén khéi. Tudi tho cta vat liéu mang thudng khong cb dinh, tiy thudc
vao kich thudc 16 mang va loai nude thai xi 1y. Tudi tho ngin yéu cau thay thé mang

thudng xuyén, diéu nay s& lam tang chi phi van hanh va bao tri [71]. Mic du phuong
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phap sir dung mang c6 nhimg nhuoc diém nay, nhung né van 1a mot lwa chon hip dan
cho nhiéu tmg dung trong nganh céng nghiép vi né ¢6 nhiéu loi thé hon so véi cac qua
trinh khac. Cac nha khoa hoc va cac nha nghién ciru da lién tyc dwa ra cac tién bo trong
qua trinh nay dé cai thién hiéu qua va giam thiéu nhimg nhuoc diém. Hasanoglu va
cong su [70] da tién hanh cac thi nghiém diéu tra viéc loai bo NHs/NH4* b::ing hai loai
mo-dun bd tiép xtic mang, gdm mo-dun mang soi rong va mang tim phang. Ho dd quan
st thdy rang ty 1& thu hdi amoniac cao 1én t6i 99,83% sau 35 phut va 150 phut d6i véi
mo-dun mang soi rong va mang tim phang, tuong mg. Tuong tu, Ashrafizadeh va
Khorasani [73] ciing d nghién ctru viéc loai bdo NH3/NHa" tir dung dich nudc bang
cach sir dung bo tiép xuc mang soi rong polypropylene va nhan thiy rang trong diéu
kién phu hop, chrfmg han nhu pH 10 cua dung dich cép, c6 thé dat duogc t6i 99% hiéu
qua loai bd NH3/NH4*. Uu diém ctia phuong phép sir dung mang loc c6 thé thiy 1a hiéu
suat xir 1y rat cao trong thoi gian ngan, khong gy 6 nhidm thir cp, thich hop cho tng
dung thuc tién, rat thich hop cho xir Iy ndng ¢6 NHs/NH4* & mirc thap cho quy trinh
xtt 1y bac 3. Tuy nhién, chi phi ddu tu va béo tri cao, tudi doi mang loc khong 6n dinh,
cling nhu hién tuong tic mang thuong gap 1a nhitng nhuoc diém hay gip phai khi st
dung phuong phap nay.
1.2.6. Stripping

Stripping (hay air stripping) 13 quy trinh théi khi qua dong nuéc 6 nhiém dé
loai bé cac chét 6 nhiém hoa hoi trong nuéc nhu NH;-N, dung méi hitu co (isopropyl
alcohol) va cac chit hitu co d& bay hoi (VOCs). Dbi tuong xir Iy ctia phuwong phap
stripping sé& 1a cac hop chat 6 nhiém hoéa hoi, d& bay hoi trong nuée, c6 thé dé dang
chuyén tir pha 10ng sang pha khi. Khong khi théi qua dong nudc 6 nhiém sé& gitp thoi
bay cac cht 6 nhiém hoa hoi nhanh va hiéu qua hon. Dong chét 6 nhiém hoa hoi s&
duogc thu gom dé xtr 1y hodc dua ra méi truong trong trudng hop ndng do loang trong
khong khi.

Qua trinh stripping chu yéu st dung thiét bi stripping hodc bé suc khi dé day
khong khi qua nuée thai. Kich thudce va kiéu dang cua thiét bi stripping s& phu thudc
vao thanh phan 6 nhiém va luu lugng nude thai can xir ly. Thiét bi stripping pho bién
nhat hién nay 1a thap stripping, 14 mot dang bé cao c6 nhdi cac vt liéu dém bang

nhua, thép hodc ceramic. Nudc thai s& duge bom vao thap tir phia trén va phan phdi
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déu trén bé mit vat liéu dém. Dong nude s& nho giot xuyén qua cé khoang tréng gitra
cac vat liéu & dang cac dong chay nhé giup ting dién tich tiép xtic v6i dong khi thdi
tir dudi day thap. Mit khac, ¢ bé thoi khi s& loai bo cac chat 6 nhiém thong qua viéc
suc bot khi vao bé chira nuge thai. Khong khi va hoi nudc bdc 1én tich tu phia trén
thiét bi stripping va bé suc khi s& duoc thu gom dé xur 1y hozc dua ra ngoai méi truong.
Nudc di xir Iy chay xudng day, thu thap va thr nghiém dé dam bao dap tmg cac yéu

cau lam sach. Nudc c6 thé can xur Iy bo sung dé dat dugc mure yéu cau.

Thép stripping dong chay ngugc ¢6 kha ning tao ra dién tich bé mat giao thoa 16n
gitip cai thién hiéu qua chuyén khdi cac hop chat hoa hoi tot hon cac thiét bi suc khi
khac. Do viy, phuong phép nay tao ra nhiéu loi thé trong hiéu qua xur Iy va chi phi
trong xtr Iy cac hop chat bay hoi tir nudc cip va nude thai. Cac phuong trinh da duoc
phat trién va t6i wu dé thiét ké hé théng xtr 1y cho timg hop chét cu thé. Bén canh do,
céc nghién ctru thi diém da dugc diéu chinh phu hop véi moi quy mo va do nhay cia
cac yéu cau xur 1y cta cac du an, dé co thé thiét 1ap dugc cac thong sé ki thuat thiét ké
chinh va xé4c dinh wdc tinh tong chi phi dau tu. Cac yéu td thir cp c6 thé anh hudng
dén chi phi va hiéu qua xir 1y ctia quy trinh stripping s& dugc can nhic. Viéc ude tinh
chi phi va quy mé hé théng dé giam thiéu tiéu thu niang luong ciing duoc xem xét trong

qua trinh thiét ké.
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Hinh 1.11. Ciu tao va co ché hoat ddng ctia thap stripping [74]

Trong xtr Iy NH4* bang stripping, nudc thai s& duoc kiém hoa dé chuyén doi
dang ion sang dang NHs tu do, sau d6 NH; dugc thoi bay khoi nude thai thong qua qua
trinh stripping. Trong qua trinh nay, nudc chira NHs" duge nang pH hodc lam nong
dugc cap tir trén xudng thap stripping, trong khi ludng khi nguoc dong duoc dua vao
tir day thap. Sau khi qua xir 1y, khi chira NH3 di vao thap hap thu NHs, noi n6 dugc hap
thu bang axit sulfuric dé tao ra san phim phan bén. Ngoai ra, bang cach ting pH, ion
NH4* ¢6 thé dugc tach (stripping) khoi pha long thong qua qua trinh chiét xuat hoi
nude va duge hip thu bang axit photphoric, gitip tranh phat thai khi amoniac ra moi

truong va gidm hi¢u ing nha kinh [75, 76].

K¥ thuat stripping NH3 dugc danh gia 1a rat hiéu qua trong xur 1y nudc thai
chtra NH4*/NH3 va cac hop chéat doc hai, nhu thé hién trong Bang 1.5. Qua trinh nay
thudng yéu cau pH trén 9,25, vi & mtc pH > 9, sy bay hoi NHs tir hdn hop NH4*/NH3
tré' nén thuan loi vé mat nhiét dong luc hoc, do can béng chuyén dich vé phia NH3
[77]. K§ thuat stripping NH3 duoc coi 1 6n dinh va dé kiém soat hon so véi cac quy

trinh sinh hoc trong xir Iy nudc thai [78]. Provolo va cong sur (2017) da phat trién mot
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quy trinh stripping hoi nudc nha cham, gitp khac phuc han ché vé nhu ciu ning lugng

gia nhiét va hoa chat dé dat hiéu suét stripping dat téi da & pH 9 va 40 °C [79].
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Hinh 1.12. So d quy trinh stripping amoni tir nudc thai chin nudi lon [80]

Ulu va Kobya (2020) ciing phat hién rang stripping hiéu qua hon két tiia hoa
hoc trong xur Iy NH4"/NH; [81]. O muc pH 12, cong nghé stripping da loai bo hon
90% NH4*/NHs, nhd vao viéc ting dién tich tiép xuc khi-long, giam ap suat riéng
phan cta nito va ting pH [82]. Bonmati va Flotats cling st dung mé hinh thap
stripping voi chiéu cao 1m, duong kinh dém 5 cm va thé tich dém 1,9 L dé NH4"/NH;
amoni trong nudc thai chan nuoi lon [80]. Véi diéu kién van hanh & nhiét do chat
long 80 °C, Qc/Qr = 75 va thoi gian luu 4 h, hiéu suét loai bo amoni dat duoc tir 96%
dén 98,8% tir nong d6 amoni dau vao trong khoang tir 3,39 — 3,68 g/kg. Tuy nhién,
mirc pH cao sau qué trinh stripping doi hoi phai bo sung axit dé giam pH trd lai va
tuan hoan bun 16ng. Viéc sir dung qua nhiéu hoa chat dé diéu chinh pH, cung véi
nguy co tich ty bun sinh hoc trong c6t thap va bo trao doi nhiét, 1a nhitng yéu t6 chinh
1am tang dang ké chi phi van hanh va bao tri ciia cac cong nghé thoi khi truyén thong.

Nhiét 6 cao 1am ting ap suat hoi bdo hoa ctia amoniac tu do trong dung dich,
tir 46 khuéch dai dong luc chuyén pha tir 16ng sang khi, ddng thoi nang cao toc do

khuéch tan va truyén khdi ciia cac phan tir trong ca hai pha [83]. Ngoai ra, phuong
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phap chiét xuat bang hoi nudc c6 nhitng han ché, bao gém chi ¢6 hiéu qua ddi voi
nuoc thai chira 10-100 mg/L amoniac, khong thé thuc hién trong diéu kién lam lanh,
khong loai bo nitrit hodc nito hitu co, va giy 6 nhiém do phan (g giita amoniac trong
khong khi va luu huynh dioxit.

Bdng 1.4. Thong sb van hanh va hiéu qua xtr Iy amoniac bang phuong phap
stripping trong cac nghién ctru

Nong do Hiéu qua
Luu lwgng khi pH Nhiét do TLTK

amoniac xtr ly (%)
1,58 —4,5 g/kg 10 L/phut 9 40 °C 87 [79]
16.200 mg/L 10 L/phut 12 - 94 [81]
98 mg/L 45 L/phut 12,38 40°C 98 [84]
1600 mg/L 3600 L/h 9,25 18,5°C 98 [85]
1000-3700 mg/L 262 L-khi/L-nudc 8,5 70 °C 63 [86]

Mic du cac nghién ciru cin ban néu trén di thé hién 1d vu diém cta qué trinh
stripping st dung cot nhdi nhu hiéu suét cao va khong phu thudc vao hod chéat phy
tro, mot vai han ché da gi61 han kha nang ing dung ki thuat nay vao quy mo thuc té.
Nhu d3 néi ¢ trén, hiéu qua cua qua trinh truyén khéi trong stripping phu thudc vao
thé tich nhoi va ti 1& Qs/Qr. Do d6 khi tng dung vao quy md luu luong thuc té, thiét
bi duoc yéu cau phai c6 kich thudc rit 16n dé kéo dai thoi gian luu chat 1ong trong
phan nhdi din t6i chi phi dau tu ban dau cho vt liéu twong ddi cao [87]. Bén canh
d6, khi van hanh & ti 16 Qa/Qu ti da, luu luong khi qua 16n so véi luu lwong chat
1ong s& gay hién twong tic dong chit 16ng nguoc chiéu dan giy khé khin trong van
hanh va béo tri. Trong nghién ctru xur Iy amoni tir nudc thai ri rac véi cot nhdi quy
mo pilot ciia tac gia Santos va cong su (2020), tuy kich thude thiét bi twong d6i 16n
v6i chiéu cao 1,95 m va duong kinh cot 150mm, qua trinh phai can thoi gian luu nude
thai tir 4-9 ngay dudi dang tuan hoan ra vao cot dé dat 98% hiéu suét xir Iy amoni
[88]. Piém yéu chinh gy gi6i han ti 16 Qa/QL cta cot nhdi d6 chinh 1a do dong nude
chay ngugc phu thudc hoan toan vao trong luc khi chay qua phan nhoi, khi gap luu

luong khi qua 16n s& gay hién tuong tic hodc chay tran ngugc dong chat long.
1.2.7. So sanh cdac phwong phdp xvr ly amoni trong nuwdc thdi

Trong nhom céac cong nghé xir Iy amoni, c6 thé thdy rang cac phuong phap xir

1y trén déu c6 kha ning xir 1y hiéu qua amoni xudng t6i ngudng dat chudn (dudi 10
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mg/L). Tuy nhién, ddi voi thanh phan nudc thai ndng d6 amoni cao (trén 1000 mg/L),
ngoai trir phwong phap stripping, cac phuong phap con lai déu khéng phu hop do yéu
cau nong do amoni dau vao dudi 200 mg/L. Ddi v6i quy trinh xir 1y sinh hoc, néng
dé amoni cao s€ anh hudng dén ti 1& C/N dan t6i e ché qua trinh sinh hoc. Tai lugng
amoni cao ciing lam ting tan suét thay doi vat liéu hip phuy, trao doi ion dbi v6i hap
phu hoic yéu cau luong hoa chit 16n véi qué trinh keo tu hoa hoc, din tdi mat tinh
kha thi vé& mit chi phi véi hai phuong phap nay. Tuong tu nhu vdy, phuong phap
mang loc ciing s& yéu cau sd lwong module 16n dong thoi dong dam dic tir ndng do
amoni cao ciing s& 13 van dé 16n dan t6i kho khin trong van hanh va chi phi ddi véi
tai luong amoni cao. Tom lai, néng do amoni néng do qua cao la nhuoc diém c¢b hitu

can tr¢ kha ndng ing dung va van hanh hi¢u qua cta ca phuong phap xu 1y trén.

Mit khéc, phuong phép stripping phu thudc hoan toan vao co ché chuyén khoi
ctia thanh phan NH3 (chuyén dich tir NH4") trong nudc thai trén nguyén 1y two-film.
Hi¢u qua xur ly amoni ctia phuong phép stripping hoan toan khong phu thudc vao
ndng do dau vao ma cha yéu s& phu thudc nhiéu hon vao tinh chit thuy dong luc cia
hai pha, céac diéu kién van hanh va tinh chét vat 1y (Nhiét do, ap suét, ...)cua hé tiép
xtc. Do d6, phuong phap stripping st dung cot tiép xtc 1 phuong an phd bién duoc
céc nha méay ap dung dé tién xir 1y loai bé amoni néng d6 cao trong nudc thai trude

khi 4p dung cac phwong phap di nhic téi trude do.
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Hinh 1.13. So sanh cac phuong phap xir Iy amoni tir trong nudc thai [39]
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1.3. Xu huéng xir Iy nwéce thai két hop thu hdi tai nguyén
1.3.1. Xu hwdng thu hoi amoni tiv nwéc thai

Nuéc thai phat sinh, mdi lo ngai dbi véi sitc khoe con nguoi va nguy co moi
truong thiic ddy cac nd luc trong nghién ctru va trién khai tng dung trong xur 1y nude
thai tir cac hoat dong cong nghiép [43]. Tuy nhién, ning luong va tai nguyén dang ké
nhu dét dai va co sé ha ting phuc vu cho xir Iy nuéc thai dang tré thanh nhing tro ngai.
Hon nita, chét thai thir cip nhu bun thai trong qua trinh xir Iy nudc c6 thé gy 6 nhiém
moi truong. Do d6, cac phuong phap xir Iy dang duoc nghién ciru dé thay doi hudng
tGi su bén viing va tuan hoan trong xtr 1y nudc thai [89, 90]. Pong luc cho xu hudng
nay dén tir gia tri thi truong ngay cang ting cua mot sb thanh phan co sin trong nudc
thai (bao gdbm gia nudc cap, kim loai, chat dinh dudng nhu amoni va niang luong) co
kha nang thu hdi [90, 91]. Quan trong hon, cic cap quan 1y ngay nay nhén thirc rd hon
vé nhu cau tiéu thy it ning luong trong san xuat néi chung va xir Iy nudc thai néi riéng.
Do d6, nuéc thai va cac thanh phan trong nude thai duoc coi 1 ngudn tai nguyén gia

trj c6 thé tai tao [92].

Nito 14 ngudn tai nguyén tai tao c6 tim quan trong 16n ddi véi sy phat trién cua
sinh vat [90]. Theo chu trinh nito, ¢6 rat nhiéu N trong khi quyén nhung sinh vat khong
thé hap thu truc tiép do thiéu nito phan tir c6 kha ning phan tmg. Qua trinh cb dinh nito
sinh hoc thudng duoc thyc hién boi thuc vat dé hap thu N» ¢ dang phan Gng thong qua
enzyme nitrogenase va tia chdp. Sau d6, amoni dugc chuyén hoa thanh nitrit boi cac
vi sinh vat oxy hda amoni, sau d6 dugc chuyén hoa thanh nitrat thong qua céac vi sinh
vat oxy hoa nitrit [93]. Qua trinh ndy duogc goi chung la qua trinh nitrat héa. Nguoc lai,
nito phan ciing duoc tao thanh tir bang cac vi sinh vat thong qua qua trinh khir nitrat.
Amoniac véi nitrit 13 chat nhan dién tir c6 thé bi oxy hoa thanh khi nito théng qua vi
khudn oxy hoa amoni ky khi [94]. Piéu dang chu y 13 lwong amoni ¢6 ngudn gdc tir
qua trinh ¢b dinh dam sinh hoc khong du dé dap tng nhu cdu amoniac cho toan bo cay
tré)ng va thuc vat ty nhién trén trai dat. Do do, mot quy trinh cong nghiép co6 tén Haber-
Bosch duoc ap dung dé san xuat amoniac véi nito phan tir dwoc sir dung lam nguyén
liéu tho dé tao thanh phan bon. Phuong trinh mé ta quy trinh Haber-Bosch thé nay duoc
trinh bay trong biéu thtrc (1.10):

N, + 3H, —» 2NH, (1.10)
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Hinh 1.14. Chu trinh nito hién nay trong tu nhién va hoat dong cong nghi¢p [95]

Dan s toan ciu ngay cang ting doi hoi san lwong phan bon phai ting tuong
g, udc tinh can toc do tang trudng hang nam khoang 1,8% dé dam bao an ninh
lwong thuc [96]. Nhu cau nay chil yéu duge dap ing béi quy trinh cong nghiép Haber-
Bosch, quy trinh san Xudt amoniac dang dugc tan dung triét dé nham chuyén hoa N>
tu nhién thanh NHs. Tuy nhién, sy lam dung nay c6 thé gy mét can bang va lam gian
doan chu trinh nito tu nhién, gy ra rui ro cho méi truong va stc khde con ngudi [97,
98]. Heffer va Prud'homme (2014) da du doadn san lugng phan bon toan cau dat 199,4
triéu tan vao nam 2018, ham ¥ ngudn cung amoniac ting 1,5% hang nim [99]. Hon
nita, quy trinh Haber-Bosch ciing tiéu ton nhiéu ning lugng, khoang 1-2% ngudn
cung ning lugng toan cau hang nim [95]. N6 ciing tao ra lugng khi nha kinh dang
ké, anh huong x4u dén strc khoe con ngudi va méi trudng. Vi vy, viée phat trién cac

phuong phap tai tao, bén viing dé san xuat amoniac 14 rat quan trong.

Phén bén gbc amoni xdm nhép vao mdi trudng nude théng qua dong chay, va
cac hop chét nito duoc con nguoi va dong vat ti€u thu sé tdn tai trong cac vung nudc
dudi dang nuéc thai va phan. Cac hop chat nay chu yéu ton tai dudi dang ion amoni
trong nude thai va gy 6 nhiém va suy giam chit luong méi truong théng qua hién
tugng pha dudng [100]. Cac phuwong phap xt 1y sinh hoc truyén thong dua vao qua

trinh nitrat hoa va khir nitrat &é chuyén d6i amoni thanh khi N». Trong pham vi xtr 1y
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nude thai, nong do amoni cao con gay anh hudng dén su 6n dinh va hiéu qua cia qua
trinh xtr 1y sinh hoc hiéu khi trong hé théng [101, 102]. Tuy nhién, qu4 trinh nay tiéu
tdn nhiéu nang luong, trong do viéc suc khi dé nitrat hda chiém khoang 50% téng nang
luong tiéu thu va 60% chi phi van hanh trong xr Iy nudc thai, chua ké dén tiéu tén hoa
chat [96, 103]. Hon nita, khi N, sau khi bay vao khi quyén s& rat kho dé chuyén déi vé

dang nito dé phéan trng dé cac vi sinh vat va thuc vat c6 thé sit dung [104].

Mit khéac, nhu cau cho phan bén nito 14 rat cao do nhu ciu san xuat thuc phim
toan cau ngdy cang ting véi khoang 50% nhu cau thyc pham phu thudc vao ngudn
nito cong nghiép hién nay [105, 106]. V4i quy trinh Haber-Bosch, phai tiéu tén
khoang 12,1 kWh dién, 0,6 kg khi ty nhién va thai ra 1,87 kg CO» dé san xuét duoc
1 kg amoniac (NH3-N) [107]. Do dd, trong xtr Iy nude thai néi chung va amoni néi
riéng, xu hudng trén thé gidi da dan chuyén dich tir “loai bo chat 6 nhiém” sang “thu
hdi chat dinh dudng” tir nudc thai [45]. Cu thé, v6i cha treong “phat trién bén vimng”
va “kinh té tudn hoan”, nhiéu nghién ciru da c6 cach tiép can bén viing hon trong xur
Iy nuédc thai, cu thé 1a thu hdi cac chat 6 nhiém nito hoat tinh (NH4*, NO5") trong nudc
thai dé thu hoi phan dam 1am phan bon.

1.3.2. Khd nang thu héi amoni tiv nwéc théi bang phwong phdp stripping

Trén thuc té, k¥ thuat stripping c6 thé thu hdi hon 90% amoni tir ngudn nudc
thai 6 nhiém dam dic (>1000mg/L) nhu nudc ri ric va nude thai chin nuoi [45]. K§
thuat stripping dé thu hdi amoni phu thudc vao diéu kién pH c6 tinh kiém cua nudce thai
(16n hon 9,25). Trong méi truong kiém, ion NH4" ¢6 thé dich chuyén sang dang phan
tir khi NH;. Theo thuyét two-film theory, trong toan bd qua trinh chuyén khdi, cac phan
tir NH; s& khuéch tan tir pha long sang ranh giéi giao thoa 1ong — khi va sau dé chuyén
dich hoan toan sang pha khi. Trong quy mé thuc té, quy trinh stripping amoni duoc
tién hanh trong mot cot tiép xuc, sau do pha khi chira NH3 dugc dua dén mot thap dap
axit ma tai d6 thanh phan dam dugc thu hdi dudi dang mudi amoni sunphat (NH4)2SO4
[108]. Ca hai dang dung dich va tinh thé ctia mudi nay déu duoc coi 1a phan bon khoang
st dung trong nong nghi¢p [109]. So véi cac cong nghé sinh hoc nhu SHARON va
ANAMMOX, k§ thuat stripping — dap axit van cho thay kha ning canh tranh vé chi
phi do kha nang thu hdi amoni sunphat tao lgi nhuan bu dép cho chi phi van hanh. Cu

thé, theo udc tinh cua Tian va cong su (2019), theo gia tri tai thi truong Trung Quéc,
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loi nhuan thu vé véi riéng (NH4)2SO4 tir nue théi sinh hoat 1a 4,41 USD/m? va clng
v6i 1oi nhuén thu vé tir két tia struvite tao ra 2,45 USD/m? 1gi nhudn sau khi trir di chi
phi van hanh [110]. Hon nita, k¥ thuét stripping ciing 6n dinh va d& kiém soat hon céc

qua trinh sinh hoc trong hé thdng xir 1y nudc thai [78].

Vé két qua nghién ctru, mot sé nha khoa hoc trén thé gi6i ciing di cong bd
nhiéu két qua thu hdi amoni sir dung k¥ thuét stripping va hap thu. P c6 nhiéu nghién
ctru thir nghiém quy trinh stripping bang cac module stripping tiép dién [111, 112].
Guo va cong (2010) ghi nhan hiéu suét stripping amoni dat 96,6% sau 18 gid' luu
nuéc tai pH = 11 [111], nhinh hon két qua ctia Nurisepehr va cong sy (2012) & pH
10,5 (79%) du & cung quy mé [112]. O quy mo pilot, d3 ¢ nhiéu nghién ctru khao
sat mé rong thém cong doan hap thu thu hdi amoni. Ferraz va cong sy (2014) da thir
nghiém thu hdi amoni bang ki thuat stripping-hap thu bang cot tiép xtic quy mé pilot
(d = 0,15m, H = 2,24m) va binh scrubber axit [113]. Ké qua cho thiy sau 72h
stripping, hiéu suat xur 1y va thu hoi amoni dat lan luot 12 88% va 80% véi nong do
ban dau 13 1980 mg/L. Tang luu luong gi6 tir 1600 L/h 1én 2400 L/h ¢6 thé rt ngan
thoi gian dat 99% hiéu qua xir 1y xuéng con 24h. Tuy nhién, tac gia cho rang luu

luong khong khi qua 16m khong phit hop dé thu hdi amoni bang hé hap thu hién hiru.

Vi ddi twong nudc ri rac chira 2000 mg/L amoni, Santos va cong su (2020)
ghi nhan hiéu xuat xtr Iy amoni trung binh dat 98% véi thoi gian stripping tir 4 d¢én 9
ngdy, va hiéu suat thu hoi dat t6i da 92% bang axit H>SO4 0,24 M véi ti 18 luu lugng
khi trén luu luong nude (Qa/QL) bing 45 khi dung hé thong stripping-hap thu voi
thiét bi c6 kich thudc twong tu [114].
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a | Khi chira amoniac
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Hinh 1.15. So d6 thi nghiém xu 1y va thu hdi amoni st dung thap stripping va
hap thu [113]
Chu thich: (1): Thép stripping, (2-3): binh hip thy, (4): bom nudc thai, (5): may thdi
khi, (a-c): diém lay miu

Tuy nhién, nhuoc diém cta thap stripping di duoc xac dinh do kich thudc cua
céc hé thiét bi du chi & muc pilot nhung chiém rat nhiéu khong gian (1,8 — 2,2 m
chiéu cao). Trén thuc té, cac hé thong thap tiép xuc cho quy trinh stripping c6 thé 1én
dén 6-8 m cho quy mé thuc té, din dén ton dién tich va chi phi du tu cao. Hon thé
nita, thoi gian luu nude dé tat hidu suat xir Iy amoni cao (>90%) thudng kéo dai toi
thiéu tir 12h cho dén mot ngay ciing 13 tré ngai dé k¥ thuat stripping — hap thu duoc
ung dung mot cach hi¢u qua.

1.3.3. Nhwoe diém ciia siv dung thdp stripping truyén théng

Nhing nhuoc diém ctia qua trinh stripping truyén théng dén tir chinh két cdu cua
cot tiép xtic str dung trong qua trinh nay. Déi véi cac qua trinh hoa Iy st dung trong xtr
1y moi truong, thiét bi cot tiép xic (packed column) da khong con xa la khi nd ¢am nhiém

vai tro cai thién ti€p xuc gitra cac pha khac nhau cua vat chat trong cac phan img hoa
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hoc, quy trinh ngung tu chung cét, scrubber dap uét, hap thy khi thai, hay stripping. Cot
tiép xuc thuong co cau tao dang hinh tru rdng co trang bi 16p dém bén trong véi d6 xp
va dién tich bé mit 16n nhu cac vong raschig, b6 so1 thép, bo soi teflon, hay tham chi la
cac 1op hat xuic tac va cac vat liéu hfip phu nhu céc tAm zeolite, hat than hoat tinh,. ..
Trong tmg dung cong nghiép, img dung cta cot tiép xic hudng tdi cac qua trinh chuyén
khdi vat 1y nhu phan tach, hap thy, stripping, va chung cat. Stripping 1a k¥ thuat xir 1y
nude nham tach cac chét gy 6 nhiém c6 kha ning hoa hoi trong nudc thai théng qua
qua trinh chuyén khéi cua chat 6 nhiém tir pha long sang pha khi bang cach cho dong
khi ty nhién va nudc thai tiép xic nguoc dong hodc giao nhau. Hiéu qua ciia qua trinh
chuyén khéi pha long sang khi s& cha yéu phu thudc vao thé tich 16p dém cua cot tiép
xuc va ti 1€ luu luong gitra pha khi va pha 16ng. Khi pha long va pha khi giao thoa trong
16p dém, dién tich va thoi gian tiép xtc clia hai pha ran va pha khi s& dugc gia ting nhd
chét long chay bam trén bé mit vat liéu dém. Hiéu qua chuyén khdi con duge cai thién
néu ti 1& luu luong duoc thay doi tuy thudc véi qua trinh, cy thé 14 hiéu qua stripping s&

cang cao néu ti 18 luu lwong khi/long (Qa/Qr) cang 16n.

Bén canh cac uu diém noi trén, mot vai nhuge diém cua thap stripping da
gi6i han kha nang ng dung ki thuat ndy vao quy mé thuc té. Hiéu qua stripping
phu thudc vao thé tich dém va ti 16 Qc/Qr dan dén thiét bi thuc té phai c6 kich thudc
twong ddi 16n dé kéo dai thoi gian luu chat 1ong trong phan dém dan tdi chi phi dau

tu ban dau cao [87].
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Hinh 1.16. Nguyén 1y va han ché do phu thudc vao trong luc cta thap stripping

Khi van hanh ¢ ti 16 Qa/QL 16n, luu lwgng khi qua 16n so voi luu lugng chit
1ong s& gy hién tuong tic dong chit 1ong (Hinh 1.16) gy kho khin trong van hanh
va bao tri. Trong nghién ctru xt 1y amoni tr nude thai ri rac vai cot tiép xtic quy mo
pilot cua tac gia Santos va cong sy (2020), tuy kich thudc thiét bi twong d6i 1on véi
chiéu cao 1,95 m va dudng kinh c6t 0,150 m, phai can tdi thoi gian luu nudc thai tix
4-9 ngay dudi dang tuan hoan dé dat 98% hiéu suat xir Iy amoni [88]. Dé cai thién ti
16 Qa/QL ma khoéng gy tic nghén trong qua trinh stripping, viéc kéo dai thoi gian
tuan hoan nudc thai tir vai tiéng cho tdi vai ngay 1 can thiét dé dam bao hiéu qua xir
Iy va 6n dinh trong van hanh cot tiép xuc cho qua trinh stripping. Do d6, viéc tim ra
giai phap nham khic phuc nhiing nhuoc diém cia thap stripping hodc thay thé bang
thiét bi tdi vu hon 13 chia khoa quan trong dé giai quyét van dé kho khan trong xir 1y

va thu hoi amoni nong dg cao tir nude thai.
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1.4. K¥ thuit tiép xiic ly tAm va cac ving dung dé ting cwong truyén khéi trong
thuye tién
1.4.1. Lich sir hinh thanh va nguyén Iy ciia ky thugt tiép xic ly tim

Pong lyc thuc day khac phuc nhuogc diém ciia thap hap thu hay thap stripping
truyén thong da dan t&i nhitng nghién ctru tiép can khai thac trudng trong luc cao dé
ting cudng qua trinh truyén khéi khi — 16ng. Mic du di duge mot sé nghién ciru dé
cap t6i nguyén 1y nay tir dau thé ky 20, t6i 1981, gidi khoa hoc méi thay duogc sy kha
thi ciia nguyén 1y tiép xtc ly tim khi Ramshaw va Mallinson 1an dau ding ky sang

ché cho hé thiét bi tiép xuc co6 dém quay vao nam 1981 [115].

T do toi nay, da cé rat nhiéu dang thiét bi duoc cai tién va phat trién dua trén
mau sang ché ban dau, nhung thuong dugc goi v6i tén chung phd bién 1a thiét bi tiép
xuc HiGee (High Gravity) hodc RPB (Rotating packed bed) [116]. Céc thiét bi dang
nay tan dung nguyén 1y lyc ly tim dé tao ra trudong trong luc cao (High Gravity) trong
qua trinh tiép xuc, co thé tao ra truong trong luc rat 1on (100 — 1000 lan trong luc trai
dat) nho lyc ly tAm gitp cai thién qué trinh truyén khéi va luu luong xir 1y 1én dang
ké, cho phép giam kich thudc thiét bi dén 10 1an so véi cac cot dém thong thudong ma
van dat hiéu sudt qua trinh twong duong. Nhitng vu diém nay duoc cho 12 nhd vao hé
sb truyén khdi theo thé tich cao hon va toc do truyén dong luong, truyén nhiét duoc
tang cuong, do su hinh thanh mang 16ng mong hon va cac giot nho hon, dan dén dién
tich bé mat 16n hon va hiéu sudt vi tron (micromixing) dugc cai thién so vl thiét bi
giudng dém thong thuong [117]. Piu nay ciing cho phép sir dung vat liéu dém c6
dién tich bé mit riéng rat cao. Ngoai ra, truong trong luc cao gitip ndi 1ong gidi han

diém ngap, cho phép van hanh ¢ toc do khi cao hon.

Ban chat ciia cac thiét bi HiGee 1a thay thé trong luc trai dat bang luc ly tim
cao, duogc tao ra nho viéc quay mot giwong dém hinh try cliing. CAu tao chinh cua
thiét bi HiGee gém c6 phan dém xoay hinh try va phan vo. Phan dém xoay chira vat
lidu twong tu & cot nhdi nhu vong raschig. Pha khi s& duoc dwa qua van khi vao trong
phan vo rdi xuyén qua phan dém xoay, tai ddy sé tiép xac nguoc dong voi pha long
va thoat & van khi ra (Hinh 1.12). Pha léng s& duoc dua vao thiét bi qua van phia trén
thiét bi va duoc phan phdi déu vao bén trong phan dém qua cac 16 nhod ¢ cubi dng.

Phan dém xoay s& dugc ndi voi mdt truc réto, khi van hanh s€ quay ¢ toc do tir 300
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tGi 1800 rpm (vOong/phut) tao ra mot gia toc 1i tim bén trong dém 16n gap 100 t6i
1000 lan gia tbe trong luc [116]. V&i diéu kién luc 1i tim 16n, hiéu qua truyén khdi
duogc gia ting dang ké ma khong cin t6i kich thudc thiét bi 16n nho kha niang hoat

dong 6 ti 16 Qo/QrL ma khong gip rui ro tic nghén dong chit long [118].

| Pha long
l vao
Lo phan 1
Chan chay phoi pha Vo
tran long 1
.A. <— Pha khi
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Pha *
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Hinh 1.17. Co ché hoat dong cua thiét bi RPB [116]

1.4.2. Mgt 56 dic tinh thiy lwc ciia qud trinh truyén khéi tiép xic ly tim

a, Ton thit ap sudt

Trong thiét ké cua thap tiép xtc truyén thdng, van tc khi t6i da cho phép dugc
xéac dinh boi duong kinh cot cua cot. Khi vuot qua téc do khi cho phép, sy ton that
ap suét ting 1én va gay ra luc can 16n d6i vai chat 1ong chay nguoc chiéu va giy ra
tinh trang chay tran, lam anh huéng dén kha ning van hanh va hiéu qua cua thiét bi.
Do d6, su ton that ap suat 1a mot trong nhitng déc tinh thay luc quan trong cua céac

thiét bi tiép xtc khi/long nhu thiét bi HiGee.

Dit liéu ban dau vé sy ton that 4p suat trong hé thiét bi ly tam véi vat liéu dém
Sumimoto (vt li¢u dang bot bién kim loai, 85% niken va 15 crom) da dugc ghi nhan
& cac toc do roto va luu lugng khi khac nhau boi Singh va cong su [119]. Két qua cho
thdy sy giam 4p suat ting lén & mirc luu lugng khi cao hon khi toc d6 vong quay dém
khong ddi. Cu thém tdc d6 réto 500 vong/phit, tai d6 tén thap ap suét ap suét dat cao
nhat khoang 8 kPa tuong (mg v&i luu lugng khi 1,98x10* L/phit, cao hon 8 lan so
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v6i mire luu lugng khi 2,83x103 L/phat (Hinh 1.13). Vé tdc d6 vong quay, ton thap
ap suat dat cuc dai & 500 vong/phut, sau d6 giam manh khi toc d6 quay ting 1én 700

vong/phut.
15
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Hinh 1.18. Anh huéng cia téc d6 roto va luu lugng khong khi dén su ton that ap
suat (Iuu lwong chat 1ong = 0,63 L/s; duong kinh dém = 76,2 cm) [119]

Mot nghién ctru khéc ciing chirng minh su lién hé ctia ton thap 4p suat v6i luu luong
khi va chat 1ong trong thiét bi HiGee. Theo Liu va cong su [120], & toc do quay khong doi
13 870 vong/phit, ton thap ap suat chi yéu phu thude vao toe dd dong khi (Hinh 1.14). Luu

luong chét 1ong ¢ anh huong nho dén thong s nay so véi luu lugng khi.
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Hinh 1.19. Anh huong cia luu lugng khi dén sy ton that 4p suat doi v6i 16p dém tai
thiét bi HiGee [120]
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b, Ciiu hinh chay ciia chit léng

Khi dong chét 16ng tiép xtc v6i roto vat liéu dém, dang dong chay s& duogc thdy
0 ba dang chinh d¢ la: dong chay mang (film flow), dong chay giot (droplet flow) va
dong chay 16 (pore flow) (Hinh 1.15). Déi v6i loai dong chay mang, chét 1ong chay
nhu mot mang mong doc theo bé mit cua vat liéu dém. Dong chay nay duoc gia dinh
nhiéu nhat sir dung trong tinh toan chuyén khdi trong cac nghién ciru. Dong chay giot
duoc hinh thanh & gia tdc ly tim nhat dinh lam cho chit 16ng bi phan tan. Dong chit
long tiép xtic voi vat liéu dém va tao thanh cac giot ban. Ddi véi dong chay 16 rong,
cau hinh chay nay xay ra khi chat long chay vao mot dudng ranh tich ty cac 16 rong

gitra cac khoang trong cua vat li¢u dém.

O

Chay 15 Chay giot Chay mang
(300 — 600 rpm) (600 — 900 rpm) (> 900 rpm)

Bé mat vat liéu dém

C:) Dong chay pha long

Hinh 1.20. Ba loai dong chay ctia chat 16ng ctia thiét bi RPB [117]

Niam 1996, Burns va Ramshaw d3 thir nghiém dé kiém tra dic tinh dong chay cua
chat 16ng bén trong 16p vat liéu dém ¢ céc toc do quay khac nhau [117]. Ho phat hién
ra rang & toc d6 quay thap (300-600 vong/phut), chit 1ong chay thanh cac vong tron
xuyén tdm qua céc 18. Khoang tréng giita cac vong tron c6 luu lugng dong chay tu do
va c6 thé giam dién tich tiép xtic 1én bé mit cta vat liéu Khi tbe d6 quay tiang 1én (600-
900 vong/phut), chat 1ong bi kéo ra khoi cac 16 rdng, tach thanh cac giot nho. Hién
tuong ndy xay ra do giam do luu chat long (liquid hold-up) va ting tic dong 1én dong
chay trong 16 rdng. O tdc d6 quay cao hon 900 vong/phut s& gitp cai thién su phan bd

chat 1ong trong dém dong déu hon.
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¢, Pg lwu chit long

Trong tinh toan thiét ké don vi chuyén khéi, d6 luu chit 1ong (liquid hold-up)
1a dai luong biéu thi thé tich phan chat 16ng dugc giit lai bén trong ving tiép xuc cia
thiét bi chuyén khdi. Noi cach khac, day 1 phan chat 1ong bam hodc luu lai trén bé
mat vat licu tiép xuc (dém, dia, soi kim loai, v.v.) trong khi dong khi di qua dé thuc
hién qua trinh truyén khéi. V& ban chat, dai lwong nay phan dnh mutc d6 uét cia bé
mit tiép xtc va thdi gian lwu cua pha long trong ving truyén khéi. Gid tri ndy anh

hudng truc tiép dén dién tich tiép xuc khi — 16ng hitu hié¢u va hiéu qua truyén khoi.

Do lru chat long 1a tac dong boi nhiéu yéu tb g@)m nhu cau hinh vat liéu dém
(packing configuration) va cac thong s6 van hanh (luu lugng chat 1ong, luu lugng khi
va tdc do quay). Do luu chit 10ng cao ghi nhan & tbc d6 quay cham hon va luu lugng
chat 16ng 16n hon. Khi mirc Iwu chat 1ong qua cao, hoat dong 6n dinh va hiéu qua cia

dém ly tdm s€ b1 anh hudng nghiém trong.

Basic va Dudukovic (1995) d3 sir dung phuong phap do d6 dan dién
(conductivity method) dé xac dinh d6 bdo hoa huéng tam trung binh (<B>) dua trén
1y thuyét dong chay mang (film flow theory) [121]. Két qua cho thay gia tri <B> ting
1én khi luu lugng chat 1ong dau vao cao hon, nhung giam khi tbc d6 quay cua dém
tang 1én (Hinh 1.14). Hon nita, khi luvu luong khi ting t6i gan murc tdi da cho phép,
<p> tang thém 14%. Ngoai ra, vi¢c giam kich thudc vat liéu dém va tang do nhdt cua

chat 16ng ciing lam tang d6 bdo hoa hudng tim, din dén d6 luu chat long 16n hon.
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Hinh 1.21. Uéc tinh lyc luu chat l6ng khac nhau gitra luu lugng chat 16ng (a) va gia
toc ly tam (b) [121]

Niam 2000, Burns va cong sy ciing nghién ciru vé do luu chit 16ng trong thiét
bi HiGee voi dém quay c6 do rong cao (high voidage RPB) [117]. Ho sir dung cac
dau do dat bén trong vat liéu dém, vaéi tin hiéu dién duoc truyén tir rotor dé thu thap
dir li€u. Khac vdi nghién curu cia Basic va Dudukovic, anh hudng cua luu lugng khi
1én dong chay chat 1ong dugc gia dinh 1a khong dang ké. Két qua cho thdy do luu
chat 16ng giam & gia toc ly tim 16n, nhung tang khi luu luong chét 1ong ting, gidng
v6i két qua cua Basic va Dudukovic. Ngoai ra, d luu chit 10ng tang 1én khi d6 nhot
ctia chat 16ng cao hon. Céc tac gia ciing dd dé xuat mot biéu thirc twong quan tong
quat giita mirc giir chat 1ong va cac thong sb thuc nghiém khac tai phurong trinh (1.11):

g, = 0,039 (i)_o'5 (1)0'6 (1)0'22 (1.11)

9o Uo Vo
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trong d6, e 12 d6 luu chat 16ng, g 1a gia tc ly tam, U 1a tbc d6 dong chét 1ong trén
mot don vi dién tich va v 1a d6 nhdt dong hoc. go, Uo va vo 1a gia tri dac trung cua cac

thong sb tuong tng bang 100 m/s2, 1 cm/s va 10 m¥/s.

Su phu thudc cia do luu chét long vao cac tham ) nay mat lan nita dugc mod
ta trong nghién ctru cua Chen va cong su (2004) [122]. Thé tich chét long giir lai
trong bo tiép xtic duge xac dinh bang cach do luong chit 10ng con lai sau khi ngirng
cAp dong long. Két qua nghién ctru cho thiy lugng chét long gitt lai ting khi luu
lugng chat 16ng dau vao 16n hon nhung lai giam khi téc d6 quay cua rotor thap hon.
Tuy nhién, su thay d6i cua luu lugng khi lai c6 tic dong khong dang ké dén giir chat
long. Tom lai, tr cac nghién ctru trén, co thé két luan ré“mg do luu chat long phu
thuéc manh vao luu lugng chat 1ong va téc do quay cua rotor, do do6 rat kho xac

dinh chinh x4c thoi gian luu cia chat 16ng bén trong 16p dém.
d, Thoi gian luu thuy luc (hydraulic retention time)

Pbi vai thiét bi dang cot truyén thong, thoi gian luu thuy lyc trong 16p dém la
mot thong sb quan trong quyét dinh hiéu suat truyén khéi giita hai pha. Nam 2000, Guo
va cong su [123] da sir dung phuong phép do do dan dién cua chat danh dau (NaCl)
giita hai ddu do dat tai diém dau va diém cubi cta 16p dém dé xac dinh thoi gian luu
trung binh ctia chat 1ong (Hinh 1.17). Két qua nghién ctru cho thay riang, twong tu nhu
d6 luu chat 1ong, thoi gian luu trung binh cua chat long chil yéu phu thudce vao luu
luong chat 10ng va téc do quay cta dém. Cy thé, thoi gian luu trung binh giam nhe khi
lwu lugng chét 1ong dau vao ting 1én. Ngoai ra, khi toc d6 quay ting tir 400 1én 800
vong/phut, thoi gian luu cta chat 16ng giam mot nira va sau d6 gan nhu khong doi &

toc do tir 800 vong/phut tré 1én [123].
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©o © o e © o9
N w B (¢} o] ~
1 | ] 1 1

o
-
1

0905400 600 800 1000 1200 1400
Toc do quay (rpm)

Hinh 1.22. Thoi gian luu cta chat 1ong so véi toe do quay (G = 0, toc d6 dong chat
long: o 1; 00 1,5; A 2; & 2,5m/ h) [123]
Nam 2017, Xie va cdng sy cling nghién ctru md hinh nay trong thi nghiém thu
h6i CO» trong 16p dém quay bang cach sir dung mé hinh CFD hai chiéu (2D) [124].
Ho d3 str dung phuong trinh dé xac dinh thoi gian luu trung binh, duoc trong phuong
trinh (1.12):

€L
U

t~

(ro — 1) (1.12)

trong d6 1o va ri 1an luot 13 ban kinh ngoai va ban kinh trong cta 16p dém, con
U 12 van tbc bé mit ctia chit long. Khi toe dd quay tang tir 500 rpm 1én 1500 rpm, gia
toc ly tAm cao hon cung v&i van toc huéng tdm cua chat 1ong trong 16p dém da dan

dén thoi gian luu cua chét 1ong ngan hon va dd luu chét 1ong giam di.
e, Piém ngdp (Flooding point)

Trong thiét ké thap stripping va thap hip thu, diém ngap (flooding point) 13 yéu
t6 quan trong vi no quyét dinh gidi han cta luu lwong ctia dong khi va chét long. Khi
ty 1& khi-long vuot qué diém ngap, dong chay ctia chat 1ong bi chin lai boi ap suét khi
qua 16n. Piéu nay 1am cho chat long bi giit lai va tich tu trén bé mit 16p dém, giy ra
hién tugng ngap trong thap. Diéu kién van hanh tdi uu 14 khi thap hoat dong gan diém
ngap nhat co thé dé dat hiéu suit truyén khdi cao nhat ma van tranh duoc tinh trang

ngap chét long.
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Trong thiét bi tiép xuc ly tam, diém ngap co thé duoc xac dinh khi xuat hién
chét 16ng tho4t ra tai 6ng thoat khi trong giai doan van hanh. Khac véi thap tiép xuc
thong thuong, diém ngap trong thiét bi tiép xuc ly tim khong phai do chét long lap
day toan bo cac khe hd ctia 16p dém ma 13 do phan chat 1ong con lai ¢ ving ban kinh
trong bi thdi nguoc 1én béi dong khi cé tde d6 cao. Diéu nay giai thich tai sao trong
thiét bi HiGee, d6 luu chat 1ong (liquid hold-up) luén thap véi mirc ton thap ap suat
khéng 6n dinh nhu trong thap dém truyén thdng [125].

Van dé nay co thé duoc khic phuc nho luc ly tdm manh tao ra trong thap dém
quay. Nghién ctru cia Munjal et al. (1989) da ching minh rang hién tuong ngap c
thé duoc tranh béng cach tang tdc do quay cua dém [126]. Khi do, van tdc chat long
do lyc ly tdm tao ra c6 thé vuot qua ap luc cta dong khi d6i luu nguoc chiéu. Nho
d6, thiét bi HiGee c6 thé hoat dong véi ty 1& khi-1ong 16n hon nhiéu so véi thap dém
thong thudng, gitip nang cao hiéu suit truyén khéi va mé rong pham vi ung dung

trong cong nghiép [126].
1.4.3. Mt sé teng dung ciia thiét bi tiép xiic ly tim
a, Ung dung trong nghién ciru

Vi vai tro cta thiét bi HiGee 1a tang toc do truyén khéi va giam kich thuéc thiét
bi so véi thiét b truyén thong, phan 16n cac nghién ctru tap trung vao kha ning tach
pha khi-16ng cia thiét bi. Pang chu ¥, viéc str dung thiét bi HiGee trong qua stripping

nudc thai va hap thy khi thai cong nghiép 1a nhitng img dung dugc thir nghiém.

Kha nang truyén khi manh mé cia thiét bi HiGee trong qua trinh stripping da
dugce chimg minh thong qua céc nghién ctru vé stripping chat hitu co d& bay hoi
(VOCs) tir nuéc ngam [119, 127], stripping ethanol [120], va stripping NH; [128,
129] va stripping C10, dé khtr trung [130]. Yuan et al. (2016a) di thuc nghiém
stripping amoni tir dung dich amoni tong hop (1000 mg/L) bang thiét bi RPB véi
dong chay lién tuc ¢ nhiét do tir 25 dén 40 °C. Két qua cho thdy RPB c¢6 hiéu suét
chuyén khdi cao hon han (12,3-18,4 h'!) so voi cac thiét bi truyén thé)ng nhu bé suc,
thap stripping va thiét bi khac khac (0,42—1,2 h™"). Tai diéu kién Qr = 0,05 L/phat,
Qa/Qr = 1600 va ® = 1200 rpm, hiéu suét stripping dat 69% & 30 °C va 81% & 40 °C
chi trong 13,3 gidy thoi gian luu. Trong khi d6, cac phuong phap tach amoni truyén

théng voi tudn hoan nude thudng can vai gid dé dat hiéu suat twong ty. Mot nghién
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ctru khac ctia Yuan et al (2016b) cling mét 1an nita thir nghiém stripping amoni tir
dung dich amoni tong hop (1000 mg/L) bang thiét bi RPB & quy mé pi-lot. Két qua
cho thay Kra ting manh nhat khi ting Qg, tiép theo 12 QL va ®. Tuy nhién, du Kra
tang thuong din dén hiéu suét stripping cao hon, viéc ting Qv lai 1am giam hiéu suat
do thoi gian luu thity luc ngdn hon. Cac mé hinh v6 huéng duoc xiy dung trong
nghién ctru mo ta tdt moi quan h¢ gitra hé sb chuyén khdi, hiéu suét va cac thong sb
van hanh, pht hop véi dit liéu thuc nghiém. Dic biét, & quy mé thi diém, thiét bi RPB
dat hiéu suat stripping dat 95% voi hé s6 chuyén khéi dat 0,017-0,027 s va chiéu
cao don vi truyén khodi (HTU) tir 2,2—4,8 cm tir dung dich amoni tong hop, cho thay

tiém nang 16n cia RPB trong xtr Iy dong thai chira ndng do amoni cao.

Pbi v6i xir 1y khi thai, dd c6 nhiéu nghién ctru vé hap thu CO» [131-133] va
hép thu VOCs [134-136]. Nho luc ly tim tao ra tir toc d6 quay cao, dién tich tiép xtc
gitta pha khi va pha léng bén trong 16p dém dugoc m¢é rong dang ké, cai thién hiéu
suat truyén khoi [134]. Theo Lin va cong su (2011), hé s truyén khéi pha khi-long
trung binh (Kga) cua thiét bi dat 1,42 s”!, cao hon so v&i thap hép thu truyén théng
(0,94 s) c6 kich thudc 16n hon rat nhiéu, trong khi kich thudc ciia RPB nho gon hon
dang ké [132]. Ngoai ra, chiéu cao don vi truyén khéi (HTU) trong qua trinh hip thu
CO; dao dong tir 2,4 ~ 4 cm dudi cac diéu kién van hanh khac nhau [133]. i véi
VOCs, nghién ctru ciia Lin va cong su (2006) cho thay hé sb truyén khéi Kga dat tir
81 dén 165 s™! va hiéu suét loai bo isopropyl alcohol 1én dén 95% & luu luong khi tir

150 — 300 m*h [135].

b, Ung dung trong céng nghiép

Cong nghé HiGee (High-Gravity) di dugc Gng dung thanh cong trong nhiéu
linh vuc xtr 1y va san xuat cong nghiép nho kha ning ting cudng truyén khoi, giam
kich thuréc thiét bi va tiét kiém nang luong. Ung dung thuong mai dau tién dugc ghi
nhan tai mo dau Shengli cua Tap doan Hoa dau Trung Qudc, trong qué trinh khir khi
nudc bién, gitip giam ndng dd oxy hoa tan tir 6-12 ppm xudng dudi 50 ppb, thay thé
thap chan khong cao 32 m bang hai thiét bi HiGee duong kinh 1,4 m [137].

Trong linh vuc hoa chat, Dow Chemicals (1999) di thuwong mai héa quy trinh
san xuat axit hypochlorous (HOCI) bang thiét bi HiGee, nang hi¢u suat thu hoi 1én
80%, giam 50% luong khi sir dung va thu nho kich thudc thiét bi t6i 40 1an so véi
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thap phun thong thuong [138, 139]. Cong nghé nay cling duogc ap dung cho xur Iy SO»
tai nha may axit sulfuric Zibo (Trung Qudc), dat nong do khi thai dau ra <300 ppm
va giam déng ké chi phi van hanh [140-142].

Trong nganh dau khi, thiét bi HiGee cho hép thu chon loc H2S béng MDEA tai
nha may loc dau Phuc Kién gitip giam hap thy dong thoi CO: tir 79,9% xudng 8,9%
va giam thé tich thiét bi tir 36 m® xudng con 3,4 m® [146]. Ngoai ra, hé théng khir khi
GasTran (2006) tai PepsiAmericas loai bo hiéu qua oxy hoa tan, ting toc do chiét rot
10-40% [143]. Pén nam 2011, khoang 200 thiét bi HiGee dang dém quay zigzag da
dugc thuong mai hoa cho cac quy trinh chung cat va tach hon hop dung méi khac

nhau [144].

Qua nhiing thong tin tong quan vé cong nghé tiép xuc ly tAm va nhiing tng dung
ctia chiing trong nghién cru va cong nghiép, nhitng wu va nhugce diém cua thiét bi

nay so vé6i thiét bi thap tiép xuc thong thudng duoc trinh bay trong Bang 1.5.

Bdang 1.5. So sanh wu nhuoc diém cua thiét bi tiép xuc ly tim va thap tiép xtc

So sanh Thiét bi tiép xiic ly tim Thap tiép xuc

Uu diém Hiéu suit cao: RPBtaoralucly Thiét ké don gidn: Cau tric va
tam 16n, ting cudng tiép xuc nguyén 1y hoat dong don gian, dé
gitra khi va léng, tir do cai thién ché tao va van hanh.
higu suat truyén khoi. Ung dung rong rii: Thich hop cho
Tiét kiém khong gian: Thiét bi nhiéu qua trinh khac nhau, tir hap
nhd gon hon, tiét kiém dién tich thu, stripping, dén phan ung hoa
so voi1 PC. hoc.

Thoi gian lwu ngéin: RPB c6 thé
xu ly luu lugng 16n véi thoi gian
lwu chat ngin, phu hop cho qua
trinh phan tmg nhanh.

Giam tiéu thu niang luwgng: Du
c¢6 st dung dong co quay, tong
ning luong tiéu thu c6 thé thap

hon do hiéu suat cao hon.
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So sanh Thiét bi tiép xiic ly tim Thap tiép xiic

Nhwoge  Yéu cau k§ thuit ché tao: Thiét Hiéu suat thap: Truyén khoi va
diém bi phirc tap va doi hoi cong nghé nhiét do thap hon so véi RPB, dan
ché tao tién tién hon. dén hiéu suat kém hon.

Cong kénh: Kich thudc 16n, chiém
nhiéu dién tich, khéng phu hop cho
khong gian han ché.

Thoi gian lwu dai: Thuong yéu cau
thoi gian luu chat dai hon dé dat hiéu

qua mong muon.

1.5. Su can thiét ciia nghién ciru Wng dung cong nghé ly tAim trong xir Iy nuwéc

thai giau amoni tai Viét Nam
1.5.1. Tinh hinh nghién ciru va ung dung cong nghé trong xir Iy amoni tai Viét Nam

Trong thoi gian trd lai day, tai Viét Nam cling da c6 nhiéu nghién ctru vé cac
phuong phéap nghién ctru xtr ly amoni trong nude thai. Cac phuong phap xu 1y chu
yéu gém quy trinh sinh hoc, sir dung vat liéu hap phu, két tia struvite va stripping.
Phuong phap sinh hoc (nitrat hoa, nitrit hoa, nitrit ban phan, khir nitrat va anomox)
va sir dung vat lidu hap phu c6 vu diém chi phi van hanh thp va hiéu qua xir 1y on
dinh, tuy nhién khong phi hop véi diéu kién nudc thai 6 nhiém amoni ndng do cao.
Thay vao d6, phuong phap két tia struvite va stripping duoc chu trong hon trong
nghién ctru xir Iy amoni (NH3-N) trong nudc thai chira ndng do cao chat nay nhu
nude ri rac va nudce thai chin nudi do ndng d6 amoni trong hai loai nude thai nay rat
cao [145, 146]. Do d6, muc dich ap dung k¥ thuat stripping chu yéu 1 dé giam nong
d6 amoni xudng ngudng an toan, tranh gay rc ché vi sinh tai quy trinh xt 1y sinh hoc
hodc hap thu tiép theo [101, 102]. Kha ning thu hoi amoni khi img dung cac phuong
phap nay tuy nhién méi chi ding lai & s6 liéu trong két qua nghién ctru trong vai nim
tro lai day.

Viéc xtr Iy va thu hdi amoni bang phuong phap két tua struvite di duoc tac gia
Tran Dang Khoa va cong sy (2021) thir nghiém ddi v6i nude thai nha may phan bon

& quy mod phong thi nghiém [147]. O quy mé binh phan @mg 500 mL véi 200 mL
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nudc thai, nhom nghién ctiru da ghi nhén hiéu sult xur 1y amoni thu hdi struvite dat
95,2 + 3,1% sau 90 phut phan trng ¢ pH 8,3, nhi¢t do 30 °C va ti I¢ Mg:P 1a 1:1. Tuy
nhién, can luu y rang hiéu suat xur Iy nay duoc tinh theo ham lugng P ¢6 trong nudc
thai chtr khong tinh theo ham Iugng N, do tac gia da trinh bay ti 1€ N:P cua nudc thai
thue té (8:1) 16n hon rat nhiéu so véi ti 16 dugc khuyén nghi cho struvite (1:1 — 1:1,8).
Cu thé & day, thuc té hiéu qua trong thi nghiém trén chi dat gﬁn 12% ddi véi xtr ly
amoni. Van d& nay c6 thé cai thién bang viéc giam ti 16 N:P cua nudc thai tro vé

ngudng to1 uu dé dat hiéu hi¢u qua xur Iy amoni dugc cai thién.

Trong nghién ciru gan day cua nhom tac gia Vo Chi Cong va cong sy (2023),
ti 1€ N:P trong nudc thai san xuit mu latex dd duoc hiéu chinh sy bd sung hoa chét
KH2POs4 [148]. O quy md mé 250 mL nudc thai v6i dicu kién Mg:N:P = 1,4:1:1 va
100 phat phan tng, hiéu suat thu hoi dong thoi NH4" va PO4> dat 1an lugt 68,2% va
76,9% & dang két tia struvite. Tuy nhién, viéc bd sung hoa chit MgCla va KH,PO4
dé diéu chinh ti 1¢ mol t6i wu 1a kha 16n do diéu kién nudc thai dau vao chira nong do
NH4* (616 mg/L tuwong duong 36,2 mM) cao hon so voi PO4* (146 mg/L tuong
duong 1,52 mM). Do d6, mot phuong an t6i wu hon d6 1a tién xir Iy lwong amoni
chénh 1éch xudng ngudng ti 18 thich hop cho struvite. Stripping 1a phuong phap tién

xtr Iy amoni hiéu suat cao cling da dugc nghién ctru kha pho bién gan day.

Tac gia Tran Tién Khoi va cong su (2021) da nghién ciru anh hudng cia cac
thong s6 van hanh cot stripping trong xir I amoni tir nudc ri rac [149]. Vi quy méd
thiét bi cot tiép xuc pilot (D =0,09m, H = 1,8m), hi€¢u qua xu ly amoni tir nudc ri rac
v6i ndng do dau vao 3080 mg/L c6 thé dat t6i 57,6% sau mot vong stripping, va cd
thé dat toi 99% sau ba gid tuan hoan cac vong stripping tiép theo. Mic du dat hiéu
qua tuong dbi cao nhung kich thudc thiét bi tuy chi méi dimg lai & quy mé pilot
nhung da rat 16n. Hon nita, viéc thu hdi NH3 ¢ pha khi van chua dugc khao sat trong
nghién clru nay.

Trén thyc té, k¥ thuat stripping dd khong con méi va di duoc lya chon tng
dung rat nhiéu trong quy mo thuc té tai Viét Nam, dic biét 1a trong xu Iy nudc ri rac.
Cong ty TNHH Dai Phti Thinh d3 thanh cong dua vao xay lip va van hanh nha may
xir Iy nude ri rac tap trung cong suat 520 m3/ngay [150]. Cac cong doan xir 1y dugc

mo ta trong Hinh 1.23.
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Nudc ri rac

Song chan rac

Lam thoang

Nang pH ' Xirly bac 1

2 thap stripping

Xt Iy sinh hoc Xt ly bac 2
i Fenton i Xt I bc 3

HO sinh hoc

Hinh 1.23. Quy trinh xt 1y nudc ri rac cia cong ty Pai Phu Thinh [150]

Trong d6, amoni trong nudc thai ri rac s& dugc loai bé chi yéu & cac budce lam
thoang & xur ly bac 1 va stripping ¢ xt 1y bac 2. Tai budc lam thoang, nudc thai sau
khi duge loai bo chét rén va nang pH s& duoc bom suc khi lam thoang dé loai bo mot
phan NH;-N. Tiép d6, trude khi vao xtr 1y sinh hoc, nuée thai sau lam thoang ciing
duoc nang pH bang NaOH va dwa vao 2 thap stripping ndi tiép dé xur 1y ndt phan 16n
NH;-N dé ¢am bao cho qua trinh xtr I sinh hoc dién ra thuan loi. Nhu d3 néi ¢ trén,
cong doan stripping str dung cot tiép xuc thuong duoc sir dung trong quy trinh tién
xtr Iy amoni néng d6 cao bai vu diém khong tiéu thu nhiéu hod chét bo trg véi hiéu
qua tuong ddi tot. Tuy nhién dé dat hiéu qua cao va dap tng du cho cong suit 1om,
yéu cau cho kich thudc ciing s& rat 16n hodc phai ¢6 nhiéu hon mot thap stripping van
hanh ndi tiép dan téi chi phi dau tur ban dau s& gay khé khin cho giai doan xay dung
va dau tu ban ddu. Ngoai ra, viéc kiém soat thanh phan NH; sau qua trinh stripping
van chua duogc cha trong tai cac co s tai Viét Nam. biéu nay dan dén hai hé qua toi
moi truong: (1) 1a 6 nhiém thir cAp khi NH; vao khong khi va (2) gdy that thoat, lang
phi thanh phan Nito vao khong khi trong khi ddy dugc coi 1a nguyén liéu chu yéu ciia

san xuat phan dam hoa hoc.
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1.5.2. Tinh hinh nghién civu trong nwdc vé ky thudt tiép xic ly tam
Cong nghé tiép xtic ly tim hién van con 13 chta d& méi, hiu nhu chua cé nghién
ctru ndo tiép can tdi cong nghé nay. Vién Khoa hoc cong nghé Nang luong va Moi
truong da budce dau tiép can cong nghé nay va da co kinh nghiém tmg dung nhét dinh
vao ting cudng qué trinh, cu thé 14 k¥ thuat tiép xuc ly tAm trong cac cong doan 1am

sach khi biogas va xtr ly amoni trong nudc thai.

Niam 2018, nhém nghién ctru ciia PGS. TS. DS Vin Manh di 1an dau ing dung
thanh céng thiét bj hap thu li tim HGRPB trong cong doan 1am sach khi biogas (hap
thu H>S, CO» va CO) tir qua trinh phan huy ky khi bun thai tir hé théng xir 1y nude
thai nham dao bao chit lwong khi biogas cho qua trinh phat dién (Hinh 1.19).

IR A\

E

- ‘@

Hinh 1.24. Thiét bi HGRPB trong md hh xtr ly bun thai nha may bai Sai Gon tai
bak Lak [151]

Cu thé, thiét bi hap thu li tam da dugc str dung dé hap thu khi HaS, CO, va CO
st dung dung dich KOH duéi nhiéu diéu kién van hanh: néng dd cia dung dich KOH,
tdc d6 quay cua thiét bi, luu luong khi biogas, ti 18 luu lugng khi biogas va luu lugng
dung dich hap thu [151]. Nhém nghién ctru di tim duoc diéu kién van hanh téi vu

nhu dudi day va thu dugc hi¢u qua 1am sach khi nhu trinh bay trong Bang 1.6.

Nong d6 dung dich hap thy KOH = 0,01 M.

Ti 1é giita lwong khi (Qg) va luong dung dich hap thu (Qr): Qa/Qr= 29.
Téc d6 quay cua thiét bi HGRPB = 1200 vong/phut.

Luu lugng khi: Qg = 2,5 L/phat.
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Bdng 1.6. Hiéu qua lam sach khi biogas cua thiét bi HGRPB [151]

Thanh  phan Két qua Tiéu chuin ding ky
khi biogas Trude lam sach Sau lam sach (theo Chéau Au)
CHz (%) 552 +2,1 85,1 +1,1 > 85

CO2 (%) 39,4+2.4 6,0+ 0,3 -

H>S (ppm) 2471,7 £333,6 46,5 + 3,6 <50

CO (%) 3,10 + 0,80 2,0+0,1 <2,0

Niam 2022, tir nhitng két qua thu dugc trén, nhém nghién ctru ciia tac gia Trinh
Vin Tuyén ciing da thiét ké va ché tao thanh cong thiét bi phan Gmg hiéu ning cao
dang quay HP2R (High Performance Rotating Reactor) quy mo pilot phuc vu khao
sat qua trinh stripping xt 1y nudc thai tai Viét Nam (Hinh 1.20). Pay sé& 1a thiét bi

chinh duoc sir dung trong dé tai nghién ctru nay.
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Hinh 1.25. Thiét bi HP2R tai Vién KHCN Nang lugng va Moi truong
1.5.3. Tiéu két chwong I: Sw can thiét phdi trién khai nghién ciru

Nim 2022, Nha nude d3 ban hanh mot s6 dinh hudng 16n hudng téi Chién
luge bao vé moi trudng hudng ti tang trudng xanh va kinh té tuan hoan. Quyét dinh
s6 450/QD-TTg ngay 13/04/2022 ctia Thu tudng chinh phu “Vé viée phé duyét Chién
luge bao vé mdi truong qudc gia dén nam 2030, tim nhin dén nim 2050 da néu rd
viéc Phat trién ha ting k¥ thudt vé& xt Iy nudc thai, tai sir dung, tai ché va xur 1y chat
thai ran hiéu qua. Chinh phi ciing da phé duyét Nghi Dinh 08/2022/ND-CP ngay
10/01/2022 nham huéng din thi hanh mot s diéu Luat bao vé moi truong 2022 va
néu 1 co ché khuyén khich phat trién kinh té tuan hoan. Trong d6, mot trong nhimng

tiéu chi quan trong do6 1a tang hi¢u qua sir dung tai nguyén, kéo dai thoi gian st dung
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vat lidu, tai ché chét thai, va han ché chat thai phat sinh va giam thiéu tic dong xau
dén moi trudng. Viée thu hoi va tai sir dung tai nguyén thién nhién 13 diém mau chét
dan dén giam tiéu thy nhién liéu tho, giam chat thai va ning cao hiéu qua sir dung
ning luong. Day 1a 1i do tai sao khai niém kinh té tudn hoan c6 thé duoc ap dung
trong bat ky hoat dong cong nghiép nao, bao gdm ca linh vuc xtr Iy nudce thai. Chwong
trinh Nghi su 2030 vi su phat trién bén vimg cta Lién hop qudc di thiét 1ap Muc tiéu
phat trién bén viing cu thé dé dam bao su sin ¢ va quan 1y bén virg nude va vé sinh
cho tat ca moi nguoi. Cac hé thong xir Iy nude thai ngoai viée loai bo cacbon hitu co,
cac chat dinh dudng con thu hoi cac san phém c6 gia tri. Mac du viéc loai bo cac chét
dinh dudng chinh (cacbon, nito, phét pho) 1 can thiét dé bao vé méi truong, nhung
diéu nay chi c6 thé thyuc hién dugc thong qua cac quy trinh st dung nhiéu ning lugng,
hoa chét, chi phi tai cac hé thong xir Iy nudc thai. Pay dugc coi 1a mot xu hudng
khong bén virng khi xét dén sy gia ting dan s toan cau va qua trinh d6 thi hoa nhanh
chong. Viéc nay dit ra cac hudng di trong xir 1y nude thai gan vai kinh té tuan hoan,
hai hudng di ndy c6 thé ké dén (i) d6i méi va tich hop cac hé théng xur Iy nudc thai
tiét kiém niang luong va tai nguyén, dong thoi (ii) ting cudng thu hoi thanh phan dinh
dudng dau ra trong qua trinh xtr 1y lam nguyén liéu dau vao cho cic qua trinh san
xudt va xir Iy khac. Chinh vi vay, viéc két hop hai dinh huéng trén mang lai tinh hiéu

qua trong xir 1y, tiét kiém ning luong va tai nguyén.

Nhu di phén tich ¢ trén, ¢6 rit nhiéu cong nghé da chirg minh duoc hiéu qua
xtr Iy amoni trong nudc thai. Tuy nhién, d6i véi thanh phan nude thai nong d6 amoni
cao (trén 1000 mg/L), ngoai trir phuwong phép stripping, cac phuong phap con lai déu
khong phi hop do yéu cau néng d6 amoni dau vao dudi 200 mg/L. Dbi v6i quy trinh
xu 1y sinh hoc, nff)ng do amoni cao s¢ anh hudng dén ti 16 C/N dan tdi (e ché qua
trinh sinh hoc. Tai lugng amoni cao ciing 1am ting tin suat thay doi vat liéu hap phy,
trao d6i ion d6i véi hap phu hodc yéu cau luong hoa chét 16n véi qué trinh keo tu hoa
hoc, din téi mat tinh kha thi vé mat chi phi v6i hai phuong phap nay. Twong ty nhu
vay, phuong phap mang loc ciing s& yéu cau sé luong module 16n dong thoi dong
dam dac tur néng dd amoni cao cling s€ la van dé 16n dan tGi kho khan trong van hanh
va chi phi dbi voi tai lugng amoni cao. Tém lai, néng do amoni n@)ng dd qua cao la
nhugc diém ¢ hiru can tré kha nang ung dung va van hanh hiéu qua cia ca phuong

phép xtr ly trén.
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Vi tinh hinh trong nudc hién nay, nganh chian nudi déng vai tro rat quan trong
trong viéc déng gop su ting trudng toan nganh nong nghiép. Cung véi su phat trién
manh mé& cua nganh chin nudi, luong chat thai ran va nudc thai tir hoat dong nay
cling ting 1én dang ké, tao nén ap luc rat 16n vé bao vé moi truong song song véi phat
trién san xuat. Trong cac ngudn phat thai tir chin nuéi, nudce thai duoc biét 1a ngudn
6 nhiém kho xir 1y nhat do ¢ chira nhiéu chat 6 nhiém hitu co, dinh dudng, dic biét
12 amoni. Mic du hau hét cac co sé da trang bi cac hé théng biogas dé thu gom chét
thai, tach 1ong ran va xur 1y so bo thanh phan 6 nhiém hitu co trong nudc thai chin
nudi. Tuy nhién, cac thanh phan 6 nhiém nhu TSS, COD va dic biét 1a amoni van
duy tri & ngudng vuot tiéu chuan xa thai. Kho khin & day 1 ndng d6 amoni luén duy
tri & mirc cao, dan dén ti 1é C/N ctia nudc thai rat thap dan dén giam hiéu qua cho cac
cong doan sinh hoc hiéu khi va thiéu khi thong thuong [152]. Ngudn amoni nay khong
dugc xu ly triét dé sé& 1a sy that thoat mot luong 16n nguén dinh dudng dam trong
nudc thai, dong thoi gay nén hién tuong phu dudng gy tac dong tidu cuc dén hé sinh
thai va canh quan moi truong nude mat. Do do, viéc xur Iy amoni trong nudce thai chan
nudi van luén 1a diéu kho khan cho cac cha dau tu va cac giai phap nang cao hiéu qua
cho viéc tién xtr Iy thanh phan amoni trong nudc thai van ludn duoc cha trong nghién
ctru. Pi voi nude ri réc, da co nhiéu nghién ciru hudng toi xir 1y loai bo amoni trong
nude ri rac, nhung cac nghién ctru nay chi dimng lai & quy mé thir nghiém va chii yéu
1a cac quy trinh két tia hoa hoc. Do d6, chi phi cho hod chét bo trg néu xir Iy & quy
mo thuc té s& twong ddi dang ké, chua tinh dén viéc xtr 1y bun sau d6. Hién nay céc
quy trinh xt 1y nudc ri rac & quy mé thuc té van sir dung thap stripping dé loai bo
amoni ndng d6 cao. Tuy nhién, dat hiéu qua cao va dap ing da cho cong suit 16n yéu
cau kich thudc thiét bi ciing s& rat 16n hodc phai co nhiéu hon mét thap stripping van
hanh ndi tiép dan toi chi phi dau tur ban dau s& gay khé khin cho giai doan xay dung

va dau tu ban dau.

Tir nhitng wu diém trong tng dung xt 1y nude thai cua nguyén 1y HiGee thong
qua nghién ciru & cac qudc gia phat trién, ciing nhu cac kho khan va ton tai trong viéc
xu Iy amoni néng dd cao trong nudc thai ri rac tai nudce ta, viéc thir nghiém Umg dung
thiét bi HP2R cho qua trinh stripping amoni thay thé cho thiét bi cot nhoi truyén thong
khong nhitng gitp khic phuc cac nhuge diém khi st dung thap stripping nhu giam

tai, thu nho kich thudc thiét bi, rat gon thoi gian luwu, ting cong suat xir 1y, giam chi
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phi dau tu thiét bi, ma con 1 nghién ctru tién dé cho viéc nghién ctru tmg dung thiét

bj HP2R noi chung va dé xir Iy amoni va cac chat thai hoa hoi khac trong nuée thai.

Nghién ctru nay s& thuc hién ddi véi ba d6i twong nudc thai khac nhau gom:
Nudc thai mé phong chira NH3-N, nudc thai chan nuoi va nude ri rac. Trong qua trinh
nghién ctru, cac théng sb co ban cua thiét bji HP2R (tdc d6 quay, luu lugng khi, luu
luong nudc thai) va yéu td anh huong téi hiéu qua stripping NH3-N (pH, nhiét do
nuoc thai) & cac ché do tiép dién va mé tuan hoan s& duoc thuc hién. Tir do, két qua
hiéu sudt stripping (77), hé s6 chuyén khéi tong quat pha long (Kia) cua qua trinh
stripping NH3-N va md hinh du doan véi hai thong s6 trén s& duoc tinh toan dé ddnh
gia hi€u qua qua trinh va lya chon thong s6 toi uu. Cudi cung, cac thi nghiém veé Xt
1y két hop thu hoi NH3-N tir nudc thai cling s& duoc thyc hién dé danh gia so bo tinh

bén viing ctia cong ngh¢ nay.



62

CHUONG II. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. Pdi twong nghién ciru
2.1.1. Thiét bi phan timg li tim HP2R

Dbi tugng chinh ctia nghién ciru nay 14 thiét bi phan tmg li tim HP2R (High-
performance rotating reactor) cua Vién Khoa hoc cong nghé Nang lugng va Moi
truong. Thiét bi nay dugc ché tao dua trén nhiing cai tién trong cAu tao va ché do
thoat nudc cia thiét bi HGRPB (High gravity rotating packed bed), mot thiét bi hap
thu str dung nguyén 1y tiép xtc ly tim duoc nghién ciru, ing dung trong céng doan
lam sach khi biogas bd1 Vién Khoa hoc cong nghé Nang lugng va Moi truong [151].
So v6i thiét bi HGRPB, thiét bi HP2R duoc thiét ké voi duong kinh dng nude vao co
kich thuéc dau phun 16n hon va dém quay dit theo huéng nam doc thay vi nam ngang,
gitip han ché ti da hién tuong tic nghén dong chat 1ong va thoat nudc tot hon cho
thiét bi ma khong can gia cong 16p day vat cuia khoang chira. Thiét bi HP2R sir dung
chat liéu hoan toan 1a thép khong gi SUS 304, bao gdm 6ng phan phdi chét 16ng, vo.
L&p vat lidu dém quay duoc bé tri bang céac 16p bé soi thép khong gi dong tam do c6
dd bén co hoc va hoa hoc cao, kha nang chiu an mon tdt trong moi truong kiém va
tinh on dinh ¢ nhiét d6 van hanh cao. Hinh anh cua thiét bi HP2R dugc trinh bay
trong Hinh 2.1 - 2.3.

Puong khi vao

V4 thiét bi

Pém xoay
Puong khi ra Khép néi véi =432 |&p nhoi bui nhui thép
dong co quay e
k/ ,,,,, ri: ban kinh trong dém tiép xuc
ﬁ r; .
I $ ' ro: ban kinh ngoai dém tiép xuc
r - e im
/ ° Zg: chiéu cao |&p dém tiép xuc
Puong nudc vao

Zy

DU .

Hinh 2.1. CAu tao cta thiét bj HP2R
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Hinh 2.3. Hinh dnh tﬁi_rc é mat tru’('ré: va sau thiét bi HP2I{

Thiét ké cua HP2R sir dung 16p dém quay dat theo phuong thang dimg, khac

vo1 dém quay theo phuong ngang trong cac nghién cuu trude day [128, 129, 153].

Pém quay dit thang dimg c6 mot s6 vu diém so voi 10p dém ngang, chang han nhu

dam béao dd 6n dinh cao cua thiét bj khi quay o tdc d6 cao, d& dang van chuyén thiét

bi, d& dang can bang dong va chdng tic nghén ciing nhu chéng ngap chit 1ong ma

khong can day nghiéng ctia vo boc. Kich thudc cua thiét bi HP2R va phan dém quay
duogc trinh bay trong Bang 2.1.

Bdng 2.1. Cac thong s6 thiét ké chinh cua thiét bi HP2R

Théng s6 (don vi) Gia tri
Bén kinh trong dém (ri) (m) 0,024
Bén kinh ngoai dém (o) (m) 0,083
Bén kinh trung binh dém (ravg) (m) 0,054
Chiéu cao dém (Zg) (m) 0,039
Thé tich dém (Vg) (m?) 7,74 x10*
Dién tich bé mit dém (ap) (m2/m?) 893
Duong kinh trung binh 16p dém (dp) (m) 0,107
Vit liéu dém B0 soi dong tam thép SUS304

Pi voi nudce thai, bom dinh lugng (EHN-C36VH4R, Iwaki, Japan) dugc sir
dung cip chat 16ng 6n dinh cho hé théng. Mot may thdi khi (TJ-750, Tongjin, China)
duoc diéu khién bang bién tan dé diéu chinh luong khi nap vao hé thdng. Van tdc

khong khi trong dng thoat duoc theo ddi bang may do gié (Kestrel 5500, Kestrel,
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USA). Chi tiét cac danh muyc thiét bi di kém véi thiét bi HP2R kém thong s6 ki thuat
dugc thé hién trong Bang 2.2.

Bdng 2.2. Danh muc thiét bi di kém véi thiét bi HP2R va thong s ki thuat

STT Thiét bi S6 lwong Théng s6 ky thuit

| Dongco quay (AEGV, Teco, 01 0,5 kW/220V/1P/50Hz
bai Loan)

,  Bomdinh luong (EHN- o1 24W/220V/360SPM/450
C36VHA4R, Iwaki, Nhat Ban) mL/phut

3 Quatthdi khi (TJ-750, 01 0,37 kW/220V/50Hz/ 60 m3/h
Tongjin, Trung Quoc)

ek A 2 0,25 kW/380 VAC, 0,75
4 Tu diéu khién: 02 bién tan 01 KW/380VAC
2.1.2. Nwée thii

a, Nwdc thai gia lap

Trong nghién clru nay, nudc thai chira amoni dugc moé phong tir NH4Cl
(Merck, Pirc) va nude cat khir ion dé dat nong do ¢d dinh 1000 + 50 mg/L. Nong do
amoni cua nudc thai gia lap dugc lya chon & muc khoang 1.000 mg/L, nham dai dién
cho nhém nudc thai ¢ ham lugng amoni cao thuong gap tai Viét Nam, nhu nudc ri
rac bai chon 1ap, nudce thai chin nudi hodc nude thai tir cic co s san xudt hoa chat
va thuc phdm. Mtic ndng d6 nay dugce xem 13 phu hop dé mo phong dic tinh va hanh
vi truyén khoi ctia cac dong thai thuc té, dong thoi gitip danh gia kha nang ap dung
ctia hé thdng xur Iy & diéu kién c6 tai luong amoni cao ma van dam bao tinh kha thi

vé mat k¥ thuat va kinh té.
b, Nwoc thai chan nuoéi lon

Nudc thai chan nudi duogc thu thap tir mét trang trai lon hd gia dinh quy mo
xép xi 100 con tai xd Vinh Tudng, tinh Vinh Phuc, Viét Nam. Mau nuéc dugce thu
tai diu ra cua bé biogas cua trang trai. Can nhya HDPE 20-L dugc st dung dé thu
thap va luu trir nude thai trudc khi chuyén vé phong thi nghiém tai Vién Khoa hoc
cong nghé Ning luong va Méi truong. Cac mau nudc thai chan nudi duoc phan tich
dé xac dinh cac thong so co ban (theo bang 2.3) vdi d6 1ap 3 1an (n = 3). Tat ca cac
thung chira sau d6 duoc bao theo tiéu chuan ISO 5667-3:2003 huéng dan vé bao
quan va xir Iy mau nude thai. Thi nghiém duge tién hanh mot ngay sau khi thu gom

dé tranh bat ky su thay d6i ndo vé dic tinh nudc thai. Tong nito (TN) cia miu nudce
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thai thu dugc vuot qua gia tri Quy chuan k¥ thuat qudc gia Viét Nam vé nude thai
chin nuéi (QCVN 62:2016/BTNMT Quy chuén A) [32]. Tong nito trong nudc thai
chin nudi lon thuong bao gdbm amoniac nito (NH;3-N), nito hitu co, nitrat (NO3") va
nitrit (NO2"). Ham lwong NH;3-N (657 mg/L) bao gdm hon 99% TN, phu hop dé loai
b6 bing phuong phép stripping. Tinh chit cia mau nude thai chin nudi duge mo ta

trong Bang 2.3.

Bang 2.3. Tinh chat 6 nhiém cua mau nudc thai chan nudi lon

SIT Thomgsé " Gidtrimezy CC7N 0220IO/BINMT
vi cdt A [154]

I pH - 75£10 §9

2 BOD: mgL 430095 40

3 COoD mg/L 1120+ 182 100

4TSS mg/L 14323 50

5 N mg/L. 660 +93 50

6 NHyN  mglL 65710 _

¢, Nwoc thai ri rac

Nudc ri rac tai Bai chon lép rac Nam Son (S6c Son, Ha N§1) dugc sir dung lam
d6i twong nudc thai chira NH3-N nong do cao trong nghién ciru nay. Bai chon lap da
dugc van hanh tir nim 1999 v&i cong sudt tiép nhan chit thai ran sinh hoat khoang
5000 — 5500 tan mdi ngay. Thanh phan chét thai chii yéu bao gom 50-70% 1a chat
hitu co (thtic an thira va rac san vuon), cing véi cac thanh phan vo co khac nhu nhya,
thuy tinh,... MAu nudc ri rac duoc 14y tai cira xa ctia dng thu gom cua béi chén 1ap,
ngay trude khi nude tir bai chén lap chay vao bé diéu hoa ciia hé thong xir Iy nudc
thai. Cac mau nuéc duoc chtra trong cac can nhua HDPE 20L, van chuyén va bao
quan trong phong thi nghiém & diéu kién theo tiéu chuan ISO 5667-3:2003 hudng
dan vé bao quan va xtr Iy miu nudc thai. Cac miu nudc ri rac duge phan tich dé xac
dinh cac thong sd co ban voi do 1ap tir 03 (n = 3) dén 05 (n = 5) trong hai dot lay mau.
Tinh chit mau nuéc thai tir cac dot thu thap trinh bay trong Bang 2.4. Mau thu thap
¢6 dic diém cua nudce ri rac cil, ty 16 BOD/COD thap, pH tuong ddi cao va ndng do

NH3-N cao ¢ ca hai dot.
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Bang 2.4. Tinh chat 6 nhiém cua mau nudc ri réc.

Gia tri
Thong QCVN 40:2025/BTNMT
STT i DPon vi Dot 1 Dot 2
SO cot A [155]
(n=3) (n=5)
1 pH - 8,2+0,6 8,5+0,6 -
2 COD mg/L 2650 +£324 2920 + 262 50
3 BODs mg/L 756 +£ 105 824 + 162 30
4 TSS mg/L) 1082 +281 1210=+302 -
5 TN mg/L 1608 £ 181 1808 = 181 20
6 NH3-N mg/L 1399+ 173 1670 + 220 5

Néng do céac thong s6, dic biét 1a NH3-N déu vuot tiéu chuan xa thai cla Quy

chuan k¥ thuat quéc gia Viét Nam vé nude thai cong nghiép [155]. Nong d6 NH3-N

chiém khoang 86% tong nito, phtt hop cho qué trinh stripping dé loai bo hiéu qua

phan 16n ham lugng nito ciia mau nudce ri rac.

2.1.3. Héa chit, thiét bi

a, Hoa chat

~  NH4Cl (Merck, Biic) dang ran, d6 tinh khiét 99%: sir dung dé pha nuéc thai tong

hop, dung dich chuan cho phwong phap dién cuc ion chon loc phan tich NH3-N;

~ NaOH (Merck, Puc) dang rin, d6 tinh khiét >99%: diéu chinh pH mau nudc

thai, diéu chinh pH mau do NH3-N bﬁng dién cuc ion chon loc.

~ H2SO04 (Merck, Purc) dang 10ng, do tinh khiét >98%: sir dung dé diéu chinh

pH, bao quan mau nudc thai;

- NaOH (Xilong, Trung Quéc) dang ran, do tinh khiét >99%, st dung dé diéu

chinh pH mau nudc thai;

- Ca(OH), (Xilong, Trung Qudc) dang bot, 6 tinh khiét > 95%: St dung dé

di€u chinh pH mau nudc thai;

- H»SO04 (Xilong, Trung Qudc) dang 16ng: chuan bi dung dich thu hdi amoni.
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b, Thiét bi

Céc trang thiét bi, may moc st dung cho nghién ctru tai phong thi nghiém coa

Vién Khoa hoc cong ngh¢ Nang lugng va Moi truong:

- Bom dinh luong (EHN-CV36VHA4R, Iwaki, Nhat ban);

- May do van tdc gié (Kestrel 5500, Kestrel, M¥);

- Bé 6n dinh nhiét (BW-20G, Jeiotech, Han Qudc);

- bién cuc ion chon loc do NH3-N (HI 4101, Hanna, M¥);

- bién cuc do pH (HI 1131B, Hanna, My);

- bién cuc do nhiét d6 (HI7662-T, Hanna, My);

- May da chi tiéu pH/ISE/mV (HI-5222, Hanna, M¥);

~  Thiét bj phan Gng hiéu ning cao dang quay (HP2R, Envitech, Viét Nam).
2.2. Phwong phap nghién ctru

2.2.1. Phuwong phap thuc nghiém

Trong nghién ctru ndy, cac quy trinh thuc nghiém duoc thiét ké nham khao sat
toan dién hiéu qua cta qué trinh stripping NH3-N tir cac loai nuéc thai dudi cac didu
kién khac nhau cua cc thong sé van hanh va diéu kién nude thai. So do thé hién chi

tiét cac bude thuc hién trong nghién ctru nay duoc moé ta trong Hinh 2.4.
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Gu‘c'rc thai chan nuc“;D C\Iu'c'rc thai mé phéna C Nudc ri rac )
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Thuc nghiém khao sat yéu to anh
hudng téi qua trinh stripping amoni

v v v v
[o] [+] [ain] [aT]

'

y

Tinh toan hiéu
suat stripping
(n)

Tinh todn hé sd
chuyén khoi
(K.a)

Tinh todn mé hinh dv doan hé so
chuyén khéi va hiéu suit stripping
bang thiét bi HP2R

Diéu kién van hanh téi wu thiét bi
HP2R dé xtr ly amoni

=—se

Thuc nghiém xtr Iy két hop thu hoi
amoni tlr nwdc thai

v v v !
/lei//of// C}L//Tlu/

!

'

Tinh toan hiéu
suat stripping
(f}'remova-‘}

Tinh toan hiéu
suat thu hoi
(ﬂrecover)

Tinh toan mo
hinh déng hoc
bac1

!

A 4

Tiém nang ng dung thiét bi HP2R
trong xtr ly amoni & quy mé thuc té

Hinh 2.4. So d6 khbi trinh tir nghién cru xtr Iy amoni nong do cao bang thiét bi HP2R

Nghién ciru nay s& thuc hién ddi véi ba ddi twong nudc thai khac nhau gom:

Nudce thai mo phong chira NH;3-N, nude thai chan nuoi va nudce ri rac. Trong qua trinh

nghién ctru, cac théng sd co ban cua thiét bi HP2R (toc d6 quay, luu lugng khi, luu

luong nudce thai) va yéu td anh huéng téi hiéu qua stripping NH3-N (pH, nhiét do

nude thai) & cac ché do tiep dién va mé tuan hoan sé duoc thuc hién. Tu do, két qua

hiéu sudt stripping (77), hé sé chuyén khéi tong quat pha long (Kra) cua qua trinh

stripping NH3-N va mé hinh du doan véi hai thong s trén s& duoc tinh toan dé danh

gi4 hiéu qua qua trinh va lya chon thong s6 t61 wu. Cuoi cung, cac thi nghiém veé xur

Iy két hop thu hdi NH;-N tir nude thai ciing s& duoc thuc hién dé danh gia so bo tinh

bén viing ctia cong nghé nay. Chi tiét quy trinh thuc nghiém qua trinh stripping str

dung thiét bi HP2R cung cac diéu kién thuc nghi¢m dugc mo ta & muc sau:
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a, Quy trinh thwe nghiém khdo sit cdc yéu té anh hwéng t6i qud trinh
stripping amoni tir nwoc thadi
Quy trinh thyc nghiém khao sat cac yéu té anh huong dén hiéu qua xir Iy

amoni duoc thé hién trong Hinh 2.5.

—_——_—— - —_- —a

Q 2) 196, NHN] @ ©

:Nuwédcthdii ~ @ ————— » :Khisach

: Khi chtra NH;
Hinh 2.5. So d6 thi nghiém khao sat cac yéu t6 anh huéng t6i qua trinh stripping
amoni tur nudc thai
Chii thich: 1: Binh chita nwéc thdi, 2: Bé on dinh nhiét, 3: Nhiét ké, 4: Bom dinh
luong, 5: Tl hiét bi HP2R, 6: Van thu mau, 7: May théi khi, 8: Béng ho do van téc
gid, 9: Binh hdp thu

T huyét minh quy trinh: 5-L nudc thai chira NH3-N & né)ng do duoc xac dinh,
sau khi dugc diéu chinh pH vé ngudng thich hop (pH;) cho qua trinh stripping duoc
dua vé binh chira nudc thai dit trong bé 6n dinh nhiét. Bé 6n dinh nhiét c6 vai tro
giit nhiét d6 nudc thai (TLi) ¢d dinh & ngudng 30 °C cho qué trinh stripping. Dong
thoi, thiét bi HP2R s& duoc khai dong bang cach cai dit va van hanh & toc d6 quay
(o) va luu luong khi (Qg) x4c dinh cho thi nghiém. Sau khi thiét bi HP2R dat duoc
thong s6 ® va Qg mong mudn, bom dinh lugng s€ duoc khdi dong dé nude thai duge

cAp vao thiét bi HP2R biang bom dinh luong & luu lwong (Qr) x4c dinh cho thi
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nghiém. MAu s& duoc 1ay sau 15 phut tinh tir thoi diém nudc xuat hién & dng thoat
nudc thai dé dam bao két qua phan anh dung hiéu qua cta thiét bi tai thoi diém diéu
kién tiép xtic va phan phdi chat 1ong trong dém & trang thai 6n dinh. Cac miu nudce
sau khi thu s€ dugc phan tich tirc thi cac chi tiéu NH3-N, nhiét do, pH.

Débi véi mdi ddi twong nude thai (nude thai mé phong, nuée thai chin nudi,
nudec ri rac), 46 pH ban dau ctia nudce thai va cac théng s van hanh cia thiét bi HP2R
(téc d6 quay, luu lugng khi, Iwu lwvgng nude thai) s& duoc lira chon va khao sat & cac
ngudng pht hop véi qua trinh stripping NH3-N ké thira tir cac nghién ctru trude day
sir dung thap stripping va thiét bi HiGee. Cu thé, do pH s& duoc lya chon trong khoang
tur 8,5 to1 12 twong ung véi khoang dao dong do pH lua chon boi cac nghién ciu xur
1y amoni bang phuong phap stripping [75, 88]. Toc d6 quay cua dém o s& dugc lua
chon & ngudng tir 300 — 1200 rpm, dam béo luc ly tim tuong doi (Relative Centrifugal
Force) dat tir 6 G t6i 87 G (theo ban kinh trung binh dém 0,054 m) va nam trong dai
thong s6 van hanh cua dong co thiét bi HP2R. Ti 1¢ luu lvong Qc/Qr dugce luya chon
trong khoang tir 500 — 5000, can ctr theo cac nghién clru tuong tu véi thiét bi HiGee
[128-130], 16n hon nhiéu lan so véi thap stripping do ¢ hd trg cua luc ly tim gitp
giam hién tuong tic nghén bang cach gia ting gi6i han diém ngap [85, 156]. Cu thé

cac muc diéu kién khao sat cho ting dbi trong duoc mo ta cu thé dudi day:
Poi véi nwée thai mé phong (Nong dé NHs-N ban dau Cri = 1000 mg/L):

- D0 pH cua nudce thai trude khi vao qua trinh stripping (pHi) c6 &nh hudng dang
ké t6i hiéu qua stripping do diéu nay quyét dinh su dich chuyén NH4*. O thi
nghiém véi nude thai moé phdong, pH; duge thir nghi€ém & cac ngudng: 9, 10,

11,12, béng cach thém NaOH vao nudc thai;

- Téc do vong quay ctia dém (o) dugc khao sat & cac ngudng 300, 600, 900,
1200 rpm;

- Anh huéng cta ti 18 luu luong khi trén luu luong nudce (Qa/Qr) duoc khao sat
& cac ngudng 854, 1587, 2136, 3052 bang cach diéu chinh Qg ¢ cac ngudng:
85,4 L/phut, 158,7 L/phut, 213,6 L/phut, va 305,2 L/phat v6i Qi 6n dinh &
0,10 L/phut;

- Anh huéng cua s6 vong tuan hoan stripping: O thi nghiém nay, 2-L nudc thai

s€ dugc dua vao qua trinh stripping hai vong. Cu thé, nudc thai sau xur ly cua
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luot stripping dau tién sé& 1a nudc thai ddu vao cho mot vong lap stripping thir
hai. Diéu kién van hanh cua thiét bi HP2R & hai vong stripping s& duoc giit
nguyén dé danh gia su thay doi ciia d6 pH va ndong d6 NH3-N sau khi trai qua

thém mat vong stripping.
Poi véi nwée thai chin nudi (Nong dé NH;z-N ban dau Cri = 657 mg/L):

D0 pHi ctia nude thai chdn nuoi s€ dugce khao sat & ba ngudng: 10, 11 va 12 (luge

b6 pH 9 do hiéu qua thip véi nudce thai mé phong);

Téc d6 vong quay cua dém (o) dugce khao sat & cac ngudng 300, 600, 900,
1200 rpm;

Anh huong cua Qa/QL duge khdo sat & cac ngudong 1160, 2160, 2910, 4150
bang cach diéu chinh Qg ¢ cac ngudng: 116 L/phut, 216 L/phut, 291 L/pht,
va 415 L/phtt v6i QL 6n dinh ¢ 0,10 L/phut (Qg duoc lwa chon cao hon do

TSS trong nudc thai chan nudi cao hon nudc mod phong);

Anh hudng cia luu luong nudc thai Qu duoc khao sat & cac ngudng: 0,05
L/phut, 0,1 L/phut, 0,15 L/phat va 0,2 L/phtt & luu lugng khi ¢b dinh Qg =
216 L/phat.

Poi véi nwée ri rac (Nong d NHs-N ban dau Cri = 1399 mg/L)

Do pHi cua nudc ri rac s€ duoc khao sat & cac ngudng: 8,5; 9,5; 10,5 va 11,5
(Khao sat thir nghiém bo sung thém cac ngudng pH xen k& nham tiét kiém hoa
chét va tim diém tdi uu);

Tbc d6 vong quay cia dém (o) dugc khao sat & cac ngudng 300, 600,
900, 1200 rpm;

Anh hudng ctua Qa/Qr dugc khao sat & cac ngudng 762, 1416, 1906, 2722
bang cach diéu chinh Qg & cac ngudng: 76,2 L/phut, 141,6 L/phut, 190,6
L/phut, va 272,2 L/phut véi Q 6n dinh & 0,10 L/pht;

Anh huong cia lvu lwong nude thai Qu duge khao sat & cac ngudng: 0,05
L/phut, 0,1 L/phut, 0,15 L/phat va 0,2 L/phtt & luu lugng khi ¢ dinh QG =
142 L/phut. P6i v6i khat Qr, téc d6 quay duoc khao sat & toe do 600 rpm trd

1én dé tranh diém ngap gy nén bsi luu lugng nude thai qua 16m.
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- Anh huéng cia sé vong tudn hoan stripping: O thi nghiém nay, 2-L nudc ri rac
s& dugc dua vao qua trinh stripping téng cong nim vong. Cu thé, nude thai sau
xur 1y cta luogt stripping dau tién s& 1a nudc thai dau vao cho mot vong lap
stripping tiép theo. Diéu kién vén hanh cua thiét bi HP2R & cac vong stripping
s& duoc giit nguyén dé danh gia su thay doi cua dd pH va nong d6 NH3-N giira
cac so lan tuan hoan.

Téng hop céc diéu kién van hanh dugc thuc hién trong khao sat cac yéu td anh
huong t6i qua trinh stripping amoni tir nude thai néu trén duoc tong hop trong Bang
2.5 dudi day:

Bdng 2.5. Cac diéu kién van hanh thyc hién trong khao sat cac yéu td anh hudng t6i

qué trinh stripping amoni tr nudc thai

Cac dieu kién van hanh

Poi twong Stripping
pHi ® Qas/QL QL .
nwoc thai . (tpm) . (Liphiit) tuan hoan
- rpm - L/phut
(chu ky)
Nudc thai 9,10, 11, 300, 600, 854, 1587, ;
mo phong 12 900, 1200 2136, 3052
Nudc thai 300, 600, 1160,2160, 0,05;0,1;
10, 11, 12 -
chan nudi 900, 1200 2910, 4150 0,15;0,2
8,5;9,5; 300, 600, 762, 1416, 0,05;0,1;
Nudc ri rac 5
10,5; 11,5 900, 1200 1906, 2722 0,15;0,2
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b, Quy trinh thwc nghiém xir Iy két hop thu hoi amoni tir nwée thai
Quy trinh thyc nghiém xur 1y két hop thu hdi amoni tir nuée thai duoc thé hién

trong Hinh 2.6.

| Phan tich |
- : pH, nhiét :
1 d6, NH3-N | :
:Nuwdcthdi = ————— » :Khisach

: Khi chra NH;
Hinh 2.6. Quy trinh xtr Iy va thu hdi amoni bang thiét bi HP2R.
Ch thich: 1: Bé chira nude ri rac, 2: Bé gia nhiét, 3: Nhiét ké, 4: Bom dinh luong, 5:
Thiét bi HP2R, 6: Van, 7: May thoi khi, 8: Pong hd do vén tc gid, 9: Binh hap thu

Thuyét minh quy trinh: tai thi nghiém nay, 2-L nuéc thai dugc diéu chinh pHi
bang Ca(OH), v&i ndong d6 NH3-N xéc dinh s& duoc chuan bi cho thi nghiém nay.
Nudc thai sau khi duoc diéu chinh pH va xac dinh néng do s& duoc chira tai bé 6n
dinh nhiét. Dong thoi, thiét bi HP2R s& dugc khéi dong bang cach cai dit va van hanh
& téc d6 quay (o) va luu luong khi (Qg) xac dinh cho thi nghiém. Sau khi thiét bi
HP2R dat dugc thong s6 ® = 900 rpm va Qg mong mudn, bom dinh lugng s€ dugc
khéi dong dé nude thai duoc cap vao thiét bi HP2R bang bom dinh luong ¢ luu luong
(Qv) xé4c dinh cho thi nghiém. Khéc véi thi nghiém khao sat yéu t6 anh hudng, cac
diéu kién thi nghiém ¢ mdi mé s& dugc giir nguyén trong sudt qua trinh thyc nghiém.
Nudc thai sau khi ra khoi thiét bi s& duoc dua vé bé 6n dinh nhiét dé tiép tuc tuan

hoan vao thiét bi HP2R cho qua trinh stripping. Khi chira NH; thoat ra sau qué trinh
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stripping s& dugc dua vé binh hip thu dang scrubber chira 1-L H2SO4 dé thu hdi NHs-
N tir qu4 trinh stripping. Mot mé thi nghiém duoc x4c dinh bit dau tai thoi diém xuét
hién nudc dau ra tai 6ng thoat nude cua thiét bi HP2R. Tai tung mbc thoi gian (t), cac
mAu nude thai (tai bé 6n dinh nhiét) va dung dich hap thu (tai binh hap thu) s& dugc
14y dé phan tich x4c dinh d6 pH va ndng d6 NH3-N. Mdi mé thi nghiém duoc dung
lai khi ndng d6 NH3-N giam xuéng duéi 100 mg/L, mirc dugc coi 1a phit hop cho qua

trinh nitrat hoa sinh hoc trong cac nha may xu ly nudc thai [157].

Thi nghi¢ém xtr ly va thu hoi amoni trong nudc thai s€ dugce thyc hién vo1 nudce
thai mod phong va nudc ri rac. Cac diéu kién khao sat trong thi nghiém nay duoc lua
chon va ké thira dua trén két qua thu duoc tir thi nghiém khéo sat yéu t6 anh huong
trude d6. Poi véi thi nghiém xur 1y va thu hdi amoni & ché do tuan hoan nudc thai,
cac thong s6 van hanh va tinh chat nudc thai duge khao sat cu thé nhu sau:

Poi véi nwée thai mé phéng (Nong dé NHs-N ban dau Cri = 1000 mg/L)

- Anh hudng cta pH;: hai mé thi nghiém xtr Iy va thu hoi amoni s& dugc thyc hién
& hai ngudng pH; 1a 11 va 12 6i cac diéu kién van hanh khac duoc dat ¢b dinh
gom Tr = 30°C, Qg = 100 L/phut va Qr = 0,2 L/phut va o = 900 rpm.

- Anh huéng cia Qa: Qg dugc thir nghiém & cac ngudng: 100 L/phat, 150
L/phut, 200 L/phut va 300 L/phut ¢ cac diéu kién van hanh khac dugc dit cb
dinh gom Tr = 30°C, QL = 0,1 L/phut, pHi = 11 va ® = 900 rpm.

- Anhhuong ctia Qr: Qu duoc thir nghiém & cac ngudng: 0,05 L/phit, 0,1 L/phut
va 0,2 L/phit ¢ cac diéu kién van hanh khac duoc dit cd dinh gdm Tr = 30°C,
Qg =200 L/phut, pHi = 11 va © = 900 rpm.

- Anh hudng cua @6 pH ciia dung dich hap thu: pHiabs cta dung dich hap thu
H,S0;4 duge thir nghiém ¢ cac ngudng 1, 2, 3 (twong tmg v6i ndng do HaSO4
0.05M, 0.005M va 0.0005M) va dung dich nudc may dai dién cho pHiaps = 7,8
dugc khao sat téi hiéu qua thu hoéi amoni
Poi véi nuée vi rac (Nong @ NHz-N ban dau Cri = 1670 mg/L)

- Anhhuong cia Qg: Qg dugc thir nghiém & cac ngudng: 50 L/phut, 100 L/phut,
200 L/phuat va 300 L/phut ¢ cac diéu kién van hanh khac dugc dit ¢b dinh gdbm
T =30°C, QL = 0,2 L/phut, pHi = 11,5 va ® = 900 rpm.



76

Anh hudng ctia Qu: Qr dugce thir nghiém & cac ngudng: 50 L/phut, 100 L/pht,

200 L/phat va 300 L/phut ¢ cac diéu kién van hanh khac dugc dit ¢b dinh gdbm
T =30°C, Qg =200 L/phut, pHi = 11,5 va ® = 900 rpm.

Anh huong ctua Tri: Twi tai bé 6n dinh nhiét dugc thir nghi¢m & cac ngudng:
30 °C, 40 °C va 50 °C ¢ cac diéu kién van hanh khac dugc dit cb dinh gdbm Qr
= 0,2 L/phut, Qg =200 L/phut, pHi = 11,5 va ® =900 rpm.

Téng hop cac diéu kién van hanh trong thuc nghiém xur 1y két hop thu hoi

amoni tir nudc thai néu trén duge tong hop trong Bang 2.6.

Bang 2.6. Cac diéu kién van hanh trong thuc nghiém xir 1y két hop thu hoi amoni tir

nudc thai

Doi twong

Cac dieu kién van hanh

, v pHi Qa QL T

oc th H; abs
fuoe tha ) (L/phit) (L/phit) pHiiab (°C)
Nuoethal ) o 100,200,300 0,05:0.1;02 D53 30
mod phdéng 7,8

50, 100,200,  0,05; 0,1; 0,2; 30, 40

r 9 4 11 b b 9 2 b 2 b 9 9 2 2

Nudc ri rac 5 300 0.3 50

2.2.2. Phuwong phdp phdan tich

Céc phuong phap phan tich st dung trong nghién ctru ndy duogc thé hién trong

Bang 2.7:

Béang 2. 7. Céac phuong phéap phan tich st dung trong nghién ctru

TT | Chitiéu Phwong phap phan tich Ghi chu

1 COD TCVN 6491:1999

2 BODs TCVN 6001-1 : 2008

3 TSS TCVN 6625 : 2000 Sir dung trong phan tich tinh
chat ban dau ctia cac mau nudc

SMEWW 4500-N.C:2023
4 TN + SMEWW 4500 —
NO3.e:2023

5 NH;3-N TCVN 7872:2008

6 pH TCVN 6492 - 2011 St (%ung tltong‘ phan tich cac mau
nudc trudc va sau thuc nghiém

7 | Nhi¢tdd | Daudo nhiét do dién tir
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2.2.3. Phwong phap tinh todn

a, Déi véi quy trinh thuce nghiém khdo sdt cdc yéu to anh hwéng t6i qud trinh

stripping amoni tir nwdc thdi

Hiéu suit stripping (#7) dugc tinh toan dwa trén su thay doi cua nong do NH3-N

trong nudc thai nhu sau:
N (%) = L= X 100% 2.1)
Li

trong d6, Cri va Cro (mg/L) 1an luot 1 ndng d6 NH;3-N trude va sau qua trinh stripping

trong mau nudc thai.

Heé s6 chuyén khéi tong quat pha long (Kra) duge sir dung dé thé hiéu hiéu qua
chuyén khéi trong qua trinh stripping NH3-N trong nghién ctru nay [128, 129].
Phuong trinh duoc dé xuat boi Singh va cong su (1992) va Chen va cong su (2005)
[119, 158] dé danh gi4 hiéu suat chuyén khdi pha 1ong trong cac thiét bi s dung
nguyén 1y dém ly tdm c6 sy tham gia cia hai pha khi — long dua trén nguyén 1y can
bﬁng khoi luong va thuyét two-film. Su chénh 1&ch thé tich véi dién tich mat cat
ngang (2nrZg), d§ day mang dong chay (dr) dugc xét trong tinh toan Kra véi gia dinh
tré Iyc chuyén khdi pha khi 1a khong dang ké [132]. Can bang khdi lugng trong
khoang thé tich dém voi d gia dinh tré Iyc chuyén khéi pha khi khong dang ké duoc

thé hién nhu sau:

QLdCL e KLa(CZ - CL)ZTCTZBdT' (22)
trong d6 Cr. 1a ndng d6 ctia NH;3-N trong pha 16ng va CL* 1a ndng do cén bang pha
twong quan voi ndng do NH3-N ¢ pha khi. Can bang khoi luong tong thé duoc viét
lai nhu sau:

QL(CL - CLO) = QG(CG - CGi) = QG(HCCL* —0) (2.3)

trong d6 Qg 1a toc do dong khi, Hc 12 hang s6 dinh luat Henry khong thtr nguyén cia
amoniac, Cg 12 ndng do dau ra ctia NH3-N trong pha khi va Cgi 1a ndong do NH3-N

dau vao trong khi. Cr” ¢6 thé dugc rat gon nhu sau:
. 1
Cp =35(C, = Cpo) (2.4)

trong d6 gia tri S, dai dién cho hé s stripping, dugc tinh nhu sau:
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Q
S = HCQ—fZ (2.5)

trong d6 Qv 1a lwu luong pha 16ng, Qg 14 luu lwong pha khi va He 14 hing sb dinh luat
Henry khong thr nguyén (dimensionless) cua NH; ¢ 30 °C (Hc = 0,000824) [159].
Tir day, hé sb chuyén khdi khdi c6 thé thu dugc bang cach thay thé phuong trinh (2.4)
tré phuong trinh (2.2) va 1ay tich phan phuong trinh tir r = 1; &én r = 1, v6i cac didu
kién bién 1an lugt 1a CL = CLi va CL = CLo:

CLi acy,

T
Q, fCLo —E(CL—CLO)—CL] = KLafrO 2nrzgdr (2.6)

Giai tich phan thu duoc biéu thirc tinh Kra nhu sau:

In[(1-1)Li 1
Kia (") = s—g—n[( 15_)?0 |
5

2.7)

trong d6, KLa 1a hé s6 chuyén khdi tong quat pha long ciia qua trinh (), Qr 1a luu
lwong nudce thai (m?/s), Vi 1a thé tich dém cua thiét bi HP2R (m?), Cri va Cro lan luot

1a ndng do6 NH3-N tai nudc thai dau vao va dau ra (mg/L).

Doi v6i thi nghiém khao sat yéu t6 anh huong véi dbi tugng nude thai mod
phong, thong sé chiéu cao don vi chuyén khdi (HTU) duogc tinh toan. HTU 1a dai
luong dic trung cho hiéu qua truyén khéi cua thiét bi hap thu hodc stripping, biéu thi
chiéu cao 16p vat liéu dém (hoac chiéu cao vung truyén khéi) can thiét dé dat duoc
mot don vi thay doi néng do cua chat duogc truyén gitra hai pha. Noi cach khac, HTU
cho biét hiéu qua st dung chiéu cao thiét bi: HTU nho — qué trinh truyén khdi dién
ra hiéu qua, can chiéu cao thiét bi thap dé dat cung muc do stripping; HTU 16n —
qua trinh kém hiéu qua, yéu cau thiét bi cao hon dé dat cing hiéu suat [160]. Béi voi
qua trinh stripping str dung thiét bi HP2R, gia tri HTU tong quat dwa trén trd luc pha

long (HTUoL) dugc Iya chon dé tinh toan véi phuong trinh nhu sau:

HTU,,(cm) = % x 100 % (2.8)

trong d6, u; 1 van tbc bé mit cta chét 16ng, dugc tinh theo QL (m3/s)va dién tich mat
cit phuong ngang ctia dém (Ac) (m?):

u,(m/s) = L= 2.9)

Ac - 2MTqpgZB
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Déi voi két qua khao sat dbi véi nude ri rac, két qua tinh toan Kra cung cac bién
s6 van hanh va thong sé thuy dong luc hoc cta cac pha twong tng s& dugc sir dung
dé xay dung phuong trinh dy doan hiéu suat cia qua trinh stripping NH3-N str dung
thiét bi HP2R. M6 hinh nay d dugc sir dung thanh cong trong du doan Kra tir qua
trinh stripping NH3-N tir nudce thai tong hop ciia Yuan va cong su. (2016) [128, 129]
va stripping ClO» [130] st dung thiét bi HiGee. Trong mé hinh nady, cac hé sd
Reynolds pha 1ong (Rer), hé s Reynolds pha khi (Reg) va hé sb Grashof pha long

dua trén ban kinh dém trung binh (Grr avg) dugc tinh toan lan luot nhu sau:

pLQLIn(>2
Re, = — <.r‘> (2.10)
2nZ(ro—Ti)apL
pGQGln(:—?)
—_ L
keg = 2nZp(ro—T)aplc (2.11)
2 _2+»\3
GTy apg = 222 (v}g L 2.12)
Kra du doan sau d6 duoc tinh toan tir cac nhom hé sé nhu sau:
Kpad
~L%P = a X RePRe§Grilyyg (2.13)
Dpap ’

trong d6, d, 1a duong kinh ctia 16p dém (0,107 m) cua thiét bi HP2R, Dy 1a hé s6
khuéch tan phan tir chét 1ong (1,90 x 10 m?/s) cia NH; & 30°C [159]. Cac thudc tinh
chét 1ong khac dugc str dung trong cac phuong trinh (2.10) dén (2.12) duoc liét ké
trong Bang 2.7. Dya trén phuong trinh (2.8) va phép tinh Kra du doan cta phuong
trinh. (2.13), phuong trinh 1 du doan c6 thé duoc biéu thi nhu sau:

0
exp (KLag—i(l—é)—é)

r]:

] x 100 % (2.14)

Bdng 2.8. Cac thong sb thuy dong luc cua pha 1ong chira NH; va pha khi
Giatri  TLTK

Thong so Don vi (tai 30 °C)

Khdi lugng riéng nude ri rac (p,) kg/m? 1000,98 -
Do nhét pha 1ong (uy) kg/m.s 0,8432 x 102 [161]
Khdi lugng riéng khong khi (pg) kg/m? 1,166 [159]
Do nhét cua khong khi (pg) kg/mss 1,87 x10°  [159]
Do nhét ddng hoc cta pha 16ng (vi) m?/s 842 x107  [161]

Do phan phdi phan tir 1ong cia NHz (D)  m?¥s 1,9x10°  [159]
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b, Poi vdi quy trinh thwe nghigm xir Iy két hop thu héi amoni tiv nuéce thdi
Dbi v6i quy trinh thuc nghiém xir Iy két hop thu hdi amoni, hiéu suét stripping
(Mremovar) duoc tinh toan dua trén sy thay d6i ndng dd6 NH;-N trong nude thai tai thoi

diém t (CLy) so v&i thoi diém bat ddu thi nghiém (CLi). Cong thic thé hién nhu sau:

nremoval(%) = % X 100% (2.15)

L

Tuong ty, hiéu sudt thu hdi amoni (1,ecoper) S& duoc tinh bang sy gia ting
khdi lugng amoni dugc gitr lai trong dung dich hép thu so vai khoi lugng amoni dugc
dua ra khoi nude thai, dugc tinh tir nff)ng do NHs-N trong dung dich hép thu tai thoi
diém t (Car) va tong thé tich ctia dung dich hap thu (V) so véi tong khéi luong NHs-
N da duoc loai boé sau khi mé stripping két thuc, tinh tir ndng dé NH3-N trong nudc
thai tai thoi diém bat dau (Ci) trir di thoi diém két thuc thi nghiém (Cis) nhan véi thé
tich mé nudc thai V. Cong thire thé hién nhu sau:

CatXVa
(CLi=CLF) XV

Nrecover (%) = X 100% (2.16)

Trong thi nghiém xtr Iy két hop thu hoi amoni tir nudc thai & ché do tuan hoan,
hang s tbc 46 phan tng clia qua trinh stripping NH3-N (K1) duoc tinh toan theo dong

hoc bac nhat bang cach sir dung ndong do amoni trung binh tir mdi mau, nhu sau [162]:
CLt = CLi X e_KLt (217)
2.2.4. Phuwong phdp xi¢ ly so liéu va dam bdo chit lwong

S liéu thyc nghiém dugc trinh bay dudi dang gid tri trung binh ciia ba 1an lip
lai cho mdi ché d thi nghiém (n = 3). BJ léch chuan (Standard deviation) dugc tinh
bang ham thong ké trong Excel nham danh gia d6 bién thién cua két qua, dong thoi

sai s6 dugc thé hién duéi dang thanh 18i (error bar) trén cac do thi & Chuong III.

Cong tac dam bao va kiém soat chit luong (QA/QC) duoc thuc hién xuyén
sudt qua trinh do va phan tich. Thiét bi do pH duoc hiéu chuan dinh ky bang dung
dich dém chuén pH 4.00, 7.00 va 10.00; dién cuc ion chon loc do amoni (ISE) dugc
hiéu chuan dinh ky bang dung dich chuin NH4Cl dé xay dung dudng chuan (R2 >
0.99). Mdi dot phan tich c6 miu tring va mau chuin nham kiém tra sai s6 hé thong,

d6ng thoi cac phép do duge lap lai ba lan dé danh gia do chinh xac. Thiét bj HP2R
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dugc vé sinh bang nudc may vé trung tinh sau mdi thi nghiém dé tranh nhiém chéo,
dam bao két qua dang tin cay ddi v6i cac mau nude thai.

Tiéu két chwong II:

Chuong II d trinh bay chi tiét dbi trong va phuong phap nghién ctru cta dé
tai, bao gdm mo ta ciu tao, nguyén 1y hoat dong va wu diém k¥ thuat cua thiét bj phan
tmg ly tim HP2R. Thiét bi duoc ché tao hoan toan bang thép khong gi SUS304, sir
dung 16p dém quay dang bo soi thép b tri dong tam, giup ting cudng dién tich tiép
xuc khi — 16ng, cai thién qua trinh truyén khdi va han ché tac nghén. Nghién ciru duoc
tién hanh voi ba loai nudc thai dic trung cho cac nhom cé néng do amoni cao tai Viét
Nam, gém nudc thai mé phong, nudce thai chin nudi va nude ri rac. Cac thi nghiém
duogc thiét ké nham khao sat anh hudng ciia cac yéu td van hanh (pH, toc do quay,
Iru lugng khi va nudc) dén hiéu suat stripping NH3-N va hé s truyén khéi tong quat
Kia, ddng thoi danh gia kha ning thu hdi amoni théng qua dung dich hép thu axit.
Céc cong thuc tinh toan, quy trinh xr 1y s6 liéu va bién phap QA/QC duoc thiét 1ap

nham dam bao do chinh xac va dg tin cay cua két qua.
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CHUONG III: KET QUA VA THAO LUAN
3.1. Két qua khao sat cac yéu t6 znh hwémng téi qua trinh stripping amoni bing thiét
bi HP2R tir nuéc thai
3.1.1. Két qui khzo st stripping amoni bang thiét bi HP2R véi nudc thii mé phéng
a, Anh hwéng ciia pH;

Anh huéng cta pH; dén hiéu qua stripping (77) tai Qa/QL = 855 duoc trinh bay
trong Hinh 3.1. Diéu kién pH cta nudc thai chira NH3-N déng vai tro quan trong
trong hiéu qua stripping. O pH; = 9, n ¢ ngudng khong dang ké, chi dao dong tir 3%
dén 7% & cac toc do quay (o) khac nhau. Gid tri 5 duoc cai thién rd rét khi do pH; =
11. Cu thé, tai Qa/QL = 855 va = 600 rpm, # duoc cai thién tir 5,4 1én 38,70 %
(Hinh 3.1).

60
50
40
S30 f
ot
20
——® = 1200 rpm
—A—» =900 rpm
10 - —&» =600 rpm
—©—» =300 rpm
O 1 1
8.5 9.5 10.5 11.5 12.5

pH;

Hinh 3.1. Anh huong cua pH dén hiéu qua xtr Iy NH; tai pHi = 11 Qa/Qr = 855, QL
= 0,1 L/min, Cr; = 1000 mg/L, ® = 600 rpm (n = 3)

Hién tugng tuong tu cling dugc ghi nhan khi pH; tdng tr 9 1én 11 & cdc mirc ©
khac. Day l1a két qua ciia sy chuyén dich cap lity thira ciia hé s6 phan bd NH4"/NH;
khi pHi ting tir 9 1én 11 [163]. Bonmati va Flotas dé thao luan riang hiéu qua loai bo
NH; tir phan lon tuoi trong thap stripping ciing dat dugc sy gia ting dang ké véi do
pH ban dau 1a 11,5 so véi 9,5 [80]. Tang pH ciia nudc ri réc trude khi stripping ciing
dugc Santos va cong su (2020) ap dung dé dat hiéu qua stripping NH3 ¢ mirc 98%
sau 7 ngay [88]. Khi ting pH; tir 11 1én 12, ; ting chim lai va hau nhu duy tri 6n
dinh. Hién twong nay 1 do su gia ting khong dang ké cuia NH3 & pH; 11 so véi 12
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[163]. Viduy, & tbc d6 12 900 rpm, gia tri n tdng nhe tr 44,1 1én 44,9 khi do pH tang
tir 11 1én 12. Tuy nhién, d6i v6i quy trinh sir dung thap stripping, pH 12 duoc wu tién
hon pH 11 dé lién tuc duy tri pH & mirc can thiét trong mot thoi gian dai tuan hoan vi

do pH c6 xu hudng gidm khi NHj3 bi loai bo khoi dung dich [80, 88].
b, Anh hwéng ciia toc dp quay o

Anh hudng cta toc d6 quay (o) dén hiéu suét stripping (), hé s6 chuyén khoi
téng quat pha 16ng (Kra) va chiéu cao don vi chuyén khéi tong quat (HTUor) trong thi
nghiém stripping amoni tai Qa/Qr = 855 dugc trinh bay trong Hinh 3.2. Két qua cho
thdy rang khi o ting, 5 cling duoc cai thién doi véi cac diéu kién pH khac nhau tir 9 —
12. Tuy nhién, mirc d0 cai thién cta 5 phu thudc vao pH ban dau. Cu thé, ¢ pHi =9,
hiéu suat stripping chi ting nhe tir 3,0% lén 7,4% khi © ting tir 300 1én 1200 rpm
(Hinh 3.2a). Trong khi d6, mirc do cai thién 1 rét hon & pH cao hon. O pHi = 10,
tang hon hai 1an tir 17,2% 1én 38,0% khi o tang tir 300 1én 900 rpm. Xu hudng ting
gap d6i nay cling duoc quan sat & pH 11 va 12 khi 1 ting tir khodng 25% 1én 50%.

60

()
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1 (%)

0 1 1 1
0 300 600 900 1200 1500

—o—pHi=9 Mgy

—A—pHi= 11 —o—pHi = 12
200
0.0035 s ©
0.003 160 |
0.0025
W 0002 g 120
5 0.0015 + 3 80
- =
0.001 =
0.0005
e—"e—0—=0 %
0 0 :
0 300 600 900 1200 1500 0 300 600 900 1200 1500
® (rpm) o (rpm) _
—6—pHi=9 —B-pHi=10 —©—pHi=9  —8—pHi=10
—A—pHi=11 —o—pHi=12 —A—pHi=11 —¢—pHi=12

Hinh 3.2. Anh hudng cua téc d6 vong quay dén (a) hiéu qua xir Iy NHs, (b) Kra va
(c) HTUor tai Qa/Qr = 855, QL = 0,1 L/min, Cri = 1000 mg/L, ® = 600 rpm
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Anh hudng ctia  hé s6 Kra rd rét hon so v6i anh huong dén # (Hinh 3.2b).
Tuong ty nhu 7, ® cao giup ting cudng dang ké qua trinh chuyén khdi trong hé théng
HP2R. O pH 11 va 12, Kra gan nhu ting ba 1an tir 0,0009 s~ 1én 0,0029 s~ khi t @
tang tir 300 1én 1200 rpm. K&t qua nay thap hon khong dang ké so v6i hé sé chuyén
khéi trong qua trinh stripping amoni str dung thiét bj HiGee c6 dém nim ngang &
1200 rpm (0,00492 s7') cuia Yuan va cong su [129]. Xu hudng cua HTUoL nguoc lai
v6i xu huéng cua 7 va Kra (Hinh 3.2¢). HTUoL thudng duoc sit dung dé danh gia
mirc d6 kho stripping va so sanh hi¢u suat ctia ¢t dém. Khi o tang tir 300 1én 1200
rpm, gia tri HTUoL giam tir 13,85 cm xuéng con 4,25 cm ¢ pH 11 (Hinh 3.2¢). Két
qua nay cho thay rang o cao hon 13 yéu té chinh giup ting hiéu qua chuyén khdi trong

thé tich dém han ché.

Viéc tang 7 va Kra 1a két qua cua sy gia ting gia toc ly tAm ciia dong chay chat
1ong trong 16p dém, tao ra cac cau hinh dong chay dic biét [118]. Cac giot micro va
dong chay mang mong ciia chét 1ong gitip tao ra dién tich tiép xtc 16n hon véi dong
khi dbi luu, tir d6 ting cudng su giai hap NH; tir nude thai. @ cao hon con gitp 6n
dinh sy phan bd chat 16ng trong 16p dém, duoc phan 4nh qua giam dan cua do sai so

két qua # khi téc d6 quay ting (Hinh 3.2a).
¢, Anh hwéng ciia ty 18 Qc/OL

Sau khi thu dugc két qua vé anh hudng ciia pH ban dau va téc do quay, anh
huong cua ty 18 Qa/Qr dugc nghién cru & pH; = 12 nham dam bao toan bo thanh phan
NH4" duoc chuyén héa hoan thanh thanh NH3, gitip danh gia chinh x4c hon vé hiéu
suét stripping va kha nang chuyén khéi. Hinh 3.3 trinh bay anh hudng cua ty 16 Qa/Qr
dén # tai bon tdc d6 vong quay khac nhau véi pHi = 12 va QL = 0,10 L/phut. Két qua
cho thay rd rang rang ty 16 Qa/Qr cao hon gitip 7 & tit ca cac muc téc dd quay. Gia
tri # ting ddng ké hon 1,5 lan, tir 44,1% 1én 73,9%, khi ty 1¢ Qc/QL ting tir 854 1én
3052 tai @ = 900 rpm (Hinh 3.3a). Sy cai thién nay do lugng khi sach cép vao hé
théng nhiéu hon, tao diéu kién thuén loi cho nhiéu phan tir NHs chuyén sang pha khi.
Tuy nhién, sy cai thién ciia hé s Kra khi ting Qa/Qr 13 khong dang ké so v6i khao
sat vo1 o. Kra chi tang khoang 0,0015 s7! khi Qc/QL tang tir 854 1én 3052 tai © =
1200 rpm (Hinh 3.3b). Tuong tu, so voi anh hudng clia o, sy gidm cia HTUoL cling

dién ra voi tbe do cham hon nhiéu khi Qo/QL ting (Hinh 3.3c).
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Hinh 3.3. Anh hudng cua ty 18 Qa/Qu t6i (a) hiéu qua xu Iy NH3, (b) Kra va (c)
HTUor tai Qg = 0,10 L/phut va pH; =12

Két qua nay cho thiy o dong vai trd quan trong hon so voi Qa/QL trong viée cai

thién qua trinh chuyén khdi va hiéu suat stripping cua thiét bi HP2R. Viet va cong sy
(2020) ciing da phét hién diéu twong ty khi cho rang gid tri Kia du doan tir cac nhom
khong thir nguyén bi anh huong khong dang ké tir hé sé Reynolds pha khi (Reg) [130].

d, Anh hwéng ciia cdc chu ky stripping

Trong quy trinh stripping xtr Iy amoni tai cac tram xu 1y, nudc thai dugc nang
pH va dua vé bé chira phuc vu cho qua trinh stripping tuan hoan tai cac don vi thap
stripping. Cong doan nay thudng duoc trang bi dbi véi cac tram xir Iy nudc ri bai
chén l4p, nude thai chan nudi hodc mot s nganh cong nghiép [77]. Muc dich cta qua
trinh nay 1a giam luong TN xuéng ngudng thich hop (khoang dudi 300 mg/L) nham
dam bao su 6n dinh cua cac cong doan xir Iy sinh hoc tiép theo [73]. Trong thi nghiém
stripping theo chu ky, diéu kién van hanh ciia HP2R dugc chon & @ = 900 rpm, ty 1¢
Qa/Qr = 3054, QL = 0,10 L/phut. ® = 900 rpm duoc chon thay vi 1200 rpm dé mb

phong diéu kién van hanh véi tiéu thu nang luwong tdi wu va tranh ma sat vong bi trong
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thuc té. Cac gia tri pH; duoc chon & ba ngudng 10, 11 va 12 dé so sanh, xac dinh diéu

kién pH t6i wu. Két qua cua thi nghiém nay duoc trinh bay trong Hinh 3.4.

100

N ./o———o
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pHi
Ist cycle 2nd cycle —@— Total

Hinh 3.4. Két qua stripping amoni theo chu ki Qa/Qr = 3054, ® = 900 rpm, va
CLi = 1000 mg/L

Anh huéng cua viée ting pH tir 10 1én 12 1a khong dang ké. Tong gia tri 1 1a
tir 83,80 % dén 92,69 % tuong ung voi pH; 1a 10 va 12 (Hinh 3.4). Hiéu suat
stripping ctia chu ky 2 ludn thap hon chu ky 1 & ca ba mirc pHi. Sy khic nhau giira
gia tri # & hai chu ky lién quan dén viéc pH cua nude thai bi giam sau mdi chu ky

stripping (Bang 3.1).

Bang 3.1. Thong s6 va két qua thi nghiém stripping amoni theo chu ky

1% cycle 2" eycle Tong
Cui Q¢ Q. pH;

(mg/L) (L/min) (L/min) (-)

Co pHo 7 Cuo pHo 7 n

(mg/L) () (%) (mg/L) () (%) (%)

1000 3052 0,10 10 390 9,64 61,0 162 8,92 58,46 83,0
1000 3052 0,00 11 275 10,45 72,5 82,2 9,82 70,11 91,78
1000 3052 0,00 12 251 11,67 749 73,1 11,20 70,88 92,69

Nong @6 NH3-N cudi cling sau 2 chu ky stripping lan luot 1a 162, 82,2 va 73,1
mg/L & pH; ban dau 1a 10, 11 va 12. Mic di ndng d6 NH3-N trong nude thai dau ra
chua dat ngudng cho phép ciia cac quy chuan xa thai, gia tri nay da dat ngudng thich
hop dé nude thai cé thé xir Iy bang cac cong doan bac 2 va bac 3 [73]. Tuy nhién, can
can nhic hiéu qua xu ly nhanh va sy 6n dinh trong van hanh vi mot thoi gian dai van

hanh lién tuc & tc do quay cao tir 900 dén 1200 vong/phut c6 thé giy qua nhiét vong
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bi do ma sat. Hién twong nay khong dugc dé cap trong cac nghién ctru trude dy vé

st dung thiét bi HiGee c6 dém quay ndm ngang [128, 129, 153].

Tiéu két muc 3.1.1: Két qua thi nghiém trén da thé hién hiéu qua stripping

NH;-N tir nude thai mo phong. Két qua cho thay pH trén 10 giup ting dang ké hiéu
sudt loai bé amoni. Tang toc do quay (@ = 900 - 1200) va ty 1& luu lwong khi/long
tang déu 1am cai thién hiéu sut, trong do tbc do quay cao con nang manh h¢ sb
chuyén khéi thé tich tong (Kra) va giam chiéu cao don vi truyén khdi (HTUoL). Thi
nghiém theo chu ky cho thdy thém mot chu ky stripping giup nang tong hiéu suit 1én
83,0-92,69% (twong ung giam noéng d6 NH3-N tir 1000 ppm xuéng 162—73,1 ppm)
khi pHi tir 10—12. Két qua chirng minh HP2R 14 giai phap tiém ning cho xir 1y héa ly
so cap trudc cong doan xtr 1y sinh hoc. Trong thi nghiém tiép theo véi nude thai chin
nudi, toc 46 QG/QL s& duoc lua chon & dai cao hon, do pH lugc bo mue pH; =9, gitr

nguyén dai o tir 300 — 1200 va bd sung khao sat anh huong cua luu lugng nude thai.

3.1.2. Két qui khzo szt stripping amoni bang thiét bi HP2R voi nudie thai chin nuéi
Tuong tu v6i nude thai md phong, cac yéu td anh hudng nhu pHi, o, ti 16
Qc/Qr s& dugc khao sat trong thi nghi€ém véi nudce thai chan nuoéi. Tuy nhién, khac
v6i thi nghiém & nude thai mé phong, mirc pH; = 9 s& duoc luge bo. Thanh phan TSS
trong nudc thai chan nudi sau khi nang pH s€ phtrc tap hon vdi nude thai mo phdng.
Do d6, ® van s& duoc khdo sat t&i 1200 rpm du trude d6 da ghi nhan hidu qua khong
qué chénh 1éch vo1 900 rpm tai nudc thai mo phong. Ti 1€ Qc/Qr s€ dugce khao sat &
dai dao dong Qg 16n hon so véi nudc thai moé phédng. Hon nita, anh hudng cua viéc
thay d6i Qv tir 0,05 t6i 0,2 L/pht dudi diéu kién QG cd dinh ciing s& dugc khao sat
v6i nude thai chan nudi.
a, Anh hwéng ciia pH;

Anh hudng cta d6 pHi t6i hiéu suét stripping NH3-N duoc thé hién trong Hinh
3.5. Cac két qua thi nghiém cho thiy rang pH; c6 anh huong dang ké dén hiéu suat
stripping (17). Cu thé, # ting tir 28,92% 1én 39,18% khi pHi ting tir 10 1én 11. Két qua
nay tham chi con cao hon so vai két qua tir nude thai tong hop (17,20% lén 27,40%)
trong nghién ctru trude ddy ¢ mot chu trinh quay twong tu toc d6 300 rpm. Diéu nay
c6 thé dugc giai thich 1a do Qg (216 L/phut) trong thi nghiém nay cao hon so véi Qg
(85 L/phut) ctia thi nghiém nuéc thai tong hgp. Theo so dd phan bd NH; trong moi
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trudng nudc cua Jiang va cdng su (2015), ty 1€ NH3 trong dung dich tang tir 40% &
pH 9 1én 80% & pH 10, do d6 gan nhu 100% & pH 11 [163]. Tuy nhién, ty 1¢ NH3 hau
nhu khong thay dbi gitta pH 11 va 12. Diéu d6 giai thich sy khac biét khong dang ké
gitta 7 6 pH 11 (39,18%) va pH 12 (40,45%).

50 T
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Hinh 3.5. Anh huong ctia pH; dén hiéu qua stripping amoni tir nude thai chin nuéi
(Qc =216 L/phut, QL = 0.10 L/phtt, ® = 300 rpm, Cr; = 657 mg/L)

Diéu chinh pH cua nudc thai 1én trén 11 duoc cho 13 tdi wu dé stripping NH;
trong cac nghién ctru trude day sir dung thiét bi dang cot [80, 88]. Bonmati va Flotas
(2003) da ghi nhéan sy cai thién dang ké trong viéc stripping NH; khi diéu chinh pH
nude thai chian nudi lon 13n phan dugc dén pH 11 so v6i miu khong diéu chinh [80].
Dbi voi nude thai chin nudi, trong nude thai sau stripping c6 thé thdy chat ran két tia
& pHi = 11 va 12. Piéu nay khong duoc phat hién trong khao sat v6i nudc thai mo
phong. Hién twong nay co thé 1a sy dong két tia mot phan cia chat ran lo lang sau khi
diéu chinh pH va hinh hanh ctia mubi cacbonat tir thanh phan khoang (k¥ hiéu M™) c6

san trong nudc thai chin nudi vai khi CO, va theo phuong trinh (3.1) va (3.2):
M™ +nOH™ - M(OH), { (3.1)
M™ + H,0 + CO, » M,(C0O3), L +2H* (3.2)

b, Anh hwéng cia toc dp quay o

Anh huéng cta o 16n 5 va Kra cta qué trinh stripping NH; tir nude hai chin
nuodi lon béng thiét bi HP2R duoc thé hién trong Hinh 3.6. Thi nghiém nay dugc thuc
hién tai pH; = 11, Qg = 216 L/phut va Q. = 0,10 L/phut. Két qua cho thay # ting manh
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tir 39,18% 1én 53,02% khi o ting tir 300 rpm thanh 600 rpm. Gia tri 5 tiép tuc ting
nhung cham hon dén, dat 58,45% va 62,77% tai ® = 900 rpm va 1200 rpm. Dbi vai
thap stripping, hiéu qua stripping chi c¢6 thé dugc cai thién bang cach ting Qa/QL, cu
thé 1a ting luong Qg hodc kéo dai thoi gian tudn hoan ctia nude thai [156]. Tuy nhién,
vu diém cua thiét bi HP2R 13 5 cling c6 thé dugc cai thién dang ké bang cach ting tdc
d6 quay. Cu thé, Kya ting tir 0,0012 s dén 0,0027 s™! khi o ting twong tng tir 300
rpm 1én 1200 rpm.

70 T 0.0030
60 - 0.0025
~350 1 %, 0.0020
< s
=40 J0.0015
30 0.0010
20 15 0.0005 o
300 900 0 300 600 900 1200 1500
® (rpm) ® (rpm)
Hinh 3.6. Anh hudng cua o dén n va Kra cua qua trinh stripping NH3 t nudce thai
chdn nuoi

(Qg =216 L/phut, Qu = 0.10 L/phut, pH; = 11, Cr; = 657 mg/L)
O téc do quay cao hon, su va cham giita chat 1ong va 16p dém dudi gia toc ly
tam 16n da tao ra cac dang dong chay dac bi¢t cua nudc thai [118]. O tdc dd ® 900
dén 1200 rpm, mo hinh dong chay chuyén tir dang giot sang dang mang méong lam
tang dién tich bé mit cua chit 1ong tiép xuc voi dong khi. Hiéu Gmg nay ciing dugc
ghi nhdn trong qua trinh loai bé amoniac trong nudc thai tong hop duoc bao cao bai
Yuan va cong su (2016) [128, 129]. Hai ngudng toc do nay dugc lua chon cho cac

khao sat tiép theo.

¢, Anh hwéng ciia ty 1¢ Q/01
Anh huéng cua ti 16 Qa/Qr téi 7 va Kra cia qué trinh stripping NH; tir nuée
thai chin nudi dugc trinh bay trong Hinh 3.7. Két qua chi ra rang viéc tang luu lugng
khi méi vao hé thong di ting cudng 7 va Kia clia qua trinh stripping NH3 khoi nudc
thai chan nuéi cia HP2R ¢ ca hai mirc o. 7 ting dang ké tir khoang 45% 18n 75% khi
ti 16 Qo/Qq tang tir 1160 1én 4150. Tuong ty nhu #, sy ting cudng chuyén khéi cia

qua trinh stripping NH; tir nude thai chian nudi ciing duoc ghi nhan khi Kia ting gan
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hai 1an tir 0,0020 s™! 1én 0,0038 s™'. Sy cai thién cua 7 va Kra giita o ctiia 900 rpm va
1200 rpm 1a khong dang ké (1 tang tir 4 &én 6%) (Kra tang 0,0003 dén 0,0005 s™).

100 0.0045
—A— At 1200 rpm
0.0040
90 r —6—At900 rpm
0.0035
80
~ —: 0.0030
=R %, 0.0025
= I:Z] .
60 T 0.0020 |
—A— At 1200 rpm
50 F 0.0015
—6— At 900 rpm
40 : : ' 0.0010 ' L -
500 1500 2500 3500 4500 500 1500 2500 3500 4500
Qa/QL Qa/QL

Hinh 3.7. Anh huong cua Qa/QL dén n va Kia ctia qua trinh stripping NH; tir nue thai
chan nuodi
(QL=0,10 L/phut, pH; = 11, Cri = 657 mg/L)

Tac dong tuong tu cia Qg ddi voi # tir nude ri bii chon 1ap di dugc ghi lai
trong két qua cua Ferraz va cong su (2013) [156]. Céc tac gia dd bao cao rang Qg =
4500 L/h giup dat duoc hidu qua xt Iy gan 99% sau 24 gio véi Kra 12 0,18 h™! trong
khi phai mét 12 ngay dé dat mic n tuong tu chi véi 0,0154 h! ctia Kra. So véi qua
trinh stripping NH3-N tir nudc thai mo phong, Kra la 0,0032 s dat duoc ¢ ty 1€ Qa/Qr
= 2910 cao hon so v&i két qua ctia nude thai mé phong & phan trude va so v6i Yuan
va cong su (2016) [128] sir dung thiét bi HiGee dang dém niam ngang. Ham luong
chét ran lo ling trong nudc thai chin nudi cao hon so voi nudc thai tong hop. Do do,
6 thé can mot luong khi céip vao nhiéu hon dé dat duoc Kra tuong duong do thanh
phan nay c6 thé tich ty trén bé mat dém lam anh hudng téi kha nang tiép xuc cta hai

pha khi-16ng.
d, Anh hwéng ciia lwu lwong nwéc thai Q1

Anh hudng cta luu lugng nude thai chin nudi dbi véi n va Kia tai Qg = 216
L/phiit duge trinh bay trong Hinh 3.4. Két qua chi ra rang ca 5 va Kra déu phu thudc
dang ké vao su thay d6i cuia Qv tir 0,05 dén 0,20 L/phut. Pbi véi hiu qua xir 1y 7, QL
tang tir 0,05 L/phat dén 0,20 L/phut 1am suy giam 1 tir 70% xudng 35% & ca hai muc
® =900 va 1200 rpm. Qv cao hon lam ting tai lugng nudc thai, gidm ty 1é Qs/Qr dan
dén 7 thap hon.
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Hinh 3.8. Anh huong cua Qu dén # va Kra cua qua trinh stripping NH3 tir nude thai
chdn nuoi
(Qc =216 L/phut, pHi =11, ® =900 rpm va 1200 rpm, Cr; = 657 mg/L)

Viét va cong su. (2021) cling thao luan rang luu luong nude 16n hon ¢ thé
gy ra sy x4o tron phan bd chit 1ong bén trong 16p dém dan dén qua trinh stripping
khong on dinh [130]. Nguyén va cong su. (2016) ciing tuyén bo rang hé qua cua luu
luong nudc thai 16n hon 1a 1am giam thoi gian luu chat 16ng va hé sd stripping, dan
dén 5 suy giam [128]. Nguoc lai, hiéu qua truyén khdi c6 xu hudng ting 1én khi ting
Iru luong nudc thai. Cu thé, khi Qr tang tir 0,05 1én 0,20 L/phut, gia tri Kra ting
manh tir 0,0014 s 1én 0,0022 s! tai 900 rpm va 0,0016 s 1én 0,0026 s tai 1200
rpm. Mic di Qv cao hon lam giam #, nhung téc d6 chuyén khéi thuc té khoi pha 1ong
theo thoi gian c6 thé duoc cai thién dang ké do tong khdi lwgng NH3-N dugc chuyén
vao pha khi trén mot don vi thoi gian s€ cao hon. Sy khéc bi¢t xu huéng gitra # va
Kra cho thay rang viéc liwa chon diéu kién van hanh, dic biét 13 luu luong nude (Qr)
rat quan trong khi van hanh thuc té. Gia tri Kra cao hon con phan anh thoi gian can
thiét cho tuan hoan nuéc thai ngén hon trong mét don vi thiét bi HP2R. Hon nira,
ndng do amoni cao hon trong pha khi cting véi luu lugng khi thich hop c6 thé duoc

toi wu cho qué trinh thu héi amoni.
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Bdng 3.2. So sanh cic phuong phap xir Iy NH3-N ndng d6 cao trong nudc thai chin nudi lon

Loai nuwéc Cui Kich thwéc Diéu ki¢n thi nghi¢m
Phwong phap L. NH;-N A,y - M (%) Kira TLTK
thai (mg/L) thietbi  HRT  Héachat Tu Qc/0
(h)  phutrg (°C) <<
Nube thi d=16,6 cm NaOH
a
ywocthal  co0 L 101 Zg=39cm  ~14s 30 4150 7329 11,88 h’
chan nudi lon Ve 0774 L pH=11
Stripping str dung B=0, Ao
HP2R - d=16.6 cm O Nghién ctru nay
a
Nuoe that 5004 100 Zg=3.9em  ~14s 30 3052 749  1692h
tong hop pH=12
Ve=0,774 L

Stripping stt dung Nudc thai _ N NaOH pH = 4 Yuan vacong
RPB t6ng hop 1000 V=04L  ~4s " 30 1600 69 1332 s [128]
Stripping sirdyng - Nudcthai 0\ ¢ 51 26ah NaOHpH=9 55 . 9701 0297p1 CRovacongsu
hé phun gia nhiét chan nuéi lon be P ' ’ [164]
8.8¢
3,39 g/kg 4h ?Ph/) 1,2 bt
) an A .

. . Nudc thai han tyoi d=5cm N NaOH twoi (Phén twoi)  Bonmati va
Stripping sit dung (o0, @ ) h_975cm (hédo  Na 80 75 o) 083k Flotats (2003)
thiét bi cft tiep xac ~— . 3,68 g/kg tuan pH=12 96%

lan phan . V=1913L . (Nude [80]
(sau ki khi) ’ hoan) (Nudce ,
» thai)
thai)
Kt tita struvite | Nude thi B2 ohin ¢ Vay magie - -
€t tua struvite uoc thai € phan ung _ _ 0 ) uang va cong
dién héa chan nuéi lon 72021 1L 2h - HCINaOH 90% su (2016) [165]

pH=9
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Bang 3.2 trinh bay su so sanh vé hiéu suét loai bd amoni tir nudc thai chin nuéi
lon va cac nghién ciru trude d6. Cac phuong phap dugce dé cap bao gdm phwong phap
tach amoni bang stripping va két tia struvite 13 hai phwong phép phu hop dé loai bo va
thu hdi amoni tir dong thai c¢6 ndng do cao. O ty 1& Qa/QL cao hon, khoang 4150, gia tri 5
ctia nghién ctru nay (73,29%) tuong dwong véi hiéu suat cia qua trinh stripping tir nudc
thai tong hop [128]. Két qua nay cho thdy mot luong khong khi 16n hon 13 can thiét dé
loai bé amoni tir nude thai c6 chura tap chét rdn nhu nude thai chan nudi lon hodc tham
chi phan lon tuoi. So véi thap stripping truyén thong, thiét bi HP2R c¢6 gia tri Kia vuot
troi dang ké (11,88 h'), cao hon gap 10 1an so véi cdt co kich thudc 16n hon (0,83 h)
ctia Bonmati va Flotats (2003) [80]. Két qua thu dugc tham chi tot hon hé théng phun gia
nhiét tién tién ctia Cao va cong su trong qua trinh loai bo amoni tir nudc thai chan nuoi
lon (Kra = 0,297 h™') [164]. Méc du gid tri # cua nude thai chan nuoi khi stripping voi
HP2R thap hon so véi phuong phap két tia struvite dién hoa cia Huang va cong su (2016)
[165]. Nhung trong tng dung thuc té, hiéu suit 5 bang phuong phép stripping véi HP2R
6 thé dugc cai thién nho tang thoi gian luu (HRT) v6i lugng hoa chat tidu thy thap va

qua trinh van hanh don gian hon nhi€u lan.

Tiéu két muc 3.1.2: Thi nghiém trén di danh gia hiéu qua stripping NH3-N tir

nude thai chin nudi lon sau biogas bang cong nghé stripping sir dung thiét bi HP2R. Hiéu
sudt stripping (17) dao dong 33-78% véi pHi = 11, tbc d6 quay 900—1200 rpm. Hé s6
chuyén (Kra) dat 5,04-13,68 h™!, cao hon so véi thap dém truyén thong (1,2 h™") va hé
thong phun gia nhiét (0,297 h™"). Nudc thai chan nudi yéu cau luu lwong khi cip 16n hon
so v6i nudc thai mo phong dé dat hiéu sudt stripping va hé sd chuyén khéi tuong tu. O
pH cao, phat hién mudi carbonate va chat ran dong két tiia co nguy co giy tic nghén,

nhung hé théng co thé loai bo cin ban d& dang khi van hanh & toc do quay >900 rpm.
3.1.3. Két qud khdo st stripping amoni bang thiét bi HP2R véi nwéc ri ric

Tuong ty vo1 nude thai chan nuoi, cac yéu t6 anh huong nhu pHi, o, ti I¢ Qa/Qr,
QL s€& dugc khao sat trong thi nghiém v4i nude ri rdc. Tuy nhién, cadc ngudng pHi s€
duoc lya chon khu tri dé tim ra ngudng t8i wu hon tir 9,5 dén 11,5. Tuong ty nhu nudc
thai chan nudi, thinh phan TSS va cac tap chét ran ¢ thé hinh thanh trudc va trong qua
trinh stripping, ® van s& duoc khao sat téi 1200 rpm. Do ting ty 1& Qs/Qr & thi nghiém
nuée thai chin nudi khéng dem lai nhiéu hiéu qua, do d6, ngudng Qa/Qr thip hon s&

duogc khao sat voi nude ri rac. Bén canh do, do nong d6 NH3-N trong nude ri rac cao hon
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s0 v6i nude thai mo phong, sd vong tuan hoan stripping dugc khao sat s& ting 1én 5 vong
s0 v&i 3 vong. Vi nudc ri rac dugc xac dinh la dbi tuong nudce thai chira néng do amoni
rat cao, lugng phat sinh 16n va dang gay nhiéu khé khan cho cc hé thong stripping hién
hiru tai cac co s xur ly nudce thai, cac thong s6 van hanh cua thiét bi HP2R s& duoc khao
sat toan dién hon nham phuc vu tinh toan hiéu suét du doan di v6i ddi turong nay dé xac

dinh tiém ning tmg dung cua cong nghé trén thuc té.
a, Anh hwéng ciia pH;

Anh huéng cua diéu kién pH; cua nuée ri rac dén qua trinh stripping amoni bang
thiét bi HP2R duoc trinh bay trong Hinh 3.9. Anh hudng cta diéu kién pH; cua nudc ri
rac dén qua trinh stripping amoni bang thiét bi HP2R duoc trinh bay trong Hinh 3.9. O
diéu kién van hanh khong d6i Qa/QL = 1420 va ® = 600 rpm, # cla qué trinh stripping
NH;-N tir nude ri rac ting dang ké tir 4,86% 1én 41,95% khi pH; thay d6i tir 8,5 1én 11,5.
Xu huéng ting cling tuong tu (3,15% dén 29,76%) dugc ghi nhan ¢ mic Qa/Qr = 762.
Mirc ting dang cha ¥ cua n (3,15% dén 23,39% va 4,86% dén 29,32%) dugc ghi nhin
trong khoang pH; tir 8,5 dén 9,5 cho ca hai Qa/Qr lan luot 1 762 va 1420.
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Hinh 3.9. Anh huong ciia pH; dén hiéu qua stripping NH3-N tir nudc ri rc
(CLi = 1399 mg/L, QL = 0.1 L/phut, ® = 600 rpm).

Day 1a hé qua cta sy chuyén dich NH; theo cip sd mil trong cic mau nude ri rac
0 d0 pH cao hon. Sy hinh thanh theo ham mi gﬁn dat dén su can bﬁng 6pH10,5vall,s
khi 7 dan dan cham ngudng 40,16 % va 41,95 %. Tac dung twong tu cua pH d6i v6i qua
trinh loai bd NH3-N dd duoc cong nhan rd rang trong cac nghién ctru trude day bang

cach sir dung thap stripping d6i véi nude thai tong hop va nudc thai thuc té [86, 88,
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156]. Két qua khao sat tai d6i v6i nuéc thai mo phong cho thay pH; toi wu 1a trén 11.
Tuy nhién, & diéu kién stripping tuong tu © = 600 va Qa/Qr 14 762 st dung cung thiét
bi HP2R, gia tri nj cua mau nudce ri rac bai chon léip o pHi 11,5 (29,76 %) thép hon mot
chut so voi két qua trude d6 ctia mau nude mo phong tai pH 11 (38,70 %). Haslina va
cong su. (2021) giai thich rang dic tinh phtic tap ciia nude ri rac c6 thé 1a yéu tb khién
hiéu qua xir Iy NH3-N thap hon so v6i nude thai mé phong [166]. Ngoai ra, cac tinh thé
két tia duoc phét hién trong cac mau nudc ri rac dau ra ¢ pHi tr 9,5 dén 11,5. Sy hinh
thanh mubi cacbonat tir cac hydroxit kim loai (theo phuong trinh 3.1 va 3.2) hién c6
trong cac mau nudc ri rac sau qua trinh stripping c6 thé 1a nguyén nhan cua hién tuong
nay [167]. Cac mudi cacbonat két tia nay co thé tich tu mot phan trén bé mit ludi thép,
dan dén bé mat tiép xtc v4i chat long-khi thap hon so voi bé mit cia nude thai tong

hop, va do d6 lam giam gia tri 5 ctia qua trinh stripping NH3 trong cac mau nudc ri rac.
b, Anh hwong ciia toc dj quay o

Hinh 3.10 mé ta sy phu thudc cua 7 va Kra vao o ¢ diéu kién van hanh Qg =
142 L/phut, QL = 0,1 L/phiit va pH; tir 9,5 dén 11,5. Trong thi nghiém nay, pHi = 8,5
duoc luge bo do hidu qua xir stripping 1a khong dang ké. Tuong tu nhu két qua thu
duoc & cac phan trude voi nude thai mé phong va nudce thai chin nudi,  va Kra cia
qua trinh stripping NH3-N tir nude ri ric c6 xu hudng ting 1én khi téc d6 quay thay
d6i tir 300 dén 1200 rpm & ca ba muirc pHi. Pic biét, & pH; =11,5, gia tri 5 ting xap xi
hai lan (tir 28,78% 1én 55,53 %) va Kra ting ba lan (tir 0,0008 s' 1én 0,0024 s) khi
thay doi tir 300 dén 1200 rpm.
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Hinh 3.10. Anh hudng cia o dén n va Kia cta qué trinh stripping NH3-N tir nudc ri rac
(CLi= 1399 mg/L,Qc = 142 L/phut, QL = 0.1 L/phtt)
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Tac dong tich cuc cua tbe dd quay dbi voi qua trinh stripping NH; 1a két qua cia
Irc ly tAm ting cudng tao diéu kién cho dong chdy mang va dong chay giot nho hinh
thanh doc theo bé mat dém [118]. Do dé, bé mat tiép xtc giita hai pha long-khi duoc cai
thién gitip ting cuong Kra & pH; 1a 11, diéu ndy dd duoc thao ludn toan dién boi Yuan
va cong su (2016) [128, 129]. Trong nghién ciru ndy, téc d6 quay cao hon tham chi con
c6 thé cai thién 5 va Kra ¢ pH thap nhu 9,5. O pH; 12 9,5, ) tang tir 22,10 % 1én 38,31%
trong khi Kra ting gap doi tir 0,0006 s 1én 0,0013 s™'. Can luu y rang ham luong chat
ran trong cic miu nude ri rac ddu ra c6 phan nhiéu hon hon trong miu ¢ téc do quay
trén 900 rpm. Tt do, co thé ghi nhan mot loi ich khac cua o cao hon l1a kha nang loai bo
can ban ran ra khoi vat liéu dém giup tranh dugc hién tuong tac nghén nao trong qua

trinh van hanh.

Thong thudng, d6 pH; can thiét cho nudce thai trude khi stripping NH3-N phai dat
it nhat 1a 11 dé dam bao ty 18 NH; tdi da cho qua trinh stripping [88, 128, 129, 156]. Tuy
nhién, trong van hanh thuc té, viéc diéu chinh pH vé 11 cho mét lugng 16n nude thai
nhu nha may xir Iy nudc ri rac s& 14 ganh nang kinh té cho chu dau tu do tiéu thu hoa
chét 16n. Tuy nhién, & thong s6 van hanh khong ddi 13 Qg = 1420 L/phat, QL = 0,1
L/phat va o 1a 900 rpm, # cua qud trinh stripping NH3-N tir nudc ri rdc c6 pHi ¢ 9,5
(36,02 %) gan nhu twong duong vai hiu suat cia loai bo NH; tir nudc thai mo phong &
pH = 10,8 (40%) st dung thap stripping sau 1 gio [86]. Kra tuong ung & pHi = 9,5 va ®
= 900 rpm ctia qua trinh stripping trong thi nghiém nay (0,0012 s!) thAm chi con cao
gap 10 1an so v6i Kra thu duoc boi Ferraz va cong su (2014) & pH 11,5 (0,0001 s)
[156]. Do d6, sy thiéu hut hoa chét hodc han ché cta Qg trong qua trinh stripping NHs-
N tir nuée ri rac & quy mo thuc té c¢6 thé duoc bu dap bang cach ting toc dd quay cia

thiét bi HP2R dé dam bao hiéu qua loai b6 mong mudn.
¢, Anh hwéng ciia ty 1¢ Q/01

Két qua khao sat anh hudng cua ti 18 Qa/Qu tai Qu = 0,1 L/phat t6i hiéu suat
stripping va hé s6 chuyén khoi tong quat dugc thé hién trong Hinh 3.11. V&i luu luong
nuée ri rac (Qr) khong ddi 1a 0,10 L/phut, viée ting ty 16 Qa/Qu gitp cai thién dang ké
hiéu sut xtr Iy amoni (17) va hé sd truyén khéi (Kra) ¢ cac diéu kién toc do quay (o) va
pH ban dau (pH;) khac nhau. O pHi = 11,5 va ® = 900 rpm, # ting manh tir 35,4 £ 3,9%
1én 62,8 + 3,4% khi ty 16 Qa/Qv ting tir 762 1én 2722 (Hinh 3.11c). Pdng thoi, Kia ciing
gin nhu ting gép doi (tir 0,0014 + 3,0 x10 5! 1én 0,0026 + 2,8x10 s!) (Hinh 3.11f).
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Tac dong tich cuc cua vi¢c tang luu lugng khi 1én qua trinh stripping NH3 cling da duoc
Ferraz va cong sy (2013) ghi nhan khi st dung thap stripping c6 quy mé pilot [156].
Nghién ctru ndy cho thiy rang véi Qg = 4500 L/h (Qa/Qr = 150), hiéu sut loai bd amoni
dat 97% (Kra= 0,18 h') sau 20 gid, trong khi phai mat 12 ngay (Kra=0,0154 h'') dé dat
hiéu suét tuong ty v6i Qg = 1600 L/h (Qa/QL = 53) [156]. Yuan va cong sy (2016) ciing
ghi nhdn su gia ting hiéu suét stripping amoni tir 36.8% (Kra = 0,00188 s!) 1én 76,0%
(Kra=0,00473 s!) khi ty 1€ Qa/Qv tang tir 600 1én 1800 ¢ pHi = 11 va ® = 900 rpm trong
qua trinh xr Iy nude thai moé phong bang thiét bi HiGee [129]. Su thay di cua 7 va Kia
& timg muc pHi cling duoc mo hinh du doan thé hién rd rang (dudng dut nét) tinh toan tir
phuong trinh (2.13) va (2.14). Viéc tang Qc/QL gitp tang hi¢u qua stripping amoni do
luong khong khi sach cap vao 16n hon, 1am ting hé s stripping va thuc day toc do chuyén
NH3-N vao pha khi. Ngoai ra, ty 1€ Qc/QL cao hon gitp giam thoi gian luu cua pha khi-
long, 1am tang téc do 1am moi bé mat tiép xuc, tir d6 tang cudng chuyén khdi trong qua
trinh stripping [128]. Hiéu tng tuong tu cling dugc ghi nhan trong nghién curu stripping
ClO; ctia Viét va cong su (2021), khi Kya ting tir 0,0085 1én 0,010 s v&i Qa/Qv thay doi
tir 1000 1én 10000 [130]. Tuy nhién, ngay ca véi ty 16 Qa/QL cao (2722), hiéu suat
stripping véi nude ri rac (n = 62,8%, Kia = 0,0027 s™) van thip hon khong dang ké so
v6i khao sat d6i véi nude thai tong hop (n = 65,6%, Kra = 0,0030 s™) & mirc Qa/Qr thap
hon (2130). Tc d6 quay cao giup loai bo nhanh chéng cac chit rin ra khoi dém, nhung
tang Qg lam ting van toc dong khi bén trong 16p vat liéu c6 thé 1am cham tdc do loai bo
chat ran. Do d6, c6 thé hiéu rang hiéu suét stripping tir nudce ri rac c6 thé thip hon so véi

nude thai tong hop khong chira chat ran.
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Hinh 3.11. Anh huéng cua ti 16 Qo/Qr dén 5 va Kra ciia qua trinh stripping NH3-N tir
nudce ri rac (Cri = 1399 mg/L, Qr = 0,1 L/phut).
Ky hiéu: ® =300 rpm (), ® = 600 rpm (A), ® =900 rpm (0), ® = 1200 rpm ().

Ngoai cac nghién ctru trude d6 vé nudce thai tong hop, anh huong ciia Qa/Qr dén
qua trinh stripping NH3-N tir nudc ri rac cling duge déanh gia v6i pH; thay doi tir 9,5 dén
11,5. Khi Qc/QL tang tir 762 1én 2722, muc gia tdng # va Kra cling phu thudc vao o va
pHi. Cu thé, tai pHi = 9,5, # tang tir 18,6 + 4,0% 18n 27,1 + 3,7% (ting 8.5%) khi o ting
tr 300 1én 1200 rpm (Hinh 3.11a). Mtrc cai thién # cling 16n hon khi pH; tang tir 9,5 1én
10,5. V61 © = 900 rpm va Qg/Qu tur 762 1én 2722, n tang 28,1% (tir 30,9% + 3,5% lén
59,0 £2,8%) & pHi = 10,5, cao hon mtrc 19,3% & pHi = 9,5 (tir 25,5 + 3,2% 1én 44,8 &+
2,2%) (Hinh 3.11a,b). Tuy nhién, xu huéng gia ting gan nhu twong ty & pHi = 11,5, khi
5 chi ting 27,4% (tir 35,4 + 3,9% 18n 62,8 + 3,5%) (Hinh 3.11¢). O ® = 900 rpm, mtic
cai thién Kia tai pHi = 9,5, 10,5 va 11,5 lan luot 14 0,0006 s™' (tir 0,0008 + 1,6x10* s°!
16n 0,0014 + 1,0x10* s1), 0,0012 s7* (tir 0,0011 £2,2x10% s 1én 0,0023 £2,0x10* s7),
va 0,0011 s7* (tir 0,0014 + 3,0x10* s7' [én 0,0025 +2,8x10"* s7") (Hinh 3.114, ¢, ). Cac

nghién ctru vé stripping NH3-N thuong wu tién duy tri pH > 11 dé t6i da hoa su chuyén
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d6i NH4" thanh NH; tu do, tir d6 dat hiéu suét xir Iy cao nhat [166]. Tuy nhién, véi toc
d6 quay cao hon va ty 1& Qa/QL 16, thiét bi HP2R c6 thé duy tri hiéu suét stripping
NH3-N ngay ca khi pH ban dau thap hon 11. DPang chii ¥, & diéu kién van hanh o = 900
rpm va Qc/Qu = 2722 tai pH; = 9,5, n dat 44,8 £ 2,2% (Kra = 0,0014 + 1,0x10* s71),
twong duong v6in 6 pHi = 11,5 (n = 48,3 £ 3,6%, Kra = 0,0021 £ 2,1x10* s!) tai o =
600 rpm va Qa/QL = 1906 (Hinh 3.11a,c,d,f). Hiéu suét ndy ciing cao hon mtrc 33,8%
sau 2 gid cua qué trinh stripping NH3-N ¢ pHi = 11 v6i NH3-N ban dau 830 mg/L va
Qas/QL =150 béng cot hép phu do Ferraz va cong su (2013) thuc hién [156]. Phat hién
tha vi ndy cho thay rang thiét bi HP2R c6 tiém ning mang lai nhiéu tity chon van hanh
cho cac nha may xur Iy nudc ri rac thuc té. Cu thé, viéc sir dung nang lugng tur cac nguén
tai tao dé duy tri luu luong khi toi wru c6 thé gitp giam luong hoa chét can thiét dé kiém

hoa, tir d6 tiét kiém chi phi trong qua trinh stripping amoni bang HP2R.
d, Anh hwong ciia lwu lwong nwéc thai O

Két qua khao sat anh hudng ciia ti 16 Qr tai Qg = 142 L/phit t6i hidu suét stripping
va hé s chuyén khdi tong quat dugc thé hién trong Hinh 3.12. Trong phan nay, toc do
quay thip nhat (o = 300 rpm) khong duoc thir nghiém dé tranh nguy hién tuong nude ri
rac thoat ra & dng thoat khi tai ca ngudng luu lugng nudc thai cao. V& hiéu sut stripping
NH;-N, gia tri # giam khi luu luong nude ri rac (Qu) ting tir 0,05 1én 0,20 L/phut & tat
ca cac muc o va pHi. Cy thé, & © = 900 rpm, khi Qv ting tir 0,05 1én 0,20 L/phut, 7 giam
gﬁn mot nira & pHi = 10,5 (tur 58,4 £ 1,7% xuéng 29,0 = 1,8%) vapH;= 11,5 (tir 65,1 &+
1,0% xudng 36,5 + 1,3%) (Hinh 3.12b, ¢). O pH; =9,5, téc do giam chdm hon (tir 38,7
+ 1,2% xudng 22,1 + 1,3%) & cing mot toec d6 quay (Hinh 3.12a). Viéc ting Qv trong
khi giit Qg khong d6i 1am giam ty 18 Qa/Qr ctia hé thong stripping, din dén giam hiéu
suét stripping NH3-N. Tuy nhién, hé s6 chuyén khéi (Kra) lai ¢6 xu huéng ting khi Q.
tang tir 0,05 1€n 0,20 L/phut. Pac biét, & o = 1200 rpm, Kra tdng dang ké tir 0,0007 +
0,3x10* s 1én 0,0014 + 1,2x10% s, tir 0,0013 + 0,7x10* 571 18n 0,0026 £ 2,1x10* s71,
va tir 0,0015 £ 0,2x10* 57! 1én 0,0035+2,1x10* s7* tai ba mtrc pHi = 9,5, 10,5, va 11,5
twong Umg (Hinh 3.8d, e, f). Su gia tang cta Kra khi Qr tang tir 0,05 1én 0,20 L/phut
phan 4nh sy cai thién cia hiéu suat stripping amoni theo thoi gian. Tuy nhién, do phu
hop ctia md hinh du doan (duong dut nét) thip hon so vé6i cac anh hudng cia ® va
Qc/QL, cho thay rang su thay doi ciia Qi dd gdy ra mot sd xao tron trong sy phan bo pha

long bén trong 16p vat liéu dém. Trong nghién ctru ciia Yuan va cong su (2016) véi nudc
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thai mo phong, xu hudng twong tu cia 7 (giam tir 81,4% xudng 41,8%) va Kya (ting tir
0,0026 1&én 0,0058 s cling dugc ghi nhan khi Qv tang tir 0,025 1én 0,1 L/phat & nhiét
do 40 °C [128].
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Hinh 3.12. Anh huong ciia Qr dén # va Kra ctia qua trinh stripping NH3-N tir nudc ri
rac (Cri = 1399 mg/L, Qg = 142 L/phut)
Ky hi¢u: © =300 rpm (0), ® = 600 rpm (A), ® =900 rpm (O), ® = 1200 rpm ().

Mic du hiéu suat stripping NH3-N gidm, tbc do van chuyén khéi luong NH3-N bi
stripping vao pha khi phy thudc nhiéu vao lwong nuée ri duoc cip vao hé théng. Déi véi
truong hop stripping c¢6 hang sé Henry cao (Hc = 0,0477) nhu ClO,, Viet va cong su
(2021) tham chi d4 ghi nhan Kia ting gan gip bdn lan (tir 0,007 s 1én 0,026 s) trong
khi # vAn duy tri & mic rat cao (trén 97%) khi Q tang tir 0,04 1én 0,21 L/phat [130]. Vi
hing s6 Henry thap hon (Hc = 0,000824), su thay ddi cua Qv trong khi Qg khong doi
trong qua trinh stripping NH3-N s& dan dén xu huéng nguoc chiéu giita hi¢u sut stripping

amoni va hi€u suat truyén khoi.
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e, Anh hwong ciia cdic chu ky stripping

Trén thyc té, qua trinh stripping duoc dién ra v6i dong nude thai tuan hoan kéo dai
tir vai gio dén vai ngay dé dat dugc ham lwong TN xudng mirc thich hop dam bao hiéu
sut ctia qua trinh xtr Iy sinh hoc tiép theo [73]. Trong thi nghiém stripping theo chu ky,
2 lit nudc ri rac duoc diéu chinh dén céc gia tri pH; khac nhau (9,5, 10,5 va 11,5), trai qua
téng cong 5 chu ky stripping trong diéu kién van hanh véi luu lugng khi Qg = 141 L/phut,
luu lwong nude Qr = 0,1 L/phut, va tdc d6 quay o = 900 rpm. Muc tiéu cta thi nghiém
nay 12 mé phong qua trinh stripping thuc té tir nude ri rac bang thiét bi HP2R tai cac mirc

pHi khac nhau. Két qua thi nghiém dugc trinh bay trong Hinh 3.13 va Hinh 3.14.
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Hinh 3.13. Két qua thi nghiém stripping NH3-N tir nudc ri ric & ché do tuan hoan
(Qg = 141 L/phut, QL = 0,10 L/phut, ® = 900 rpm)
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Két qua chi ra rang nong d6 NH3-N thap trong nudc ri rac dau ra cé thé dat dugc
nhd tudn hoan stripping amoni nhiéu lan. Tai pH; = 10,5 va 11,5, ndng do amoni Cy
giam tir 1480 mg/L va 1600 mg/L xudng con 288 mg/L va 247 mg/L, ddy 1a mirc ndng
d6 amoni chip nhan dugc cho qué trinh xt 1y sinh hoc [73], sau 3 chu ky stripping amoni
bang thiét bi HP2R. Vi QL = 0,10 L/phut va thé tich nudc ri rac 2L, tong thoi gian cho
3 chu ky stripping mat 60 phut dé dat hiéu suit loai bd NH3-N trén 80% tai pH; véi 10,5.
Thoi gian luu tong thé nay ngin hon dang ké so véi thoi gian stripping NH3-N sir dung
thap tiép xuc (4 ngay) dé dat hiéu suit trong tu [156]. Cac chu ky stripping bo sung &
lan thir 5 cho thay nong do NH3-N dau ra trong mau nudc ri rac giam dang ké, voi gia
tri 1an luot 13 489 mg/L (5 = 70,9%), 113 mg/L (7 = 92,4%) va 86,4 mg/L (1 = 94,6%).
Dic biét, tai pHi = 10,5, thiét bi HP2R can 5 chu ky (100 phut) dé dat hiéu suat 92,4%,
trong khi nghién ctru ctia Santos va cong su (2020) can tir 4 dén 9 ngay va do pH ban
dau = 12 dé dat hiéu suat twong ty khi xir Iy NH3-N tir nude ri rac bang thap stripping
[88]. Ngay ca qua trinh stripping tai pHi = 9,5 (# = 70,9% sau 100 phut) ciling dugc cot
1a vuot troi hon déang ké so v6i 4 gio van hanh cua thap stripping quy mé pilot (5 =
77,1%) v6i pH ban dau = 11,0 va nong do NH3-N 1a 830 mg/L [156]. Jiang va cong sy
(2022) gan day ciing bao cdo rang phuong phap stripping NH3-N bing song dong hoc
(dynamic wave stripping tube) ciing cai thién kha ning loai bd NH3-N ¢ murc pH thap
[168]. Trong diéu kién pH (10,5) va nhiét do (30°C) tuwong tu, ong stripping NH; bang
song dong hoc c6 thé dat hiéu suat loai bo twong duong (i trén 90%) vai thiét bi HP2R
trong nghién ctru nay, nhung lai can thoi gian tuan hoan dai gip déi (200 phut) [168].
Tuy nhién, hiéu sudt ciia phuong phap stripping amoni khé cé thé sanh bang phuong
phap gia nhiét. Vi dy, Joao Sprovieri va cong sy (2020) ghi nhan hiéu suét loai bo NH;-
N tir nudc ri rac (mau 100 mL chira 2303 mg/L) dat tir 95% dén 98% sau 20 phit dun
s6i & 300°C ma khong can diéu chinh pH [169]. Mic du phuong phap gia nhiét dugc
khuyén khich do tinh kha thi trong viéc thu hdi amoni, nhung khé ¢6 thé canh tranh véi
phuong phap stripping amoni vé tiéu hao nang lugng khi xtr Iy mét lugng 16n nudc ri
rac trong thuc té.

Giita cac chu ky stripping amoni, hiéu suét loai bo # cia chu ky sau luén thap
hon chu ky truéc. Tir chu ky thir nhat dén chu ky tha nam, # giam tir 32,7% xudng
14,4%, tir 45,3% xudng 36,5% va tir 50,5% xudng 39,6% tai pHi = 9,5, 10,5 va 11,5,

twong tmg (Hinh 3.13). Xu hudng nay 1a hé qua cia sy giam pH cua mau nudc ri rac
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sau mdi chu ky stripping. Dua trén su thay d6i cta pH theo cac chu ky, ¢6 hai cach tiép
can duogc dé xuét kiém hoa nudce ri rac trude khi stripping amoni bang HP2R. Cach tiép
can truyén thong 1a nang pH 1én muc cao hon 10,5 dé dam bao qua trinh loai bé amoni
din ra nhanh chéng. Tuy nhién, phuong phap nay c6 thé cin thém bude trung hoa sau
xtr 1y vi pH cao c6 thé khong phu hop véi cong doan xtr 1y tiép theo. Do d6, vi HP2R
dat hiéu suét loai bo khé tot ngay tir chu ky dau tién & pH; = 9,5, viéc duy tri pH 6n dinh
& murc nay sé& 1a phuong an 1y twong hon vé mit ki thuat va kinh té (5 = 88,4% va Cr
cudi cing = 195 mg/L sau 5 chu ky). Vi thiét bi HP2R, viéc duy tri d6 kiém vira du
clia nudc ri rac s& dam bao muc tiéu loai bo NH3-N mong mudn, giam tiéu hao hoa chat
cho qué trinh nang pH va khong can budc trung hoa sau xir Iy. Tuy nhién, hién tuong
gia nhiét do ma sat tai vong bi sau thoi gian van hanh dai do da dugc ghi nhan. Van dé
nay c6 thé dugc giai quyét bang cach lap dit hé thong 1am mat gian tiép quanh truc quay

trong thiét bi quy mo thuc té.

Két qua ctia thi nghiém tudn hoan stripping cho thay hiéu suit xir Iy vuot trdi véi
nuéc ri rac trong thoi gian ngan, cling nhu su thay doi cua pH va # sau cac chu ky
stripping amoni. Tuy nhién, mot sd yéu té c6 thé trd thanh diém nghén khi ap dung
HP2R trong thyc té. Thir nhat, sy 6n dinh trong qua trinh van hanh c6 thé 1a mot van dé
16n khi trién khai HP2R & quy mo thyc té. Mic di do rung cua thiét bi trong phong thi
nghiém la khong dang ké, nhung co thé tré nén nghiém trong hon & téc do quay cao
(trén 1200 vong/phut) va giy lo ngai vé an toan khi duoc lap dit trong nha may cong
nghiép quy mé 16n. Do d6, du kich thudc thiét bi nho hon so véi cot dém, viée thiét ké
va lép dat HP2R quy mo 16n can dugc thuc hién cuc ky chinh xac dé tranh rung lac trong
qua trinh van hanh ¢ téc do quay cao. Thit hai, chi phi dién niang cho HP2R c6 thé cao
hon so v6i ¢t dém néu truyén dong tir dong co quay trong hé théng HP2R khéng duoc
t6i wu. Ngoai ra, nang luong cho bom lam mat ciing can dugc tinh dén néu can tranh
qua nhiét truc quay. Mirc tiéu thu ning lurong bd sung c6 thé thay doi dang ké tuy theo

kich thudc va trong lugng ctia khdi quay ¢ quy mé thyc té [170].
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f, Két qua tinh todn mé hinh dw dodn n va Kira ciia qud trinh stripping NH3-N

tir nwoc ri rdc
Trong nghién ctru nay, két qua khao sat nudc ri rac di dugc sir dung dé tinh toan
va dua ra mo6 hinh dy dodn cho Kra va # dya trén cac bién sb van hanh thu duge, cac
thong sb cua thiét bi HP2R va céac dic tinh ciia dong khi va dong 16ng. M6 hinh nay da
duoc str dung thanh cong trong du doan Kra tir qua trinh stripping amoni trong nudc
thai mo phong ctia Yuan va cong sy. (2016) [128, 129] va CIO: stripping cua Viet va
cong su. (2021) [130] st dung thiét bi tiép xtic 1i tim. Trong pham vi dé tai ndy, cac
thong s6 van hanh gom Qg, Qr va @ dé tinh toan cac hé sd Rer, Reg va Gri v turong
ung thong qua phuong trinh (2.10) — (2.12). Twr do, xay dung phuong trinh tuong quan
giita cac hé s trén véi gia tri Kia thuc nghiém thong qua phuong trinh (2.13). Két qua
thu duoc & cac diéu kién pH khac nhau, mé hinh dy doan cho dugc trinh bay theo biéu

thirc dudi day:

o TaipHi=9,5 (R*=0,894): ——L = 0,236 X Re;""Re;"*Gry0 (3.3)

ap

e TaipHi= 10,5 (R*=0,952): KLadp = 0,022 X Re)**"Re¢***Gri’avs (3.4)
ap
e TaipHi=11,5 (R>=0,997): KLadp = 0,011 x RelSMRe%**Gr22%  (3.5)
ap

trong d6 d, la duong kinh trung binh cua 16p dém lam tir vat li€u soi thép SUS304
(0,107 m) va D; 1a hé s khuéch tan chit 1ong phan tir cia NH; (1,9 X 1072 m?/s)[171].
Pham vi ctia cac nhom khéng thir nguyén trong cac biéu thire (3.3), (3.4) va (3.5) 1a
0,10 < Re;, 0,38, 7,61 <Reg <27,19 va 2,03 x10° < Gry,y, < 3,24 x 10'°
dudi pham vi bién thién cia Qr, Qg va @. Cac mo hinh dy doan cho thay do twong quan
kha tot gitra hé s6 chuyén khéi téng quat Kra thu dugc tir thue nghiém va tinh toan tir
mo hinh dy doén (R? trong khoang tir 0,894 dén 0,977). Gia tri hiéu suat stripping # du
doan duoc tinh bang cach thay gia tri Kra du doan vao cong thirc sé (2.14). Két qua
dugc thé hién tai Hinh 3.15.
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Hinh 3.15. So sanh gitra gié tri thuc nghiém va du doan cua 7 (a) va Kra (b) ciia qua
trinh stripping NH3-N tir nudce ri rac.
DPuong nét dut: bién do dao dong + 20%.

Céc hé sd tinh toan tir cac phuong trinh du doan tir (3.3) dén (3.5) dugc thé hién
trong Bang 3.3.
Bang 3.3. Céc hé s6 tinh toan tir mé hinh du doan # va Kia clia qua trinh stripping

NH3-N tr nude ri rac.

Ciac hé so thudc md pH;i
hinh du doan 9,5 10,5 11,5
R? 0,894 0,952 0,977
n du doan (%) 17,1 — 48,5 20,7 - 68,4 222-71,8
Kra du doan (s™) 0,0005 - 0,0016 0,0006 — 0,0029 | 0,0007 — 0,0039
a 0,236 0,022 0,011
ReL 0,10 -0,38
b 0,500 0,459 0,611
Reg 7,61 27,19
C 0,419 0,455 0,408
GrLavg 2,03%10° - 3,24x101°
d 0,225 0,341 0,394

O pHi 9,5, Qc va Qu c6 anh hudng 16n hon dén su thay dbi ciia Kra (0,0005 —
0,0016 s™) so v6i o, diéu ndy dugc phan anh qua sé mii b (0,500) va ¢ (0,419) ctia Rer va
Reg cao hon so v6i d (0,225) ciia Griav tai phuong trinh (3.1). Vé hdi quy ciia mo hinh
pHi 9.5, gia tri R2 = 0,894, thap hon mot chut so véi tai pHi = 10,5 va 11,5. Nguyén nhan
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c6 thé do su chuyén dich cua NH; tu tai pHi = 9,5 thiéu 6n dinh so véi nude thai & pHi=
10,5 va 11,5. Vi du, & nhiét d6 30°C, bién dong cua ti 1€ NH3 tu do duoc udc lugng khoang
10% tai pH 9,5 £ 0,1. Mat khéc, su bién dong nay gﬁn nhu khong dang ké (0,2 dén 2%)
v6i tai pH 10,5 va 11,5 [172]. O pHi cao hon, Kra phu thudc nhiéu hon vao o véi gia tri
d tang lén 0,341 va 0,394 lan luot tai pH; 10,5 va 11,5. O pHi cao hon, sy hién dién cua
mudi két tia va chat rin ton tai dang ké hon so véi & pHi 9,5. Do d6, toe d6 quay cao hon
c6 thé mang lai loi ich trong viéc loai bé nhanh tap chét rin khoi 16p dém, dan dén hiéu
suét truyén khéi tot hon so vé6i toc do quay thap. Kia ciing dugc cai thién 1,8 1an (0,0006
—0,0029 s') va 2,4 1an (0,0007 — 0,0039 s*) khi pH; ting 1én 10,5 va 11,5. Ngoai ra, tai
pHi = 11,5, Kra chi yéu bi chi phdi boi sy thay ddi ctia Qr, v6i sé mil b ciia Rer. dat gia
tri cao nhat 1a 0,611 tai phuong trinh (3.3). Cac s6 mil ¢ tai pH; 9,5, 10,5 va 11,5 lan luot
12 0,419, 0,455 va 0,408. So v61 qua trinh stripping C1O; st dung RPB (c = 0,098) tir Viet
et al. (2021), Qg trong qua trinh stripping NH3-N tir nudc ri rac van thé hién anh huong
dang ké dén hiéu qua chuyén khdi [27]. Tuy nhién, anh huong ctia Qg dén qué trinh
stripping NH3-N kém déng ké hon so v&i nghién ciru st dung nuée thai mé phong tai pH;
11 bang RPB ctia Yuan et al. (2016) [12, 13], trong d6 hang s mii cia Reg 1a cao nhat
(0,531 -0,613). Néng do NHs-N cao hon va ham lugng chét ran trong mau nudc ri rac so
v6i nude thai mo phong c6 thé gop phan 1am ting anh hudng cua Qr trong qua trinh

stripping NH3-N tir nudc ri réc.

Mo hinh dy doan hé s truyén khéi tong quat (Kra) va hiéu suat stripping amoni ()
duoc xay dung trong nghién ctru c6 y nghia thyc tién cao trong viée thiét ké va van hanh
cac hé thong xir Iy khi — 1ong cho qua trinh loai bd NHs-N tir nudc thai c6 nong do cao
nhu nude ri rac, nude thai chan nuoi hodc nudc thai cong nghi€p. Mo hinh cho phép du
doan nhanh hiéu qua truyén khéi va hiéu suét stripping theo cac théng sd van hanh (luu
luong khi, luu lwong 16ng va toe do quay), tir d6 hd tro tdi wu hoa diéu kién van hanh ma
khong can thuc hién nhiéu thi nghiém lip lai. Vi gia tri R dat 0,894-0,977, m6 hinh thé
hién d9 tin cdy cao va kha ning ap dung rong trong cac diéu kién pH khac nhau. Két qua
cho thdy anh hudng cua cac yéu tb thuy dong hoc (Rer, Reg, Grrayg) duoc phan anh rd
trong twrong quan véi Kya, gitip 1am sang t6 co ché truyén khdi trong 16p dém quay. Ngoai
ra, md hinh con c6 thé mo rong dé du doan hiéu suat hap thu hodc stripping cac hop chat
khi khac trong cac hé théng twong tir, gop phan giam chi phi thir nghiém va nang cao hiéu

qua thiét ké — van hanh thuc té.
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Tiéu két muc 3.1.3: Két qua thi nghiém trén di thé hién kha ning loai bo amoni tir

nuée ri rac bai chén 1ap bang thiét bi HP2R. Hiéu suit xir Iy cao hon dang ké so véi thap
stripping, nhung thap hon so v&i mot sé nghién ciru trude trén nude thai mod phong do su
xuét hién cua tap chit rin trong qua trinh stripping. Vi cac diéu kién van hanh pH; 9,5—
11,5; Qg 76272 L/phit; QL 0,05-0,20 L/phiit; @ 300-1200 rpm & 30 °C, hiéu suat 5 dat
17,1-71,8% va Kra 0,0005-0,0039 s'. HP2R c6 uvu diém duy tri hi€u qua loai bd voi it
hoa chat kiém hon nho bu bang téc d6 quay hodc lwu lugng khi cao. Nhiéu chu ky
stripping c6 thé nang tong # 1én 94,6% sau 5 chu ky (100 phut) tai pHi 11,5. Hién twong
rung lac thiét bi manh & @ > 1200 rpm s& can phai dugc khac muc khi thiét ké thiét bi quy
mo 16n.
3.2. Két qua thwe nghiém xir 1y két hop thu hdi amoni bang thiét bi HP2R tir nwéc thai
Sau khi thu duoc cac két qua khao sat cac yéu t6 anh hudng va thong sd van hanh
t6i hiéu qua xir Iy amoni bang qua trinh stripping sir dung thiét bi HP2R, nghién ciru
tiép tuc van hanh hé thiét bi HP2R dé xir Iy amoni tir nuéc thai ndong do cao & ché do
tuan hoan két hop vai binh hap thu dé khao sat hiéu qua xir 1y két hop thu hoi amoni &
ché d6 van hanh téi vu ctia cong doan xir 1y. Trong phan thue nghiém nay, nudc thai mo
phong va nuée ri rac dugce lya chon do c6 nong do NH3-N cao (>1000 mg/L), phit hop
cho muc tiéu xur Iy két hop thu hoi amoni; trong khi d6, nudc thai chan nudi co néng do
thap hon (<700 mg/L) nén khong duoc lwa chon vi hiéu qué kinh té ciia hé thu hdi bang
hap thy khong cao so véi chi phi dau tu thuc té [104]. Cac thong sé va diéu kién van
hanh t6i wu ké thira tir thi nghiém xur Iy amoni gém c6 QG/QL = 1000 — 2000, o = 900
rpm, d6 pH nudc thai trong ngudng tir 11 — 12 s& duoc lya chon trong xir 1y va thu hoi
amoni & ché do tuan hoan. Két qua va thao luan caa thuc nghiém nay dugc trinh bay chi
tiét nhu sau:
3.2.1. Két qui xar Iy két hop thu hoi amoni bang thiét bi HP2R tir mude thii mé phéng
a, Anh hwéng ciia pHi dén hiéu qua xir Iy va thu hdi amoni
Anh huong ciia o pH ban dau ctia nuéc thai dén hidu qua xir 1y va thu hoi NH;-
N trong diéu kién lwu lwong khi Qg = 100 L/pht, luu lvong nude QL = 0.2 L/phut & pH;
=11 va 12 dugc thé hién trong Hinh 3.16. Hinh 3.16a cho thdy véi ca hai mutc pH; = 11
va 12, hiéu suat xir Iy amoni déu tang dan, #,emova dat ngudng 89,7% (pH; = 11) va
94,0% (pHi = 12) tai thoi diém 180 phat. Anh huéng pHi 1én hiéu qué stripping NH3-N
duoc thé hién qua su chénh 1&ch #removar tai pHi = 12 (7 = 94.0%) cao hon 4,3% so véi
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Hremovar tai pHi = 11 (17 = 89,7%) tai cudi thi nghiém. Su thay d6i pH ctia nudc thai mo
phong tai ting thoi diém 14y mau ciing dugc theo ddi va ghi nhan. Két qua cho thiy, do
pH cta nudc thai giam dan khi hiéu suét xir Iy ting 1én theo thoi gian. Piéu nay 1a do
cac phan tir khi NH3 dugc thdi bay khoi pha 1ong 1am giam do pH trong nuée thai. Sau
180 phut xir 1y, d6 pH giam xudng 10,3 tir pH; = 12 va giam xudng 9,2 tir pH; = 11. Su
thay d6i cua do pH nudc thai cling 13 yéu td quan trong khi thiét 1ap qua trinh stripping
trong thuc té, do pH sau xur Iy qua cao s& dan can dugc trung hoa cho bude xur 1y tiép

theo, nhung van can duy tri & ngudng vira du cho qua trinh stripping dién ra hiéu qua.
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Hinh 3.16. Dién bién hiéu qua xt 1y (a) va thu hdi amoni (b) trong nudc thai qua qua
trinh stripping v&i QL = 0,2 L/phut va Qg = 100 L/phut
Chﬁ thiChI nremova[, ’7V€COV€V Vél pH tal pH1 = 11 (O,.), le = 12 (D,.).

Anh huéng cta pH; dén hiéu qua thu hdi NH3-N ciing duoc dénh gia va thé hién
trong Hinh 3.16b. Trii nguoc voi #removar, anh huéng ctia ¢ pH ban du ctia nude thai co
anh huong khong dang ké dbi voi v6i frecover. Cu the, hiéu qua thu hoi amoni & pH; = 11

(7/]V€‘COV€V = 77,1%) Chi l’lhil’lh hO’Il 3% SO VO"I pH1 - 12 (;77600\167' - 74,3%).
b, Anh hwéng ciia Qg dén higu qua xir Iy va thu hoi amoni

Két qua khao sat anh huong ctia luu luong khi ti hidu qua xtr Iy va do pH trong
nuéc thai béi qua trinh stripping véi Qu = 0,2 L/phiit & pHi = 11 dugc thé hién trong
Hinh 3.17a. Két qua cho thdy, khi ting Qg tir 100 téi 300 L/phtt, 7removas ting nhanh
hon so voi diéu kién Qg thap. Cu thé, tai t = 60 phit, sy chénh 1éch trong hiéu qua xir
Iy dugc thé hién 16 rét khi chi sé nay ting tir 59,0 % dén 82,4% khi Qg ting tir 100 dén
300 L/phit. Thoi gian dé dat 7removar = 90% ciing nhanh hon ddi voi cac mie luu lugng

khi 16n hon, cy thé 1a 90 phat dbi véi Qg = 300 L/phut, 120 phat dbi véi Qg = 200
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L/phit, va 180 phut d6i voi Qg = 150 va 100 L/phut. Hién tuwong nay 1a két qua cua sy
gia ting trong ti 1¢ Qa/Qu, dan t&i lwong khi sach cho mot thé tich nuéc thai nhat dinh
duoc ting 1én, cai thién dang ké hiéu qua stripping. Su cai thién trong hiéu qua
stripping ciing duoc thé hién trong sy thay ddi pH ctia nudc thai xuyén sudt qua trinh.
Cu thé, véi Qg = 300 L/phut, d6 pH giam tir 11,0 xubng 8,5, thip hon nhiéu so véi tai
Qq = 100 L/phat (11,0 xudng 9,3).
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Hinh 3.17. Dién bién hiéu qua xt 1y (a) va thu hdi amoni (b) trong nudc thai qua qua
trinh stripping vo1 QL = 0,2 L/phut ¢ pHi = 11
Ch thich: Hremovat, frecover vA pH tai Qg = 100 L/phiit (0,e), Qg = 150 L/phat (O0,m),
Qc =200 L/phiit (A,A), va Qg = 300 L/phut (,®)

Anh huéng cta Qg t6i #recover duge thé hién & Hinh 3.17b. Viée ting cudng Qg
cling gitip mot phan gia ting tdc dd Va 7recover thong qua hap thu. Cu thé, tai thoi diém t
= 60 phut, & luu luong khi 16n nhu 200 va 300 L/phat, hiéu suat thu hdi ) = 70%, trong
khi Qg = 100 L/phut chi dat 54,5%. Tuy nhién, tai thoi diém 180 phut, hiéu qua thu hoi
cao nhét lai dugc ghi nhan & Qg = 200 L/phut v&i #recover = 81,4% va thép nhét thudc vé
Qc = 300 L/phat véi e = 75,9%. Co ché thu hoi NH;-N trong thi nghiém nay dua trén
hai qua trinh vat 1y va hoa hoc. Qua trinh vat 1y thudc vé sy hap thu NH3 c6 trong pha
khi vao dung dich hap thu. Qua trinh héa hoc thudc vé phan tmg héa hoc giita NH; va
H>S04 dé tao nén mudi (NHs)2SO04. Viée ting Qg dan dén nong d6 NH; trong khong khi
lodng hon, c6 thé gitp qué trinh phan tng giita NH3 va HoSO4 dién ra hiéu qua hon mot
phan hon so v6i dong khi qua ddm dic. Hon nita, Qg cao ciing gitip hinh thanh cac bong
bong suc khi day hon ciing 1am hiéu suét thu hdi tét hon. Tuy nhién, luu luong khi qua
16n nhu tai Qg = 300 L/phit ciing c6 thé gidi han hi¢u qua hap thu vat 1y ciia NH3 vao

dung dich do thoi gian tiép xuc cua khi va nudc s€ ngan hon.
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¢, Anh hwéng ciia Qi dén hi¢u qua xiv ly va thu hoi amoni

Anh huéng cia luu luong nude thai t6i hiéu qua xt Iy va d6 pH trong nude thai
trong qua trinh stripping véi Qg = 200 L/phiit & pH; = 11 duoc thé hién ¢ Hinh 3.18.
Hinh 3.18a cho thiy #,emovar ting nhanh khi Qr ting tir 0,05 1én 0,10 L/phit, va ting
cham lai khi Qu = 0,20 L/phut. Cu thé, tai phit thit 120, #,emovar ting tir 75% 1én 87,2%
khi Qr tang ttr 0,05 1én 0,10 L/phtt, va tang nhe téi 89,8% khi Qr dat 0,20 L/phut. Khi
tang luu luong nude thai dong nghia véi viée ting téc do tudn hoan nude thai cho qua
trinh stripping, dan toi tang tc do stripping. Su cai thién hiéu qua stripping khi ting luu
lugng cling dugc thé hién qua dién bién thay doi pH trong dung dich nudc thai. Cuy the,
mic du cac thi nghiém déu bat dau & mirc pHi = 11, sau 180 phiit, pH giam xudng con

8,9 v6i QL = 0,20 L/pht, thap hon so v6i QL = 0,05 L/phut (pH = 9,6).
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Hinh 3.18. Dién bién hiéu qua xt 1y (a) va thu hdi amoni (b) trong nudc thai qua qua
trinh stripping vo1 Qg = 200 L/phut ¢ pH; =11
Chu thich: #removal, recover va pH tai QL = 0,05 L/phut (o,e), Qr = 0,10 L/phut (O,M),
QL = 0,20 L/phut (A, A).

Anh huong ctia QL t6i #ecover duroc thé hién & Hinh 3.18b. Nguoc lai v6i #removat, Viée
tang Qv lai han ché phan nao 7recover. Cu thé, tai thoi diém 60 phit, hiéu suét thu hdi & QL
= 0,05 (#recover = 74,6%) cao hon so vé1 QL = 0,10 L/phut (#recover = 70,0%) va 0,20 L/phut
(Hrecover = 69,2%). Tham chi, tai thoi diém t = 120 phut, 7recover dat vurot trdi & mic 96,6%
tai Qr = 0,05 L/phut, t6t hon so v&i QL= 0,10 L/phit (#frecover = 84,4%) va QL= 0,20 L/phut
(Hrecover = 79,8%), thé hién rang ndong do NH; trong dong khi sau stripping qua cao voi Qg,
thé tich va nong do H2SO4 ¢b dinh ciing c6 thé han ché hiéu qua hap thu.
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d, Anh hwéng ciia pH dung dich hép thu t6i hi¢u qud thu héi amoni

Du khong anh huéng dén hiéu qua xir 1y, mot yéu t6 quan trong nita anh huong dén
hiéu qua thu hoéi NH; d6 1a d6 pH (hay ndng d6 axit) trong dung dich hap thu. Trong nghién
ctru nay, 4 mic do pH cua dung dich hép thu duoc lua chon gém c6 pHiabs = 7,8 (nudc
may); 3,0 (Cuzsos = 0,0005M); 2,0 (Crzsos = 0,005M); 1,0 (Crzsos = 0,05M) (Hinh 3.19).
Dung dich hip thu pH 7,8 duoc lwa chon dé thir nghiém kha ning st dung nudc may thong
thuong lam dung dich thu hdi amoni bén canh viéc st dung dung dich axit & cac nf)ng do

khac nhau.

pH abs

’77’8(7011(:‘)’ (%)

t (pht)

Hinh 3.19. Anh huéng ctia pH dung dich hap thu dén hiéu qua thu hdi amoni tai Qg =
200 L/phut, Qr = 0,20 L/phat, pHi =11
Chu thich: #recover va pHabs tai pHi,abs = 7.8 (0,®), pHi,aps = 3 (O, M), pHi,aps =2 (A, A),
va pHi,aps = 1 (<, @)

Két qua cho thiy nong d¢ axit trong dung dich hip thu cang cao thi hiu suét va
néng d6 amoni thu hoi dat cang cao. Cuy thé, tai do pH tur 7,5 xuéng 2,0, frecover VA néng
d6 thu hoi chi dat toi da vao thoi diém 20 phut, cu thé 13 7recover = 22,8% (C = 383 mg/L),
Hrecover = 25,1% (C = 383 mg/L), va frecover = 35,6% (C = 504 mg/L). Sau do, #recover Va
nong do amoni trong dung dich hap thu & ba mic pH nay giam dan. Cu thé, tai pHibs =
3,0, #recover (Va n6ng dd amoni) dat 25,1% (C = 383 mg/L) tai 20 phut, sau d6 giam dan
xudng 23,3% (C = 364 mg/L) va 18,13% (C = 289 mg/L) tai 40 va 60 phut. Ly do din
dén hién tugng nay 1a & pH dung dich cao hay nong do axit thap, khi lugng NH;3 dua vé
hé thu hdi qua cao dan dén phan tmg hoan toan véi HaSO4 hay thanh phan H* trong dung
dich hap thu va lam ting nhanh pH trong thoi gian dau cua qua trinh. Sau d6, khi hé théng
tiép tuc suc khi s& thoi bay luong NH3 dugc hép thu vat Iy ma chua chuyén dich vé dang
ion NH4*, biéu thi khi pH dung dich hp thy giam nhe vé trung tinh khi mot phan néng do
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NH3 da thoat ra khoi dung dich. Nguoc lai, véi truong hop nong d6 dung dich hap thy du
thira nhu & pHi,abs = 1 (Csos = 0.05M), #,ecover va ndng d6 amoni thu hoi lién tuc ting

theo thoi gian va dat 76,21% (1180 mg/L).

e, Két qua tinh todn mé hinh déng hoc qud trinh xir Iy va thu hoi amoni tir nwéc
thdai mé phong
Anh hwéng ciia pH
Dua vao két qua thuc nghiém, mo6 hinh dong hoc phéan tng bac 1 cho qua trinh
xtr Iy amoni theo mé & hai diéu kién pH; = 11 va 12 duoc tinh toan va thé hién tai phuong
trinh (3.6), (3.7) va Hinh 3.20:
e pHi=11(R?=0,99): Cre = 1210 x g 700133t (3.6)
e pHi=12 (R? =0,99): Cre = 1240 x 00157t (3.7

Hang s6 toc do tinh theo phut k (min™!) ¢ hai diéu kién pH 11 va 12 lan luot 13
0,0133 min! va 0,0157 min™. Hang s6 s6 k & pHi 12 ¢6 phan nhinh hon do d¢ pH cua
nude thai phan tng dugc duy tri & mic cao hon (11 ~ 12) trong sudt qua trinh phan tng
so véi mirc pH 11 (10 ~ 11). O diéu kién Qa/Qr = 500 nhu tai nghién ctru ndy, mic hing
sO toc do k (0,0133 ~ 0,0157 min™") vuot troi hon dang ké (xap xi 5 1an) thi nghiém
stripping amoni tir nude ri réc sir dung cot tiép xtc & Qa/QrL = 150 (k = 0,18 h' = 0,003

min') trong nghién ctru cta Ferraz va cong su [156].
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Hinh 3.20. Dién bién ndng d6 amoni trong nudc thai qua qué trinh stripping voi Qg =
100 L/phat va QL = 0,2 L/phut & cac mic pH khac nhau
Ch thich: Ci¢ (0), In(Cr/CLi) (®). Puong lién: mo6 hinh phan trng dong hoc bac 1.

D6 hoi quy cta hai mé hinh dong hoc cho ca pH 11 va 12 déu rat cao (R2= 0,99).

Su thich hgp trong mo ta s6 liéu thuc nghiém cua mo hinh dong hoc bac 1 con dugc thé
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hién trong Hinh 3.20 v6i duong mé hinh (nét lién) c6 sy twong dong rat tot véi sb licu
thuc nghi€ém (o). Su phu hgp cua mé hinh doéng hoc phan tng bac mot véi qua trinh
stripping amoni cling da dugc ghi nhan trong cac nghién ctru trude day cua Zhang va cong

su trong xur Iy amoni tir nude thai chan nuoi [173].

Anh hwéng cia leu leong khi
Dua vao két qua thyc nghiém, mé hinh déng hoc phan tng bac 1 cho qua trinh
xtr Iy amoni theo mé & cac ché do Qg khac nhau duoc tinh toan va thé hién trong phuong
trinh (3.8) — (3.11) va Hinh 3.21 nhu sau:

e Qc=100L/phut (R? = 0,99): C,, = 1210 x 00133t (3.8)
e Q=150 L/phut (R? = 0,98): C,, = 1220 X e~00149¢ (3.9)
e Qc=200L/phut (R? = 0,97): C,; = 960 x ¢~00176¢ (3.10)
e Q=300 L/phut (R? = 0,96): C,, = 1020 X e~0020% (3.11)

Két qua cho thay khi ting luu lugng gi6 & cac mé stripping amoni, hang so k ting
dan tir 0,0133 min™' dén 0,0209 min™' khi Qg ting tir 100 — 300 L/phut. Sy cai thién hang
s6 toc do k trong md hinh dong hoc bac 1 1a do su ting cuong khong khi sach trong qué
trinh stripping 1am ting dang ké hang sb toc do k va hiéu suat xir 1y amoni. Ferraz va
cong su ciing da ghi nhan sy sut giam dang ké cua gia tri nay (0,18 h! xudng 0,0154 h-
" khi Iuu luong gié giam tir 4500 L/h xubéng 1600 L/h [156]. P9 hoi quy ciing ¢ su
giam nhe (R2 tir 0,99 xubng 0,96) khi luu lwgng gi6 ting tir 100 — 300 L/min trong md
hinh dong hoc bac 1. Hién tugng nay co thé 1a do sy thiéu 6n dinh cua dong khi va nudce
thai phan phdi bén trong dém xoay. Su twong thich gitta mé hinh dong hoc va sé liéu
thue nghiém ciing duge mo ta trong Hinh 3.21. C6 thé thiy duoc ¢ luu lwong gid cang
cao thi dudng lién ctia mo hinh cang dich chuyén 1én trén so v6i két qua thuc té do su

thiéu 6n dinh ctia dong khi va nuée thai phan phdi bén trong dém xoay.
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Hinh 3.21. Dién bién ndng d6 amoni trong nudc thai qua qué trinh stripping voi pH; =
11 L/phut va Qu = 0,1 L/phut ¢ cac mirc Qg khac nhau
Chu thich: Cw: (0), In(C/CLi) (®). Dudng lien: m6 hinh phan (g dong hoc bac 1
Anh hwong cua luu lwong nuoc
Dua vao két qua thyc nghiém, mé hinh dong hoc phan tng bac 1 cho qué trinh
xtr Iy amoni theo mé & cac ché do Qr khac nhau duoc tinh toan va thé hién tai phuong
trinh (3.12) — (3.14) va Hinh 3.22 nhu sau:

e QL=0,05L/phit (R? = 0,99): C,, = 950 x ¢~00111¢ (3.12)
e QL=0,10 L/phit (R? = 0,98): C,, = 1220 x ¢~00158¢ (3.13)
e QL=0,20 L/phit (R? = 0,97): C,, = 1080 x ¢~00181¢ (3.14)

Tuong tu nhu anh hudng cta Qg, hang sb téc d6 dong hoc bac 1 k cling ting dan
khi luu lugng nude thai tudn hoan ting 1én. Cuy thé, k tang tir 0,011 min™' 1én 0,0181
min’! khi lvu lugng nude tudn hoan ting tir 0.05 1én 0.20 L/min. Piéu nay c6 thé dugc
giai thich twong tu nhu sy gia ting Kra & thi nghiém xir Iy amoni tiép dién muyc 3.1 (hinh
3.2 va 3.3). Su gia ting trong luu lugng nudc thai s& dan dén gia ting tai luong amoni
tham gia vao stripping trong mot don vi thoi gian dan dén hang sb toc do cua qua trinh
duogc cai thién. Hon nira, trong thi nghi€ém mé, vi¢c tang luu lugng nudc thai s€ giap rut
ngan khoang thoi gian gitra cac vong tuan hoan trong mé tir d6 cai thién toc d6 cia ca
mé thi nghiém. Do hoi quy ciling ¢ su giam nhe (R tir 0,99 xudng 0,97) khi luu luong
nuoc thai tang tir 0,05 — 0,20 L/min trong mo hinh dong hoc bac 1. Hién tugng nay cling
dén tir sy thiéu 6n dinh sy phan tdn nudc thai bén trong dém xoay & luu lugng nudc thai
16m. Su twong thich gitta m6 hinh dong hoc va s6 liéu thuc nghi¢m cling dugc mo ta
trong Hinh 3.22.
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Hinh 3.22. Dién bién ndng d6 amoni trong nudc thai qua qué trinh stripping voi pH; =
11 L/phut va Qg = 200 L/phut ¢ cac mirc Qv khac nhau
Chu thich: Cyt (0), In(CrLy/CLi) (®). Pudong lién: md hinh phan ing dong hoc bac 1

Tiéu két muc 3.2.1: két qua xir 1y két hop thu hoi amoni tir nude thai moé phong sir
dung thiét bi HP2R cho thiy pH ban dau = 12 dat hiéu suat xir 1y cao (pH 12: 94,0%; pH
11: 89,7%) nhung pH = 11 cho hiéu suit thu héi tot hon (77,1% so v6i 74,3%). Tang luu

luong khi giup pha loang NHj3, cai thién phan ing vé1 HoSO4, nhung qua 16n (Qg = 300
L/phut) 1am giam thoi gian tiép xuc, han ché hap thy. Tang luu lugng nude tir 0,05 1én
0,20 L/phut nang hiéu suét xir Iy tir 75% 1én 89,8%, nhung hiéu sut thu hdi giam dan
(74,6% — 69,2%). Két qua cho thiy can tdi wu dong thoi pH, lwu luong khi va luu lugng
nudce dé dat hidu qua xu ly — thu hdi amoni cao nhét.
3.2.2. Két qua xir Iy két hop thu héi amoni tiv nwdc ri rdc
a, Anh hwéng ciia Qg dén higu qud xiv Iy va thu hoi NH3-N

Anh huong cia luu lugng khi (Qg) dén hiéu suat loai bo va thu hdi amoni tir
nude ri rac bang thiét bi HP2R duoc minh hoa trong Hinh 3.23. V& kha ning loai bo
NH3-N, két qua cho thiy toc do loai bo NH3-N dugc cai thién dang ké khi luu lugng
khi ting 1én. Cu thé, tai Qr = 0,2 L/phut va Tr; = 30°C, it nhat 240 phut tuan hoan nudc
ri tAc v6i Qg = 50 L/phut 14 can thiét dé dat khoang 95% hiéu suat stripping (Hinh
3.23). Tuy nhién, thoi gian tudn hoan nay giam dang ké xudng con 180, 120 va 90 phut
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khi Qg tang 1én 100, 200 va 300 L/phut, twong Gng. Trong nghién ciru nay, su thay d6i
ctia Qg tir 50 dén 300 L/phut v6i Qr khong ddi ¢ muc 0,2 L/phut twong tng véi ty 18
Qa/Qv tir 250 dén 4500. Trong cac nghién ciru trude ddy vé viée sir dung cot dém dé
stripping amoni, thoi gian stripping ngin hon khi Qa/QL cao hon di duoc ghi nhan
trong qua trinh xtr ly nudce ri rac [88, 156]. Dos Santos va cdng sy (2020) ghi nhan
rang thdi gian luu nude ri rac trong cot stripping amoni quy moé thi diém dé dap tng
tiéu chuan xa thai ctia Brazil (dudi 20 mg/L) giam tir 216 gid xudng 168 gio khi Qa/QL
ting gap doi tir 45 1én 90 [88]. Thoi gian nay tham chi giam 12 1an (tir 12 ngdy xubng
con 1 ngay) khi Qg thay doi tir 1.600 L/gid 1én 4.500 L/gid trong nghién ctru ciia Ferraz
va cong su [156]. Cac nghién ctu trude ddy vé qua trinh stripping NH; khong tuan
hoan bang thiét bi HiGee cho thay ty 18 Qa/Qr cao hon din dén thoi gian tiép xuc khi-
1ong ngan hon nhung dong thoi 1am ting toc do 1am moi bé mit tiép xuc, tir d6 cai
thién dang ké qua trinh truyén khi khi-1ong trong qué trinh stripping amoni [128]. Két
qua thuc nghiém & phan 3.1 cling d3 ghi nhan hiéu suat stripping ting tir 42,2% lén
62,8% va hé sd truyén khoi Kra ting tir 0,0014 s~ 1én 0,0026 s trong qué trinh
stripping khong tuan hoan v&i nudc ri rac. Do d6, hiéu Gng nay c6 thé 1a nguyén nhan
dan dén thoi gian tuan hoan nudc ri rac ngin hon & Qa/Qr cao hon trong nghién ctu
nay. Su thay doi ctia pH trong nudc ri réc ciing dugc ghi nhan trong sudt qua trinh thi
nghiém va dugc minh hoa trong Hinh 3.25. Gia tri pH ctia nuéc ri rac déu giamtu 11,5
xudng duéi 10,8 khi nong do NH3-N dau vao Cr giam xudng dudi 100 ppm & cac mirc
luu lwong khi khac nhau, ngoai trir truong hop Qg = 300 L/phut (pH = 10,95 tai t =90
phut). Su giam pH ctia nudc ri rac 1 do sy stripping NH; cling nhu su hdp thu CO» tir
khong khi xung quanh. Hién tuong nay ciling dugc ghi nhan trong cac thi nghiém trudc
& muc 3.1. Thi nghiém véi Qg = 300 L/phit duoc thuc hién & ndng do6 NH3-N dau vao
thap nhat (1230 mg/L) va thoi gian stripping ngan nhét. Do d6, murc d6 giam pH do sy
stripping NH;3 va sy hap thu CO» da dugc giam thiéu.
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Hinh 3.23. Anh huong ctia Qg t6i hidu qua xir 1 (a) va thu hoi (b) amoni tir nude ri rac
bang thiét bi HP2R (Qr = 0,2 L/phtt, Tri = 30 °C)
Ky hiéu: Qg = 50 L/phit (o), Qs = 100 L/phtt (A), Qs = 200 L/phut (o), Qg = 300 L/phiit (<)

Vé qua trinh thu hdi amoni, sy phu thudc ctia hiéu suét thu hoi vao hiéu suat loai
b6 1a diéu khong thé phii nhan khi tong thoi gian can thiét dé dat dwoc 1 cudi cing
tuong ing voi tong thoi gian tudn hoan nude ri rac (Hinh 3.23b). Tuy nhién, su thay doi
ctiia Qg ciing cho thdy mot muc do anh hudng nhét dinh dén 1, cubi cung. Cu thé, n,
tang dang ké tir 67,1 + 1,00% 1én 79,0 + 0,67% khi QG tang tir 50 L/phat 1én 200 L/phut,
nhung giam nhe xudng 77,4 = 1,09% & Qg = 300 L/phut (Hinh 3.23a, 3.1%). Su bién
d6i clia Nrecover ¢6 thé duoc 1y giai boi su thay doi cua thoi gian luu khi, ché do suc khi
va nong d6 NH;3-N trong pha khi khi Qg thay doi. Khi luu luong khi 16n hon, thoi gian
luu cta khi ¢ thé bj han ché, nhung déng thoi tao ra diéu kién phan tan thuan lgi trong
bd héap thy, gitp ting cudng qua trinh truyén khéi ctia qua trinh hap thy. Lap luan nay
cling da dugc thao luan trong thi nghiém thu gitt CO> ctia Gul va Un (2022), trong d6
kha ning hap thy CO> tang nhe tir 66,27 1én 74,71 g COx/kg khi luu lugng khi thay doi
tr 2,5 1én 5 L/phtt [174]. Tuy nhién, khi Qg vugt qua 200 L/phut, tdc dong cua thoi gian
Iwu khi lai chiém wu thé so véi hiéu qua phan tan, din dén su giam kha niang hép thu
NH; mic du téc do truyén khdi van cao [175]. Ngoai ra, sy thay d6i cia nong d6 NH;
trong pha khi ciing can dugc xem xét vi qué trinh thu hoi amoni bang axit sulfuric 1a
mot qua trinh hap thu hoa hoc. Cu thé, NHs trong pha khi can dugc hoa tan vao dung
dich nuéc (Phuong trinh 3.15) trudce khi phan tng véi axit sulfuric (Phuong trinh 3.16)

dé tao thanh amoni sulfat.
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NH;(g) + H,0 < NH}(aq) + OH (aq) (3.15)
2NH7 (aq) + 20H™ (aq) + H,S0,(aq) » (NH,),S0,(aq) + 2H,0 (3.16)

Luu luong khi Qg thip hon ciing c¢6 thé 1am tang luc dan dong cho qua trinh
truyén khoi do sy chénh léch nong do gitra hai pha, tir d6 tao diéu kién thuan loi cho su
gia ting NH4" trong hé thong. Tuy nhién, trong mot hé thdng c6 phan tmg hoa hoc, ndng
d6 NH; ting qué 16n so v6i quy mo thé tich va ndng d6 cua dung dich hap thy ciing co

thé giam hiéu suét hap thu [176].
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Hinh 3.24. Anl} hudng cta Qg téi hiéu qua thu hdi amoni va tong thoi gian stripping
de dat < 100 mg/L NHj3 tai QL = 0.2 L/phat va Tri = 30 °C

Sy gia ting d6 pH trong dung dich hap thu trong sudt qua trinh thi nghiém dugc
quan sat thiy & ca bon muc Qg (Hinh 3.25). Vi du, d6 pH ting tir 1 1én khoang 1,6 dén
1,9 vao cubi thi nghiém. Sy gia ting pH theo thoi gian trong qua trinh thu hdi amoni 1a
dau hiéu cta sy hap thy NH; dién ra trong dung dich rira khi. Tuy nhién, trong nghién
clru ndy, gia tri pH cudi cung cao nhat cia dung dich hip thy khong lién quan dén nong
d6 amoni thu héi cao nhat. Nong d6 amoni thu héi cudi clng trong dung dich hap thy
dao dong tir 1930 + 28,28 ppm (Qg = 50 L/phit, Cri = 1300 ppm, pH cudi = 1,57) dén
3360 + 42,43 ppm (Qc = 200 L/phut, Cri = 1960 ppm, pH cudi = 1,68). Mtic pH cudi
cung cua dung dich hap thu ciing cho thdy rang don vi hap thy nay (1-L H2SO4 0,05 M)
van c6 thé duoc st dung cho thé tich mé 1én hon hoac néng dd amoni ban dau cao hon
cho dén khi dat dén diém bao hoa [156]. Su giam do pH cua nude ri rac theo thoi gian
dudi cac mirc Qg khac nhau trong qua trinh stripping amoni ciing dugc ghi nhan (Hinh

3.25). Nhin chung, d6 pH ctia nudc ri rac giam tir khoang 11,5 xudng khoang 10,8 vao
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cudi qua trinh stripping. Tuong ty véi su thay doi cia Cry, d6 pH ctia nudce ri rac giam
manh & giai doan dau (90 phut dau tién) va sau d6 giam dan vé cudi. Qg nhé hon, hoic

thoi gian stripping kéo dai hon, din dén do pH cudi cling cua nudc ri rac thip hon.

pH nudc ri rac
pH dung dich hip thu

1046 1 1 1 1 1 1 1 0.8
0 30 60 90 120 150 180 210 240

t (min)

Hinh 3.25. Dién bién ctia pH trong nudc ri rac va dung dich hap thy theo thoi gian
stripping tai bon ngudng Qg (Qu = 0,2 L/phut, Tr; = 30 °C)
Ky hi¢u: Qe =50 L/phut (0,e), Qc =100 L/phtit (A, A), Qe =200 L/phit (o,m), Qg =
300 L/phut (&, ®).

Céc gia tri pH cubi lan luot 13 10,95; 10,81; 10,80 va 10,73 tai cac mirc Qg la
300, 200, 100 va 50 L/phat. Méi twong quan giita pH cudi ciing véi thoi gian stripping
dai hon c6 thé duoc giai thich boi lwong CO, hap thy tir khi quyén vao nudc ri rac co
tinh kiém, diéu nay di dugc béo cao trong két qua stripping voi nudce thai chian nudi (tai
3.1.2) va nudc ri rac (tai 3.1.3). Mac du Qg thap hon, thoi gian stripping kéo dai hon da
lam ting tong lugng khong khi tiép xtc voi hé théng 1ong, dan dén pH cubi cling cia
nude ri rac thap hon so véi trudng hop c¢6 Qg cao hon va thoi gian stripping ngan hon.

b, Anh hwéng ciia Qi dén hi¢u qud xir Iy va thu héi NH;-N

Tac dong cta luu lugng nude ri rac dén qua trinh loai bo va thu hdi amoni bang
thiét bi HP2R duoc trinh bay trong Hinh 3.26. Tuong ty v6i anh hudng cia Qg, toc do
cAp nuéce ri rac nhanh hon ciing lam giam thoi gian luu dé dat hiéu suit loai bé amoni
cao nhat (Hinh 3.26a). Tong thoi gian stripping dé Cr dat 100 mg/L giam mdt nira (tir
180 xudng 90 phiit) khi Qv tang tir 0,05 1én 0,3 L/phut tai Qg ¢d dinh 1a 200 L/phut va
nhiét do chat long 1a 30°C. So véi két qua khao sat & ché do stripping khong tuan hoan,
mic du viée ting Qr c6 thé han ché hiéu suét stripping amoni do ty 1& Qa/QL bi giam,

nhung Kra c6 thé duge cai thién dang ké. Hiéu (mg nay tham chi con gitp rat ngan thoi
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gian stripping bat ké ndng do amoni ban dau khac nhau. Cuy thé, mat 180 phut dé giam
ndng d6 amoni tir 1320 mg/L xudng 100 + 20 mg/L & Qr = 0,05 L/phit, trong khi chi
can 120 phut dé giam ndng d6 tir 1960 ppm xudng 89,9 + 17 mg/L trong mé Qr = 0,2
L/phut (Hinh 3.26a). Tuy nhién, hiéu qua rat ngan thoi gian stripping khi ting Qr. khong
duoc ghi nhan trong qua trinh tuong tu thyc hién vé1 thap stripping. Vi du, trong nghién
clru cua Santos va cong su (2020), khi tdng Qv tr 20 1én 40 L/gio khi gilr nguyén céc
diéu kién thi nghiém khéc, thoi gian stripping lai kéo dai tir 168 1én 216 gio [88]. Trong
thap stripping truyén thdng, Qv cao hon c6 thé lam giam hiéu suét stripping do tao nén
dong chay giot thé tich 16n, 1am giam dién tich tiép xuc giita cac pha. Nguoc lai, toc do
quay 900 vong/phut trong thiét bi HP2R c6 thé tao ra sy phan bd chat long duéi dang
chay giot va chay mang thong qua va cham véi 16p dém & gia toc ly tAm 16n, gitp dam

bao tiép xuc hiéu qua giira cac pha ngay ca khi luu luong chét long cao.
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Hinh 3.26. Anh hudng cua luu lugng nuée thai téi hidu qua xtr 1y (a) va thu hoi (b)
amoni tir nudc ri rac st dung thiét bi HP2R (Qg = 200 L/phut, Tri = 30 °C)
Ky hiéu: QL = 0,05 L/phut (o), QL= 10,1 L/phut (A), QL = 0,2 L/phut (o), QL = 0,3
L/phut (&)

Hiéu suat thu hoi theo thoi gian & cac Qr khac nhau dugc trinh bay trong Hinh
3.26b. Mot su danh d6i nho gitra thoi gian stripping ngan hon va hiéu sut thu hdi amoni
thip hon mot chit duge quan sat khi Qr thay d6i tir 0,05 L/phut dén 0,3 L/phat (Hinh
3.27). Nrecover cao nhit dat 84,75 + 1,02% sau 180 phut stripping tai QL = 0,05 L/phut,
trong khi chi thu hoi dugc 75 + 0,92% amoni sau 90 phut tai Q. = 0,3 L/phiit. Higu suét
thu hoi & Q = 0,05 L/phut tham chi con cao hon so voi két qua tot nhat cua thi nghiém
trude. Tuwong ty nhu trudng hop Qg thap hon, Qi cao hon dan dén ndng d6 NH; trong pha

khi cao hon c6 thé gy trc ché v6i quy mo han ché cua bé hap thu. Anh huéng cua su suy
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giam chénh léch ndng do nay it ddng ké hon so v&i anh huéng ciia sy thay d6i Qg. Cu thé,
Nrecover chi giam chua dén 10% khi Qr tang tir 0,05 1én 0,3 L/phut, trong khi giam dén
12% khi Qg giam tir 300 xudéng 50 L/phuat (Hinh 3.27). Diéu nay co thé duoc giai thich

boi su 6n dinh cia Qg = 200 L/phit trong sudt cac thi nghiém voi cac Qr khac nhau.
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Hinh 3. 27. Anh huong ctia Qr téi hiéu suét thu hdi amonia va tong thoi gian stripping

dé dat < 100 mg/L NHj3 tai Qg = 200 L/phut va Tri = 30 °C

Su thay d6i pH trong nudc ri rac va dung dich hap thu axit cling dugc ghi nhin dudi
cac diéu kién Qr khac nhau va dugc trinh bay trong Hinh 3.27. i v6i nude ri rac, khong
gidng nhu sy thay ddi cua Q, gia tri pH cudi cliing cta nude i rac phu thudc vao nong do
ban dau cia amoni. Vi dy, mic giam pH thap nhat duoc quan sat 1a tir 11,53 xudng 10,81
sau 120 phat trong thi nghiém véi Cri cao nhét 1a 1960 mg/L va Qr = 0,2 L/phut. Nguoc
lai, gi4 tri pH cudi cing cao nhét cta nudc ri réc (10,92) dugc ghi nhan sau 180 phut trong
thi nghiém c6 Cri ban du thap nhat 1a 1320 ppm. Xu hudng nay cho thiy sy giam pH cta
nudc ri réc trong thi nghiém nay chi yéu phy thudc vao lwong NH; bi stripping, vi NH; 1a
mot bazo yéu theo 1y thuyét Bronsted-Lowry va Iy thuyét Lewis. Do su hap thy CO» vao
nudc ri réc trong sudt qué trinh stripping amoni dugc gia dinh 14 khong do6i véi Qg = 200
L/phut, luong NH3 bi stripping ra cang 16n thi pH cudi cting ctia nudc ri rac cang thap. Su
gia tang pH trong dung dich hap thy tai cic Qi khac nhau ciing dugc minh hoa trong Hinh
3.28. Tuong tu nhu cac thi nghiém v&i Qg khéc nhau, gié tri pH cia dung dich hap thy ting
tir 1 1én khoang 1,6 - 1,9 vao cudi thi nghiém.
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Hinh 3.28. Dién bién ctia pH trong nudc ri rac va dung dich hap thu theo thoi gian
stripping tai bén ngudng Qv (Qg =200 L/phut, Tri = 30 °C)
Ky hiéu: Qv = 0,05 L/phut (o), Qr = 0,10 L/phut (A), Qr = 0,20 L/phut (o), Qg =
0,30 L/phut (<)

¢, Anh hwéng ciia Tri dén higu qud xiv Iy va thu héi NH3-N

Nhiét d6 ban dau ctia nudc ri rac (TwLi) cling dugc khao sat trong qué trinh
stripping va thu héi NH3-N. V&i Qg ¢ 200 L/phut va Qr ¢ 0,2 L/phat, mau nude ri rac
gia nhiét va duy tri tai bé 6n dinh nhiét tai 30°C, 40°C va 50°C. Anh hudng cta Tii dén
qua trinh stripping va thu hoi NH3-N tir nude ri rac bang thiét bi HP2R dugc mo ta trong
Hinh 3.29. Déi v6i qué trinh stripping NH3-N, nhiét do cta chat 1ong 1a mot thong sd
quan trong vi n6 khong chi quyét dinh hang sé Henry ctia NH3 [171] ma con anh hudng
dén sy can bang gitta NH3/NH4" & mot mtrc pH nhét dinh [172]. Khi stripping NH3-N
khoi nuée i ric ¢ cac mirc Tri khac nhau, sy thay d6i ndng d6 NH3-N (Cri) gan nhu
gidng nhau & Tri = 30°C va 40°C. Hiéu suét loai bo cubi cung (removar) sau 120 phut &
Tri =40°C (98,12 + 0,45%) cao hon mdt chut so voi & Tri = 30°C (94,83 + 0,86%). Tuy
nhién, anh hudng dang ké cta nhiét 46 duoc ghi nhan tai Tri = 50°C, khi thoi gian
stripping amoni giam xudng con 90 phut dé dat 1yemovar = 97,35 £ 0,41% (twong g voi
ndng d6 amoni cudi cung 14 37,1 + 6 ppm trong nuée ri rac) (Hinh 3.29a, 3.21). Trong
mot nghién ciru gan day vé stripping removar bang sir dung théap tiép xtc, Leverenz va
cong su (2021) da su dung nhiét d trén 78°C dé loai bo hon 90% NH4*-N [177]. Yuan
va cong su (2016) ciing ghi nhan xu hudéng ting dang ké hiéu suét stripping amoni tir
nudc thai tong hop khi ting nhiét d6 chat 1ong ban dau tir 25°C 1én 40°C [128]. Du doan
rang viéc ting nhiét 6 chat 1ong din dén hang s Henry cao hon, khién nhiéu phan tir
amoni bay hoi nhanh hon vao pha khi. Trong nghién ciru nay, can luu y rang Ty chi

dugc kiém soat va do bang bé gia nhiét. Do d6, su thit thoat nhiét qua dudong 6ng va dic



123

biét 1 qua su tiép xtic nguge chiéu v6i khong khi xung quanh trong 16p vat liéu dém 1a
khong thé tranh khoi. Diéu nay c6 thé giai thich tai sao khong c6 sy cai thién dang ké
vé hiéu suat loai bo NH3 giita Tri = 30°C va 40°C trong thi nghiém nay. Dé khai thac
t6i da anh hudng cua nhiét d6 trong viée tdi uvu héa qua trinh stripping va thu hdi NHs,
mot hé théng kiém soat nhiét do toan dién va chat ché cho thiét bi stripping 1a diéu can
thiét dé tranh bat ky ton thit nhiét nao do qué trinh van chuyén chit long hodc anh hudng
bu trir tur tiép xuc pha. Vi dy, boc 16p vat li¢u dém béng bang gia nhi¢t trong qua trinh
stripping c6 thé giup giam ton that nhiét trong qué trinh van chuyén chit 16ng va phan
phéi chat 1ong bén trong 16p dém [128]. Hon nita, viéc sit dung hoi nudc & nhiét do cao
(105 — 150°C) ciing da dugc chimg minh 14 ¢ thé ting cuong manh m& qua trinh

stripping amoni [178].
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Hinh 3.29. Anh hudng cta nhiét d6 nudc thai téi hidu qua xt 1y (a) va thu hdi (b) amoni
tir nude ri rac st dung thiét bi HP2R (Qg = 200 L/phut, Qr = 0,2 L/phiit)
Ky hiéu: Tii = 30 °C (0), Tri = 40 °C (A), Tii = 50 °C ()

Qua4 trinh thu hdi amoni & cac mirc Tri khac nhau ciing dugc trinh bay trong Hinh
3.29b. Trai nguoc véi qua trinh stripping amoni, qua trinh hap thu Nyemevar ¢6 10i hon &
nhiét d9 thap, gitip ting do hoa tan ciia amoni theo nguyén 1y Le Chatelier [171, 176]. Vi
c4u hinh pha khi-1ong khong d6i, sy khac biét vé hiéu suat thu hdi amoni cudi cing (77;)
giita ba diéu kién Tyi 1a khong dang ké. Cu thé, fyemovar cudi ciing dao dong trong khoang
hep tir 79 + 1% dén 81 + 1,39% khi Tii thay d6i tir 30°C 1én 50°C (Hinh 3.29b, 3.21).
Viéc ghi nhan anh huong khong déng ké ctia Tri dén qué trinh thu hdi NH; 1a hop 1y do
hién twong thit thoat nhiét da dé cap trudc d6. Nhiét d6 phong cua dong khi vao va dung

dich hap thy dong vai tro chinh trong viéc bu trir phan 16n nhiét luong tir nudc ri rac.



124

90 150
51 x 1 120 E
&
?80 - 50
S 41 90 g
£ {60 =
B
- =
65 | 30 £

60 0

30 40 50
Ty (°C)

Hinh 3. 30. Anh hudng ciia Ti téi hiéu suat thu hdi amonia va téng thoi gian stripping
de dat < 100 mg/L NHj3 tai Qg = 200 L/phut va QL = 0,20 L/phut

Anh huong ctia cac mic Tri khac nhau téi qua trinh stripping cling dugc phan
anh qua sy bién d6i pH trong nudc ri rac va dung dich hap thu (Hinh 3.30). Vé pH ciia
nudec ri rac, nhiét do chét 16ng cang cao thi muc do giam pH cang dang ké. Cu thé, & T
50°C, pH cua nudc ri rac giam manh tr 11,5 xuéng 10,8 sau 20 phut va tiép tuc giam
dan xudng 10,5 khi 95% luong NH3-N dugc loai bo. Trong khi 6, mirc giam pH cia
nude ri rac & T 30°C va 40°C dién ra cham hon, tir 11,5 xuéng 10,7 sau 120 phut
stripping. O diéu kién nhiét d6 cao hon, NH3-N trong nudc ri rac c6 thé bi loai bo mot
phan do bay hoi trong bé gia nhiét, dan dén su suy giam pH nhanh hon. Tuong tu, céc
murc Tri khac nhau ciing anh hudng dén pH cta dung dich hap thu. pH cua dung dich
hép thy & TLi cao ting nhe nhiéu hon (tir 1,09 1én 1,85 sau 90 phat ¢ Tri 50°C) so véi
cac mirc Tri thip hon (1,83 ¢ Tri 40°C va 1,68 ¢ Tvi 30°C sau 120 phut).
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Hinh 3. 31. Dién bién cua pH trong nudc ri rac va dung dich hap thu theo thoi gian
stripping tai ba ngudng Tri (Qs =200 L/phut, Q. = 0,2 L/phut)
Ky hi€u: Tri = 30 °C (0), TLi = 40 °C (A), TLi = 50 °C (D).
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d, Két qud tinh todn mé hinh déng hoc qud trinh xi¢ Iy va thu héi amoni tiv nwéc

thdi ri rdac
Theo két qua thi nghiém thu dugc, 9 mé stripping NH; tir nudc ri rac bai chon lap
trong nghién ctru nay tuin theo dong hoc bac nhat (R? > 0,99). Tir phuong trinh dong
hoc bac nhat (2.17), hﬁng s6 toc do (Kvr) tinh theo m6 hinh dong hoc bac 1 cling dugc
tinh toan cho mdi mé stripping amoni tir nude ri rac. Tac dong tong thé cua Qq, QL va
Twi ddi véi Ki va téng thoi gian tuan hoan lai dé dat dugc 95% hiéu qua loai bé amoni
duogc trinh bay trong Hinh 2.32. R0 rang, viéc tang Qg, Qr hodc Twi co thé cai thién hiéu
sudt clia qua trinh stripping amoni va rat ngan thoi gian tuin hoan lai ctia nudc ri rac.
Luu lwong khi va nuée thai ¢6 anh hudng dang ké dén hé sb chuyén khéi trong qua trinh
stripping NH3. Cu thé, Ky ting gan gap ba lan (tir 0,74 h™' 1én 2 h™") khi Qg thay ddi tir
50 L/phut 1én 300 L/phat ¢ QL = 0,2 L/phut va Tri = 30°C. Tuong tu, Ki. cling dugc cai
thién tir 0,85 h'! 1én 2,14 h'! khi Q. tang tir 0,05 1én 0,30 L/phat & Qg = 200 L/phat va
Twi = 30°C. Su ting cuong toc d6 chuyén khdi twong Gng da lam giam thoi gian luu

nudc ri rac trong hé thong stripping dé dat dugc 95% hiéu qua loai bo NHi-N (tir 240

xuong 90 phut).
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(c)
Hinh 3.32. Anh huong ctia Qg (a), Qu (b) va Twi (c) téi Ki (tinh theo m6 hinh gid dong
hoc bac mot) cua qua trinh stripping amoni t61 Cre < 100 mg/L
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Mot sy cai thién twong tir ciia Kia khi ting Qg hodc Qu tinh tir mé hinh 1y thuyét
hai mang da duogc bao cdo trudc day trong qua trinh stripping amoni ttr nudc thai amoni
téng hop va nudc ri rac bang phuong phép stripping don chu ky st dung thiét bi HiGee.
Tuy nhién, chuyén khéi tinh tir mé hinh dong hoc ctia qua trinh stripping tudn hoan lai
thap hon rat nhiéu so v&i stripping don chu ky tir mé hinh 1y thuyét hai mang. Cu thé, Kia
trong qua trinh stripping NH3 tir nudce i rac st dung HP2R (tai muc 3.1.3) 1a 0,003 s,
twong duong khoang 10,8 h! (vi Qg = 142 L/phit, Qr = 0,2 L/phit va @ = 900 rpm), cao
hon dang ké so véi gia tri 1,55 h'! ¢ diéu kién van hanh twong tu (voi Qg = 200 L/phut,
Qv = 0,2 L/phiit va @ = 900 rpm). Tdc d6 chuyén khoi giam gitra hai ché do stripping o
diéu kién van hanh tuong tu c6 thé 1a két qua cua su giam néng dé amoni trong qua trinh
tuan hoan lién tuc. Kya trong stripping don chu ky dugc tinh toan dwa trén phép nhén giita
Qv va logarit ty nhién cua ty 16 ndng do dau vao va dau ra ctia amoni [132] (thudng cao
vi hiéu qua loai bo dat khoang 50%) v&i pHi gan nhu khong thay d6i ¢ 11,5. Mit khéc,
qua trinh stripping tuan hoan trong nghién ctru nay dya trén ndong d6 amoni ban dau/cudi
clng va tong thoi gian dé dat duge ndng do cudi ciing bat ké Qr ma khong co su giam pH
nhu da dé cap trong qua trinh ndy. Tang Twi cling c6 tac dong tich cuc dén ty 1¢ dong hoc
bac nhét khi Kia tang tr 1,55 h™' 1én 2,50 h''. Yuan va cdng su (2016) ciling da bao cdo su
cai thién lién quan dén Ky, trong qua trinh stripping NH3 tir nu6e thai tong hop st dung
HiGee khi nhiét d6 chat long tang tir 25 1én 40°C [128]. Mic du hang sb tbc d6 chuyén
khéi dong hoc bac nhat Ky thap hon so voi thi nghiém stripping NHs khong tuan hoan,
hiéu suit tong thé ctia qua ché do stripping tuan hoan st dung HP2R vén thé hién hiéu

qua vuot trdi so vai thap stripping truyén thong (Bang 3.4).
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Bdng 3.4. So sanh hiéu qua xur 1y va thu hdi NH3-N tir nudc ri rac st dung thiét bi HP2R

S6 mé./ oH, Q¢ QL TwLi Cui Cvt Nremoval Crecoverer Nrecover kL t
TLTK (L/min) (L/min) °O) (mg/L) (mg/L) (%) (mg/L) (%) (b (h)
1 11,5 50 0,2 30 1300 62,5 95,1 1930 67,1 0,738 4
2 11,5 100 0,2 30 1550 80,1 94,8 2620 76,6 0,978 3
3 11,5 200 0,2 30 1960 90 95,4 3360 79,1 1,548 2
4 11,5 300 0,2 30 1230 61 95,0 2010 77,4 2,004 1,5
5 11,5 200 0,05 30 1320 100 92,4 2350 84,8 0,846 3
6 11,5 200 0,1 30 1380 61 95,6 2460 82,1 1,23 2,5
7 11,5 200 0,3 30 1460 52 96,4 2310 75,1 2,142 1,5
8 11,5 200 0,2 40 1600 30,1 98,1 2900 81,3 1,956 2
9 11,5 200 0,2 50 1400 37,1 97,4 2450 80,5 2,478 1,5
Ferrazva 11 75 0,5 25 830 10 99 - - 0,180 24
cs. (2013)
[156] 11 27 0,5 25 1493 20 99 - 80 0,0154 288
Santos va
cs.(2020) 12 30 0,33 - 1087 15 99 - 92 - 192

[88]
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Cu thé, nghién ctru nay cho thiy hiéu qua stripping t6t hon (Zremovar > 95%, Ki. =
0,7 — 2,5 h™) véi hiéu qua thu hoi NH; twong d6i cao (recover = 67 — 85%) trong thoi
gian tuan hoan nuéc thai ngan (khoang 1,5 dén 2 gid) so véi cac nghién ctru trude day
str dung thap stripping két hop thap hap thy [88, 156]. Nong d6 NH;-N thu hoi duoc
turong dbi cao (trén 2000 mg/L) véi pH thip (pH < 2) vao cudi mdi mé xir Iy. Nong do
NH3-N cao nhat trong dung dich thu hoi duoc (3360 mg/L ~ 0,3%) van con cach xa so

v61 ham luong amonia trong phan bon 1ong thuong mai (20-21%) [179].

So sanh hiéu qua thu hdi NH3-N bang to hop HP2R/hap thu so véi cac nghién
cru gan ddy duoc trinh bay trong Bang 3.5. So véi thap stripping truyén théng [88],
HP2R dat duoc hiéu qua stripping nhanh hon véi kich thuéc nhé hon, ddng thoi van
duy tri hiéu suét thu héi NH; & mirc rat canh tranh. Khong can dya vao su khuéch tan
pha khi nhu trong hé théng tich hop stripping—hap thy, mang tiép xtc cho phép thu hoi
NH; gan nhu hoan toan ma khong xay ra ton that ¢ pha khi, vi qua trinh chuyén khéi
xay ra tryc tiép qua mang ky nudc vao dong axit. Tuy nhién, Schwiebert di chi ra rang
nhuoc diém cb hitu cta cong nghé mang 1 hién twong tic nghén mang, doi hoi phai bao
tri dinh ky hodc tién xtr Iy nudc thai phu hop dé dam bao hiéu suat bén vimng trong xir
Iy nudce dich yém khi [180]. Thu hdi NH; bang phuong phap dién hoa 1a mot cong nghé
m&i ndi khac v6i nhitng loi thé nhu loai bo va chuyén hoa dong thoi, khong can bd sung
hoa chat, van hanh theo mo-dun va hiéu qua thu héi NH; cao. Tuy nhién, phuong phap
nay co thé yéu cdu muc tiéu thu ning luong tuong dbi cao va ¢ rii ro phat thai khi Cl
& dién ap cao [181]. Mic du hiéu suat thu hdi cia HP2R thap hon so véi cac cong nghé
m&i ndi, nhung hé thong nay van c6 kha ning mé rong va thich tng t6t trong diéu kién
nudc thai phirc tap nhu nude ri rac. Ngoai ra, kha nang van hanh lién tuc voi thoi gian
luu ngén va kich thude thiét bi nho gon mang lai lgi thé thuc tién trong ung dung thuc
té. Tuy nhién, viéc t6i wu hoa thiét ké thap hép thu van 1a yéu td then chdt, vi cac hé

thdng hién tai van gap tinh trang that thoat NH;.
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Bdng 3.5. So sanh giira cac cong nghé thu hdi NH;

Loai Nong do

x Loai thié’t bi/ Nhiét nremoval nrecover
Nguon nuwéc NH;-N pH dé (".C) %) %) Ghi chu
A 0
thai (mg/L) Phwong phap ! ° o
Nude ri HiGee-based 67,1- Thiét ké nho gon
This study ] 1670 HP2R + H.SO4 11,5 30-50 95 248 ) )
rac , Yi oian tiép x0 4
scrubber Thoti gian tiép xic ngan
Santos va cs. Nude ri Thap stripping + Thoi gian tuan hoan dai (4 — 9 ngay)
] 1158 . 12 18,5 98 92
(2020) [88] rac hap thu Kich thudc 16n
_ Nudce Bit tic mang lam giam hiéu suat, yéu
Schwiebert va i P o, N , o
dich yém 1814 Mang tiép xuc 10 37 - 90 cau v¢ sinh dinh ky hoac tién xu ly
cs. (2024) [180] ) N
khi nudc thai bang UF
Khong hoa chét phu tro
oo vs Nuéc bién cyc hoa Nhu cau ning lugng 16n
ee va cs. Do
thai chan 2500 - 3000  hoc hai ngan - - 44,5 93,7 (28.2 kWh/kgN)

(2021) [181]

nudi

@ 938 A.m

San sinh nhiéu Cl; tai dién cuc cao
the
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Tiéu két muc 3.2.3: Thi nghiém vé xtr Iy va thu héi amoni tir nude ri rac st dung

thiét bi HP2R cho thdy, viéc ting Qa, Qu hodc nhiét d6 Tii gitp rit ngan thoi gian luu
nuée ri rac trong hé thong nho ting cudng tde do truyén khdi amoni. Thoi gian tudn
hoan can thiét dé dat hiéu sut loai bo 95% dao dong tir 1,5-4 gid, tuong ung véi K tir
0,74 dén 2,48 h™'. Hiéu sut thu hoi amoni bang thiét bi hap thu don dao dong tir 67,1—
84,8% va chiu anh hudng chinh boi ndng d6 amoni trong pha khi, von phy thudc vao
Qc va Qr. Piéu kién van hanh t6i vu dé dat 95% hiéu suét loai bo va 80% hiéu suat thu
hoi 1a: Qg = 200 L/phat, QL = 0,2 L/phut, téc d6 quay 900 vong/phut, Tr; tir 30—40 °C.
Dung dich thu hdi dat nong do amoni cao (1930-3360 mg/L). HP2R c6 tiém ning thay
thé cot dém truyén thdng & quy mo 16n, mang lai hiéu quéa thu hdi amoni cao vé6i thoi

gian luu ngan hon, huéng t4i xir Iy bén viing.
3.3. Pé xuat mé hinh &ng dung thiét bi HP2R dé xir 1y va thu hdi amoni trong nwéc
thai nong do cao quy md thue té

3.3.1. So bj chi phi vian hanh & quy mé 150 m’/ngay.dém

Pbi v4i hé thiét bi HP2R ¢ quy md 16n, cac thiét bi phu trg nhu bom nudc thai,
dong co quay va quat thoi khi s& duogc lwa chon dé phu hop véi cong suat 150

m>®/ngay.dém. Chi tiét vé céc thiét bi phu trg nhu sau:
- 01 Bom chim nuéc thai: Qmax = 0,2 m3/phut, Hmax = 5,9m, 0,15 kW/380V
- 01 Bong co quay moto truc chinh: 2,2 kW/380V — 3P/1800 RPM @50Hz
- 01 Quat thoi khi: cong suat 7,5kW 10 HP/380V/50Hz 12000 m*/h

Dbi voi quy mo thuc té, s& trang bi thém 01 hé thong thu hdi amoni tir khong khi
sau stripping tir thiét bi HP2R. Cac hé thiét bj phu tro di kém véi hé thong thu hdi amoni

duoc tinh nhu sau:
- 02 Bom dung dich hap thu: Q = 0,55 m*/phat, H= 11m, 0,75 kW/380V
Diéu kién van hanh & quy mo thyce té ctia hé thiét bi HP2R cu thé nhu sau:

- pH ctia nuée thai dugc ¢ dinh tai ngudng > 11.0, bang viéc cip hoa chit NaOH

hoac Ca(OH);;
- Téc d6 quay cua dém o = 900 rpm;

- Luu lugng nude thai tai bom chim: Q. = 0,1 m?/phut (twong duwong 150 m*/ngay);
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- Luu luong quat thoi khi: Qg = 100 — 200 m3/phat (6000 — 12000 m*/h) tuong
duong Qc/QL = 1000 —2000;
- Dung dich hép thu: H2SOq4 néng do 0,05 M;
- Luu lwong dung dich hap thu Qr s = 0,8 m*/phut (bdi 02 bom x 0,4 m*/phut/bom).
Chi phi xir Iy dugc hiéu 1a chi phi dé xtr Iy 1 m? nuée thai. Chi phi nay bao gom
chi phi nhin céng, chi phi hoa chat, va chi phi dién tiéu hao
X;clzch+th+Xd (317)
Trong d6: Xy - chi phi xur Iy d/m’;
Xue - chi phi nhén cong, d/m’;
Xie - chi phi héa chat, d/m?;
Xz - chi phi dién, nudc, d/m?;
a, Chi phi nhdn cong
Pbi voi hé thiét bi HP2R 150 m?/ngay.dém, nhan cong phu trach sé& 1a can bo
chuyén trach dbi v6i hé thong xir Iy nudc thai ri réc tai co s do hé thiét bi co thé van
hanh tu dong nho thiét 1ap theo ché do trude d6. Do do, chi phi nhan cong riéng cho don
vi HP2R xur ly amoni dugc lugc bo.
ch - 0
b, Chi phi héa chit
Déi véi quy trinh stripping amoni bang thiét bi HP2R, hoa chat sir dung s& 1a xut
cong nghiép NaOH hoic voi bot Ca(OH),. Muc dich st dung hoa chat dé nang pH 1én
11. V&i @6 pH ban dau ciia nudce ri rac vao khoang 7, qua cong thirc pH + pOH = 14,
ndéng d6 [OH-] can c6 trong nude thai sé can dat 10° M. Tir d6 tinh dugc néng do va
luong hoa chat can sir dung theo Bang 3.6.

Bdng 3.6. Chi phi hoa chét cho xir Iy amoni quy m6 150 m*/ngay.dém

Hoa chit sir dung Nong d0  Nong dd Gi4 tién Xhet
(1 trong 2 phwong 4n) (M) (kg/m’) (VND/kg)  (VND/m3)
NaOH cong nghiép 0,001 0,04 24.000 960

Vo1 bot Ca(OH): 0,0005 0,037 13.000 481
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Dbi v6i qua trinh thu hdi amoni sunfat, héa chat str dung s& 13 axit HoSO4 (dang
cong nghiép) véi vai tro dung dich hap thy khi NH; c6 trong dong khi sau stripping. Vi
hiéu suat xtr Iy amoni dat khoang 95% (theo tinh toan tir chuyén dé 5) tir nudc thai co
ndng d6 1000 mg/L, lwgng NH; can hap thu trong dong khi véi mdi m3 nudc thai 1a 950
g/m® (twong duong 52 mol/m®). Do d6, lwong H>SO4 can sir dung 1a 26 mol/m® nuée

thai, trong Ung va4i 2,548 kg H>SO4/m’.

Bdng 3.7. Chi phi héa cht tiéu hao cho thu hdi amoni quy mé 150 m*/ngay.dém

] Lidu lugng Gia thi truong m? Xhe2
Héa chat sir dung 3
(kg/m”) (VND/kg) (VND/m?)
H>SO4 cong nghiép
2,548 15.000 38.220
98%

Theo két qua danh gia quy trinh thu hdi amoni sau stripping & muc 3.2, hiéu suat
xtr 1y amoni dat 95%, tir nudc thai sang khi dat thu hoi amoni dudi dang mudi amoni
sunphat dat 80% so v&i lugng amoni dau véo trong nude thai. Lya chon ddi tuong xir Iy
13 nude thai nhiém amoni ndng do cao (NH4* = 1000 mg/L) (trung binh gitta nudc ri réc
va nudce thai chin nudi), ddi véi mdi ngay xir 1y, lwong amoni thu hdi véi mdi m? nudce
thai duoc tinh nhu sau:

Mamoni = 1 M3 X 1000g/m3 x 95% x 85% = 808g/m* = 0.801 kg/m3

Lay chi phi thu duoc tir 1 kg amoni sunfat thi truong 13 25.000 VND/kg. Chi phi

thu duoc tir amoni thu hdi trén 1 m® nude thai 1a:
Xm = 0,808 x 25.000 =20.216 VND/m?

Chi phi hoa chét tiéu ton téng cong dugc tinh tir chi phi héa chat tiéu thu trir di

chi phi thu hdi amoni sunfat:
Xhe = Xhel + Xhe2 - Xth
=960 + 38.220 — 20.216 = 18.964 = 19.000 VND (Sir dung NaOH)

= 481 +38.220 — 20.216 = 18.485 = 18.500 VND (Str dung Ca(OH)y)
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¢, Chi phi dién

Bang 3.8. Danh muyc thiét bi va dién nang ti€u hao cho qua trinh xur ly va thu hoi

amoni quy md 150 m’/ngay.dém

Thoi gian  Nang lwgng

. Con
) .« . Solugng R hoat dong  dién tiéu thu
STT May mac thiét bi o suat .
van hanh kW) trong trong ngay
ngay (h) (kWh/ng)
1 Bom nudce thai 1 0,15 24 3,6
2 DOng co quay 1 2,2 24 52,8
3 Quat théi khi 1 7,5 24 180
Bom dung dich hip
4 2 0,75 24 36
phu
TONG 272,4

Véi gia dién 3 pha 1a 1685 VND/kWh ddi v6i nhom dién san xuat dudi 6kV, chi
phi dién ning trén 1m?> nude thai s€ la:

X4 = 272,4 X 1685/150 = 3059 VND/m3 tuwong duong 1,82 kWh/m?

d, Tong chi phi xir Iy

Chi phi xtr Iy amoni d6i v6i 1m? nuéc thai ndng do 1000 mg/L amoni 1a:
X = Xne + Xne + Xa
=0+ 19.000 + 3.059 = 22.059 = 22.000 VND/m? (str dung NaOH)
=0+ 18.500 +3.059 =21.559 =21.500 VND/m? (st dung Ca(OH).)

Theo mét nghién ctru tong hop clia Zarebska va cong su [182], chi phi van hanh cho
cac phuong phap tién xir 1y va thu hdi amoni tir nude thai chan nuéi di duoc téng hop va
so sanh. Cac phuong phap tién xtr Iy va thu hoi amoni dugc danh gia gdm cé: siéu loc/loc
nano (UF/NF), siéu loc két hop thim thau nguoc (UF/RO), siéu loc két hop mang ngung
tu (UF/MD), stripping amoni bang cot tiép xuc (AS), két tia héa hoc (CP), siéu loc két
hop trao doi ion (UF/IE). Cac chi phi cho qua trinh van hanh dugc xét dén gém c6 chi phi
dién ning va chi phi hoa chit. Téng hop chi phi cho cic phuong phép trén dugc thé hién
trong bang dudi day:
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Bdng 3.9. Chi phi van hanh déi véi cac phuong phap tién xir Iy va thu hoi amoni (tinh
theo VND/m?® nudc thai chian nudi)

Chi phi Chiphi  Tong chi phi

Tiéu hao i
Phuong dién ning  héa chat van hanh (1)
. dién nang ) @ @) TLTK
a +
pap (kWh/m?)
(VND/m?*) (VND/m?)  (VND/m?%)
7.200 —
UF/NF 4,5-11 16.800 36.000
19.200
12.000 —
UF/RO 6,6 — 14,4 16.800 40.800
24.000
MD 0,2 480 26.400 26.880
4.800 — Zarebska va
UF/MD 2,5-9,1 26.400 40.800
14.400 cong su [182]
Amoniac
o 4,1 7.200 26.400 33.600
stripping
CP 0,8 2.400 309.600 312.000
12.000 —
UF/IE 2,3-89 208.800 223.200
14.400
HP2R/Hip 21.500—  Nghién ciru
1,81 3.059 18.020
thu 22.000 nay

C6 thé thiy, so voi phuong phap stripping bang thiét bi HP2R, chi phi dién ning
cho HP2R c6 kém hé thu hoi (1,81 kWh/m3) c6 chi phi dién ning thap hon so vé6i thap
hap thu thong thudng (4,1 kWh). Su tiét kiém trong ning luong dién tidu tén cuia hé thiét
bi HP2R dén tir wu diém hiéu suét truyén khéi va xtr Iy amoni rat nhanh, din dén thoi
gian dé dat hiéu qua xtr Iy mong mudn véi mot don vi thé tich 1a nhanh hon rat nhiéu so

v6i hé thong stripping thong thuong.

Vé chi phi & quy mo thuc té, chi phi van hanh duéi dang ti€u thu di¢n nang cho
bom nudc thai, may thoi khi va cac thiét bi bd trg (vi du: bom lam mat truc quay) c6 thé
dugc bu dip néu cong suit xtr 1y tiém cén quy mé thuc t& (vi du: Qr > 100 m3/ngiy)
thong qua dong san pham mudi NH4" thu hoi. Cac nghién ctru trong twong lai cling can
tap trung vao danh gia, xac dinh tudi tho thiét bi, chu ky thay thé va qua trinh 1am giau

mudi NHa* thu hdi dé phuc vu ing dung tiép theo ctia san pham thu hoi.
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3.3.2. Huéng dp dung mé hinh ¢ quy mé thwc té

Céc két qua thuc nghiém cho thiy t6 hop HP2R — hip thy ¢6 tiém ning cao trong
ting cuong qua trinh stripping va thu hdi amoni, dic biét ddi v6i cac dong nudc thai kho
xtr Iy nhu nuée ri rac va nude thai chin nudi sau phan huy ky khi. Nho dic diém thiét
ké nho gon, cuong do truyén khéi 16n va kha ning diéu chinh linh hoat cac thong s6 van
hanh, HP2R duogc xem 1a giai phap thay thé trién vong cho cac thap stripping truyén

thong trong dic€u kién han ché vé khong gian va yéu cau hi¢u qua xur ly cao.

Két qua nghién ctru chi ra rang luu luong khi (Qc) va luu lwong nude thai (Qr) 1a
cac thong s then chét chi phdi dong thoi hiéu qua stripping va thu hoi amoni khi xem
xét kha ning md rong quy mo. Viée ting Qg gitp nang cao hiéu suét loai bo NH3-N va
rt ngan thoi gian xr 1y, tuy nhién néu vuot qua ngudng t6i wu c6 thé lam giam hiéu qua
hép thu khi NH3 & cong doan thu hoi. Tuong tu, QL can duoc lya chon phu hop dé can
bang gitra thoi gian xir Iy va hiéu suat thu hoi. Do d6, khi trién khai & quy mé thuc té,
can xem xét sy danh d6i giita cong suat xtr 1y va hiéu qua thu hdi amoni, dong thoi vu
tién cac giai phap diéu khién linh hoat theo diéu kién van hanh. Viéc tang nhiét d6 nudc
thai c¢6 tac dung cai thién qua trinh stripping, tuy nhién trong diéu kién quy mé 1on,
thong sd nay chi nén duoc xem xét nhu mot yéu té bo trg do yéu cau ning luong cao.
Céc hudng tan dung nguén nhiét thai hodc nang luong tai tao c6 thé dugc can nhic trong
cac nghién ctru tiép theo nhdm ning cao tinh bén viing cua hé thdng. Két qua thuc
nghiém ciing cho thiy ning lyc ctia don vi hap thy déng vai tro quan trong trong kiém
so4t phat thai NH3 va nang cao hiéu suét thu hdi. Do d6, ddi vé6i cac img dung quy mo
16n hodc dong thai ¢ ndng do amoni cao, can dinh hudng nghién ctru cac cau hinh hip
thu tang cuong hoac hé hép thu nhiéu cép nham dam bao hiéu qua moi truong va thu
hdi tai nguyén.

Trén co s¢ d6, luan 4n dé xuat mé hinh tich hop HP2R cho xtt 1y va thu hoi amoni
dit sau cac cong doan tién xtr Iy thich hop trong hé théng xr Iy nudc thai hién hitu, nhu
minh hoa trong Hinh 3.33 va Hinh 3.34. M6 hinh nay mang tinh dinh hudng, nham lam
co s khoa hoc cho cac nghién ctru tiép theo vé thiét ké chi tiét, mé hinh héa va danh

gi4 kha nang trién khai trong thuyc tién.
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Clean gas

Thiét bi HP2R

Dong amoni

Dung
nong do cao

dich NH,*

S Hoa chat,
Hé thong

hap thu

phéan bén,...

Nuéc thai

Dong amoni
ndng dé thap

Hé thdng xt Iy nuwérc thai

Hinh 3. 33. Huéng tng dung thiét bi HP2R & quy md thuc té
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Hinh 3. 34. Quy trinh cong nghé dé xuat cho tmg dung thiét bi HP2R cho xtr 1y va thu hdi amoni ndng do cao tai hé thong xir Iy nude thai
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Tiéu két chwong III: Trong chuong ndy, cac thi nghiém da duoc tién hanh nham
danh gia anh hudng cua cac yéu té van hanh dén hiéu qua qua trinh stripping amoni tir
nuéc thai, bao gdm nude thai moé phong, nudc thai chin nudi va nude ri rac. Két qua
cho théy su khac biét dang ké vé hiéu suit loai bo amoni phu thudc vao dac tinh nguén
nude thai va cac didu kién van hanh nhu pH, nhiét dg, luu lugong khi va thoi gian tiép
xuc.Tiép theo, cac thi nghiém xir Iy két hop thu hdi amoni di dwgc thue hién cho ca
nudc thai md phong va nudc ri rac. Két qua chimg minh kha ning thu hdi amoni ¢ dang
mudi ¢ gia tri, ddng thoi giam dang ké ndng d6 amoni trong nude sau xu 1y, dap ung
cac yéu cau moi truong.

Nhin chung, qua trinh stripping amoni dat hiéu qua cao nhat & diéu kién pH kiém,
nhi¢t do phu hop va ty 1€ khi/ldng thich hop. Thi nghiém véi nudce thai méd phong, nudce
thai chan nudi va nudc ri rac cho théy hiéu suét loai b6 NH3-N dat trén 90% khi pH >
11, nhiét d6 > 30 °C, toc d6 vong quay trén 900 rpm va ty 18 Qa/Qr tir 1000 dén 2000.
Trén co s& cac két qua nghién ctru, mo hinh tng dung nguyén 1y tiép xtc ly tim trong
xtr 1y va thu hoi amoni bang thiét bi HP2R da duoc dé xuat cho quy md thuc té. Céc tinh
toan kinh té — k¥ thuat véi quy mé 150 m3/ngay.dém cho thay tinh kha thi va canh tranh

vé mdt chi phi so v4i cac qua trinh thu h6i amoni truyén thong.



139

KET LUAN VA KIEN NGHI

Két ludn

Nghién ctru d3 tip trung danh gid tiém ning cua thiét bi tiép xuc ly tAm hiéu ning
cao (HP2R) trong cong nghé stripping dé xir 1y va thu hoi amoni tir nudc thai mé phong,
nudc thai chan nudi lon va nude ri rac. Tir nhimng két qua thu duoc tir ndi dung nghién
cliru cua ludn an, tac gia xin dua ra mot s6 két luan chinh nhu sau:

1. B6i v6i nudce thai mé phong, thiét bi phan ing hiéu ning cao dang quay HP2R
cho thay kha ning ting cuong truyén khéi rd rét trong qua trinh stripping amoni. Hiéu
suat xtr Iy NH3-N dat trén 95% trong diéu kién pH > 11, toc d6 quay o = 900 rpm va ty
1 Qa/QL > 800, véi hé s6 chuyén khdi tong quat Kia ting gap nhiéu 1an so vai diéu kién
tiép xtic trong lwc. Két qua khing dinh vai tro chi phdi cta trudng luc ly tim va cac
thong sb van hanh chinh (pH, o, Qa/Qv) dbi véi dong hoc truyén khéi khi — 1ong.

2. Béi véi nudc thai chan nudi, qua trinh stripping bang HP2R cho hiéu qua loai
b6 amoni dat 85-90%, cho thay kha niang xir 1y hiéu qua dbi véi dong thai co ty 18 C/N
thap va tai luong nito cao. Anh hudng cia pH, @ va Qa/QL toi hidu suat xtr Iy va KLa
duoc thé hién 5 rang, tao co s¢ xac dinh diéu kién van hanh t6i vu dé gidm nhanh néng
d6 amoni trude cac cong doan xir 1y sinh hoc tiép theo.

3. P6i v6i nudc ri rac, HP2R duy tri hiéu qua xt 1y cao ngay ca & nong d6 amoni
dau vao 16n (CLi > 1.000-1.400 mg NH3-N/L). Hiéu suit xir 1y dat khoang 90-95%,
d6ng thoi hiéu suét thu hoi amoni dat t6i 80-85% khi két hop stripping — hap thu. Cac
thong s6 ©, Qg va nhiét do nude thai (TLi) c6 anh hudng déng ké dén thoi gian stripping
va gia tri KLa, cho phép xac dinh cac khoang van hanh pht hop nham dat nong d6 NHs-
N dau ra < 100 mg/L trong thoi gian xr Iy ngan

4. Xét chung cho cé ba loai nudc thai, cac diéu kién van hanh t4i wu cho qua trinh
stripping va thu hdi amoni bang thiét bi HP2R dugc xac dinh trong vung pH kiém (pH
11-12), tdc do quay trung binh dén cao (© = 900 rpm), ty 18 luu luong khi/nude 16n
(Qa/Qr > 800) va nhiét do nudc thai & mirc trung binh (khoang 30 °C). Trong céc diéu
kién nay, qua trinh dat duoc sy cin bang t6i uu gitra hiéu suat xir 1y, hé sd truyén khoi
Kia, thoi gian stripping va hiéu sudt thu hdi amoni, dong thoi han ché cac rui ro van
hanh khi xur 1y nude thai thyc té.

5. Két qua tinh toan so bo chi phi van hanh & quy mé 150 m*/ngay.dém & mirc
21.500 — 22.000 VND/m?. Mo hinh duoc dé xuat & budc tién xir Iy trong hé thong (sau
bé diéu hoa) khi trién khai & quy md thyc té dé dat hiu qua t6i da vé xur 1y va thu hoi

amoni tinh khiét, tranh tap chit trong dung dich amoni thu hoi.
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Kién nghi

Thong qua nhitng két qua thu dwgc va nhirg khé khin, thach thirc gip phai trong
qua trinh thyc hién nghién clru, nghién ctru sinh xin dua ra mot s6 kién nghi sau cho céc
huong nghién ctru mo rong trong tuong lai:

1. Can tiép tuc nghién ciru chuyén sau vé co ché truyén khéi trong thiét bi HP2R
thong qua méd phong dong luc hoc chat 1ong (CED), tip trung t6i wu hoa céu tric roto
va vat liéu dém nham nang cao hi¢u suét truyén khdi va han ché tic nghén khi xtr 1y cac
loai nudc thai thuce té. Cac nghién ciru & quy mo pilot va ban céng nghiép ciing can duoc
trién khai dé kiém chtng tinh 6n dinh va kha ning mé rong cua thiét bi trong diéu kién
van hanh lién tuc.

2. Céc van dé co — nhiét phat sinh khi van hanh ¢ tdc do quay cao, nhu qua nhiét
do ma sat va rung dong truc réto, can dugc phan tich va danh gia siu hon nham hoan thién
thiét ké va nang cao do bén, do tin cay cua thiét bi trong qua trinh van hanh lién tuc.

3. Can nghién ctru bo sung cac hién tuong phat sinh trong qua trinh stripping thuc
té, bao gdbm cin bam trén vat liéu dém va su dong stripping ciia cac hop chat dé bay hoi
khac, nham lam r& anh hudng cta chiing t6i hiéu suat thu hoi va chét luong amoni, qua

d6 mo rong co sé khoa hoc cho cac hudéng tng dung tiép theo.
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Bang A- 1. Két qua khao sat cac yéu to anh hudng va van hanh dén hiéu qua xir Iy amoni tir nude thai mo phong

Q¢ Qo Qc/QL CLi TB CL,
STT | pHi | @(pm) | 4 i) (L/min) ) (mg/L) (mg/L) 7 Kia
I 9 300 85 0.1 855 1000 970 30 | 6.7E-05
2 9 300 159 0.1 1587 1000 950 50 | 0.000113
3 9 300 214 0.1 2136 1000 952 48 | 0.000107
4 9 300 305 0.1 3052 1000 894 10.6 | 0.000247
5 9 600 85 0.1 855 1000 946 54 | 0.000124
6 9 600 159 0.1 1587 1000 926 74 | 0.00017
7 9 600 214 0.1 2136 1000 905 9.5 | 0.000221
8 9 600 305 0.1 3052 1000 380 120 | 0.000282
9 9 900 85 0.1 855 1000 930 70 | 0.000165
10 9 900 159 0.1 1587 1000 891 10.9 | 0.00026
T 9 900 214 0.1 2136 1000 852 148 | 0.000361
12 9 900 305 0.1 3052 1000 823 17.7 | 0.000435
13 9 1200 85 0.1 855 1000 926 74 | 0.000175
14 9 1200 159 0.1 1587 1000 873 127 | 0.000308
15 9 1200 214 0.1 2136 1000 823 17.7 | 0.000443
16 9 1200 305 0.1 3052 1000 817 183 | 0.000452
17 10 300 85 0.1 855 1000 828 172 | 0.000468
13 10 300 159 0.1 1587 1000 635 365 | 0.001161
19 10 300 214 0.1 2136 1000 572 428 | 0.001396
20 10 300 305 0.1 3052 1000 525 47.5 | 0.001555
21 10 600 85 0.1 855 1000 717 283 | 0.000929
2 10 600 159 0.1 1587 1000 526 474 | 0.00176
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Q¢ Qo Qc/QL CLi TB CL,

STT | pHi | @ (pm) | 4 i) (L/min) ) (mg/L) (mg/L) 7 Kia
23 10 600 214 0.1 2136 1000 441 559 | 0.002177
24 10 600 305 0.1 3052 1000 365 63.5 | 0.002563
25 10 900 85 0.1 855 1000 632 368 | 0.001438
26 10 900 159 0.1 1587 1000 470 53.0 | 0.002154
27 10 900 214 0.1 2136 1000 404 59.6 | 0.002458
28 10 900 305 0.1 3052 1000 363 63.7 | 0.002578
29 10 1200 85 0.1 855 1000 620 38.0 | 0.001526
30 10 1200 159 0.1 1587 1000 442 558 | 0.00238
31 10 1200 214 0.1 2136 1000 418 582 | 0.002347
32 10 1200 305 0.1 3052 1000 342 658 | 0.002751
33 T 300 85 0.1 855 1000 726 274 | 0.000885
34 1 300 159 0.1 1587 1000 658 342 | 0.001056
35 T 300 214 0.1 2136 1000 608 392 | 0.001225
36 1 300 305 0.1 3052 1000 559 441 | 0.00139
37 T 600 85 0.1 855 1000 613 387 | 0.00158
33 T 600 159 0.1 1587 1000 472 528 | 0.002138
39 1 600 214 0.1 2136 1000 417 583 | 0.002355
40 1 600 305 0.1 3052 1000 343 657 | 0.002743
41 1 900 85 0.1 855 1000 559 44.1 | 0.002064
Iy T 900 159 0.1 1587 1000 408 592 | 0.002688
43 1 900 214 0.1 2136 1000 340 66.0 | 0.003036
44 1 900 305 0.1 3052 1000 261 73.9 | 0.003558
45 1 1200 85 0.1 855 1000 497 503 | 0.002838
46 T 1200 159 0.1 1587 1000 353 647 | 0.003281
47 T 1200 214 0.1 2136 1000 277 723 | 0.003763
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Q¢ Qo Qc/QL CLi TB CL,

STT | pHi | @ (pm) | 4 i) (L/min) ) (mg/L) (mg/L) 7 Kia
43 1 1200 305 0.1 3052 1000 207 793 | 0.004276
49 12 300 85 0.1 855 1000 721 279 | 0.000909
50 12 300 159 0.1 1587 1000 636 364 | 0.001156
51 12 300 214 0.1 2136 1000 589 411 | 0.001313
52 12 300 305 0.1 3052 1000 556 444 | 0.001404
53 12 600 85 0.1 855 1000 603 397 | 0.00166
54 12 600 159 0.1 1587 1000 465 535 | 0.002192
55 12 600 214 0.1 2136 1000 416 534 | 0.002363
56 12 600 305 0.1 3052 1000 361 63.9 | 0.00259%
57 12 900 85 0.1 855 1000 551 449 | 0.002148
58 12 900 159 0.1 1587 1000 419 58.1 | 0.002584
59 12 900 214 0.1 2136 1000 344 656 | 0.002995
60 12 900 305 0.1 3052 1000 260 740 | 0.00357
61 12 1200 85 0.1 855 1000 489 5.1 | 0.002963
62 12 1200 159 0.1 1587 1000 347 653 | 0.003355
63 12 1200 214 0.1 2136 1000 282 71.8 | 0.003698
64 12 1200 305 0.1 3052 1000 221 779 | 0.004071
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Bing A- 2. Két qud khdo sdt cdc yéu té anh hwéng va vin hanh dén hiéu qua xiv Iy amoni tiv nuwéc théi chin nudi

‘ ‘ Higu HE s

Dieu kién thi nghiém Nong do amoni suat xw chuxén
STT Iy khéi
Q¢ QL Qc/QL Cui Mean Cy, Mean Mean

pHi o (pm) |1 imin) (L/min) ©) (mg/L) (mg/l) | H(%) | K

1 10 300 216 0.1 2160 688 489 28.92 0.0008
2 11 300 216 0.1 2160 513 312 39.18 0.0012
3 12 300 216 0.1 2160 576 343 40.45 0.0013
4 1 300 216 0.1 2160 576 343 40.45 0.0013
5 11 600 216 0.1 2160 513 312 39.18 0.0012
6 11 900 216 0.1 2160 513 241 53.02 0.0020
7 11 1200 216 0.1 2160 513 292 43.08 0.0014
8 11 900 116 0.1 1163 513 292 43.08 0.0017
9 11 900 216 0.1 2160 513 213 58.48 0.0024
10 11 900 291 0.1 2908 513 177 65.50 0.0028
1 1 900 415 0.1 4154 513 137 73.29 0.0033
12 1 1200 116 0.1 1163 513 268 47.76 0.0020
13 1 1200 216 0.1 2160 513 191 62.77 0.0027
14 1 1200 291 0.1 2908 513 154 69.98 0.0032
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Dieu kién thi nghiém Nong do amoni suat xur chuxén
STT ly khoi
Qg QL Qc/QL Cui Mean Cy, Mean Mean

pHi | o (rpm) : . 0 -1

(L/min) (L/min) (-) (mg/L) (mg/L) H (%) Kia (s')

15 11 1200 415 0.1 4154 513 112 78.17 0.0038
16 11 900 216 0.05 4320 712 220 69.10 0.0014
17 11 1200 216 0.05 4320 712 195 72.61 0.0016
18 11 900 216 0.1 2160 712 364 48.88 0.0017
19 11 1200 216 0.1 2160 712 327 54.07 0.0020
20 11 900 216 0.15 1440 712 432 39.33 0.0020
21 11 1200 216 0.15 1440 712 401 43.68 0.0024
22 11 900 216 0.2 1080 712 477 33.01 0.0022
23 11 1200 216 0.2 1080 712 452 36.52 0.0026
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Bdng A- 3. Két qud khdao sdt cdc yéu to anh huong va vin hanh dén hiéu qud xw ly amoni tir nwéc ri rdc

Piéu kién thi nghiém Nong do amoni Hiél} Sl,lﬁt HE 50 cllu yén
STT xuwr ly khoi
pHi | © (rpm) (L?nf’in) (L/anin) Q‘E/ ?L (ng7L) (Tnlfg%’ TBy (%) | TB Kia (sV)
L 8.5 600 76 0.1 762 1210 1151 4.88 0.00011
2. 8.5 600 142 0.1 1416 1210 1172 3.14 0.00007
3. 9.5 600 76 0.1 762 1180 904 23.39 0.00073
4. 9.5 600 142 0.1 1416 1180 834 29.32 0.00087
>. 10.5 600 76.23 0.1 762 1250 900 28.00 0.00095
6. 10.5 600 141.56 0.1 1416 1250 748 40.16 0.00138
7. 11.5 600 76.23 0.1 762 1230 864 29.76 0.00105
8. 11.5 600 141.56 0.1 1416 1230 714 41.95 0.001481
9. 9.5 300 142 0.1 1416 1180 931 21.10 0.00057
10. 9.5 600 142 0.1 1416 1180 834 29.32 0.00087
11. 9.5 900 142 0.1 1416 1180 755 36.02 0.00117
12. 9.5 1200 142 0.1 1416 1180 728 38.31 0.00128
13. 10.5 300 142 0.1 1416 1250 900 28.00 0.00081
14. 10.5 600 142 0.1 1416 1250 748 40.16 0.00138
15. 10.5 900 142 0.1 1416 1250 694 44 .48 0.00163
16. 10.5 1200 142 0.1 1416 1250 613 50.96 0.00209
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Piéu kién thi nghiém

Nong d§ amoni

Hi¢u suat

H¢ so chuyén

STT xir ly khéi
pHi | o (rpm) (L?nfin) (L/QmLin) Q?/)Q " (ng?iL) (Tnl?g/clf; TBy (%) | TB Kia(s")
17. | 115 300 142 0.1 1416 1230 876 28.78 0.00085
18. | 115 600 142 0.1 1416 1230 714 41.95 0.00148
19. | 115 900 142 0.1 1416 1230 630 48.78 0.00192
20. | 115 1200 142 0.1 1416 1230 547 55.53 0.00247
21. | 115 300 76 0.1 762 1230 978 20.49 0.00060
2. | 115 300 142 0.1 1416 1230 876 28.78 0.00085
23, | 115 300 191 0.1 1906 1230 848 31.06 0.00090
24. | 115 300 272 0.1 2722 1230 804 34.63 0.00100
25. | 115 600 76 0.1 762 1230 864 29.76 0.00105
26. | 115 600 142 0.1 1416 1230 714 41.95 0.00148
27. | 115 600 191 0.1 1906 1230 636 48.29 0.00173
28. | 115 600 272 0.1 2722 1230 553 55.04 0.00201
29. | 115 900 76 0.1 762 1230 795 3537 0.00142
30. | 115 900 142 0.1 1416 1230 630 48.78 0.00192
3. | 115 900 191 0.1 1906 1230 555 54.88 0.00217
32. | 115 900 272 0.1 2722 1230 458 62.76 0.00256
33, | 115 1200 76 0.1 762 1230 692 43.74 0.00224
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Piéu kién thi nghiém

Nong d§ amoni

Hi¢u suat

H¢ so chuyén

STT xir ly khéi
pHi | ® (rpm) (L?nfin) (L/QmLin) Q?K)QL (ngL/iL) r{ﬂ?g?ﬁ; TB 5y (%) | TB Kia (s
34, | 115 | 1200 142 0.1 1416 1230 547 55.53 0.00247
35. | 115 | 1200 191 0.1 1906 1230 470 61.79 0.00274
36. | 115 | 1200 272 0.1 2722 1230 371 69.84 0.00321
37. 11.5 600 142 0.05 2831 1380 611 55.72 0.00102
38. 11.5 900 142 0.05 2831 1380 481 65.14 0.00137
39. 11.5 1200 142 0.05 2831 1380 436 68.41 0.00152
40. 11.5 600 142 0.1 1416 1380 758 45.07 0.00167
41. 11.5 900 142 0.1 1416 1380 700 49.28 0.00196
42. 11.5 1200 142 0.1 1416 1380 627 54.57 0.00239
43. 11.5 600 142 0.15 944 1380 890 35.51 0.00193
44, 11.5 900 142 0.15 944 1380 834 39.57 0.00234
45. 11.5 1200 142 0.15 944 1380 746 45.94 0.00314
46. 11.5 600 142 0.2 708 1380 939 31.96 0.00246
47. 11.5 900 142 0.2 708 1380 876 36.52 0.00319
48. 11.5 1200 142 0.2 708 1380 851 38.33 0.00354
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Bing A- 4. Két qui tinh todn cic hé sé trong mé hinh xii Iy amoni tir nwde ri ric bang bang thiét bi HP2R 6 pH; = 9.5

Diéu kién thi nghiém Nong do amoni H¢é s6 md hinh du do4an Két qua thwe t& | M6 hinh dv doén

STT| o Q¢ QL Qc/Qu| Cui Cro Griave Reg Rer n KiLa n Kra

(rpm) | (L/min) | (L/min) | (-) |(mg/L) |(mg/L) ) ) ) (%) s (%) ™
1 300 76 0.1 762 1180 961 | 2027788166 7.613 0.19015 |18.56 | 0.00053 |17.12 | 0.00047
2 300 142 0.1 1416 | 1180 931 | 2027788166 | 14.139 | 0.19015 |21.10 | 0.00057 |22.57| 0.00061
3 300 191 0.1 1906 | 1180 894 | 2027788166 | 19.033 0.19015 |24.24 | 0.00065 |25.55| 0.00070
4 300 272 0.1 2722 | 1180 860 | 2027788166 | 27.190 | 0.19015 |27.12| 0.00073 |29.45| 0.00081
5 600 76 0.1 762 1180 904 | 8111152663 7.613 0.19015 |23.39 | 0.00073 |21.61| 0.00065
6 600 142 0.1 1416 | 1180 834 | 8111152663 | 14.139 | 0.19015 |29.32| 0.00087 |28.63 | 0.00084
7 600 191 0.1 1906 | 1180 766 | 8111152663 | 19.033 0.19015 |35.08 | 0.00106 |32.40| 0.00095
8 600 272 0.1 2722 | 1180 713 | 8111152663 | 27.190 | 0.19015 |39.58 | 0.00120 |37.24| 0.00110
9 900 76 0.1 762 1180 879 | 18250093491 | 7.613 0.19015 |25.51 | 0.00082 |24.54| 0.00078
10 | 900 142 0.1 1416 | 1180 755 | 18250093491 | 14.139 | 0.19015 |36.02 | 0.00117 |32.62| 0.00101
11 | 900 191 0.1 1906 | 1180 704 | 18250093491 | 19.033 0.19015 |40.34| 0.00130 [36.90| 0.00114
12 | 900 272 0.1 2722 | 1180 651 | 18250093491 | 27.190 | 0.19015 |44.83 | 0.00144 |42.32| 0.00133
13 | 1200 76 0.1 762 1180 867 |32444610651 | 7.613 0.19015 |26.53 | 0.00087 |[26.73 | 0.00089
14 | 1200 | 142 0.1 1416 | 1180 728 | 32444610651 | 14.139 | 0.19015 |38.31| 0.00128 |35.64| 0.00115
15 | 1200 | 191 0.1 1906 | 1180 681 |32444610651 | 19.033 0.19015 [42.29 | 0.00140 [40.29 | 0.00130
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Diéu kién thi nghiém Nong do amoni H¢é s6 md hinh du do4an Két qua thwe t& | M6 hinh dv doén
STT | o Qc Qu | Q6/Qu| Cui CLo Grravg Reg ReL n KLa n Kira
(rpm) | (L/min) | (L/min) | (-) | (mg/L) (mg/L) ) ) ) (%) ™) (%) ™

16 | 1200 | 272 0.1 2722 | 1180 616 |32444610651 | 27.190 0.19015 |47.80| 0.00159 [46.13| 0.00151

17 | 600 142 0.05 2831 | 1310 836 | 8111152663 | 14.139 0.09508 |36.18 | 0.00053 |39.34| 0.00059

18 | 900 142 0.05 2831 | 1310 803 | 18250093491 | 14.139 | 0.09508 |38.70 | 0.00058 |44.59 | 0.00071

19 | 1200 | 142 0.05 2831 | 1310 748 | 32444610651 | 14.139 0.09508 |42.90| 0.00067 [48.50| 0.00081

20 | 600 142 0.1 1416 | 1310 919 | 8111152663 | 14.139 0.19015 |29.85| 0.00089 |28.63| 0.00084

21 | 900 142 0.1 1416 | 1310 881 | 18250093491 | 14.139 0.19015 |32.75| 0.00101 [32.62| 0.00101

22 | 1200 | 142 0.1 1416 | 1310 831 |32444610651 | 14.139 0.19015 |36.56| 0.00119 |35.64| 0.00115

23 | 600 142 0.15 944 1310 | 1010 | 8111152663 | 14.139 0.28523 |22.90| 0.00100 |23.34| 0.00103

24 | 900 142 0.15 944 1310 991 | 18250093491 | 14.139 0.28523 |24.35| 0.00109 |26.58 | 0.00123

25 11200 | 142 0.15 944 1310 954 |32444610651 | 14.139 0.28523 |27.18 | 0.00127 [29.03| 0.00141

26 | 600 142 0.2 708 1310 | 1060 | 8111152663 | 14.139 | 0.38031 |19.08 | 0.00111 |20.02| 0.00119

27 | 900 142 0.2 708 1310 | 1040 | 18250093491 | 14.139 0.38031 |20.61| 0.00124 |22.77| 0.00143

28 | 1200 | 142 0.2 708 1310 | 1020 |32444610651 | 14.139 0.38031 |22.14| 0.00137 |24.83 | 0.00162
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Bing A- 5. Két qui tinh toin cdc hé sé trong mé hinh xii Iy amoni tir nude ri ric bang thiét bi HP2R 6 pH; = 10.5

Piéu kién thi nghiém Nong do amoni Hé s6 md hinh du do4an Két qua thwe t& | M6 hinh du doan

STT| o Qc QL Qc/QL | Cui Cro GrL,avg Rec ReL i Kra n Kra

(rpm) | (L/min) | (L/min) | (-) | (mg/L) | (mg/L) ) ) ) (%) ™ (%) ™
1 300 76 0.1 762 1250 995 2027788166 | 7.613 | 0.19015 | 20.40 | 0.00060 |20.73 | 0.00061
2 300 142 0.1 1416 | 1250 900 | 2027788166 | 14.139 | 0.19015 | 28.00 | 0.00081 | 27.89 | 0.00081
3 300 191 0.1 1906 | 1250 873 2027788166 | 19.033 | 0.19015 | 30.16 | 0.00086 |31.82 | 0.00093
4 300 272 0.1 2722 | 1250 823 2027788166 | 27.190 | 0.19015 | 34.16 | 0.00098 | 36.92 | 0.00109
5 600 76 0.1 762 1250 900 8111152663 | 7.613 | 0.19015 | 28.00 | 0.00095 |28.54 | 0.00098
6 600 142 0.1 1416 | 1250 748 8111152663 | 14.139 | 0.19015 | 40.16 | 0.00138 | 38.68 | 0.00130
7 600 191 0.1 1906 | 1250 669 8111152663 | 19.033 | 0.19015 | 46.48 | 0.00163 | 44.01 | 0.00149
8 600 272 0.1 2722 | 1250 608 8111152663 | 27.190 | 0.19015 | 51.36 | 0.00179 | 50.68 | 0.00175
9 900 76 0.1 762 1250 864 | 18250093491 | 7.613 | 0.19015 |30.88 | 0.00112 | 33.58 | 0.00129
10 | 900 142 0.1 1416 | 1250 694 | 18250093491 | 14.139 | 0.19015 |44.48 | 0.00163 | 45.76 | 0.00172
11 900 191 0.1 1906 | 1250 604 | 18250093491 | 19.033 | 0.19015 |51.68 | 0.00195 | 51.95| 0.00196
12 | 900 272 0.1 2722 | 1250 513 | 18250093491 | 27.190 | 0.19015 |58.96 | 0.00228 | 59.43 | 0.00231
13 | 1200 76 0.1 762 1250 748 | 32444610651 | 7.613 | 0.19015 |40.16 | 0.00184 | 37.25| 0.00157
14 | 1200 142 0.1 1416 | 1250 613 | 32444610651 | 14.139 | 0.19015 |50.96 | 0.00209 | 50.97 | 0.00209
15 | 1200 191 0.1 1906 | 1250 509 | 32444610651 | 19.033 | 0.19015 |59.28 | 0.00252 | 57.74 | 0.00239
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Piéu kién thi nghiém Nong do amoni H¢é s6 md hinh du doan Két qua thwe t& | M6 hinh du doan
STT| @ Qc Qu | Qc/Qu| Cui Cro GriLavg Reg ReL n Kira n Kira
(rpm) | (L/min) | (L/min) | (-) | (mg/L) | (mg/L) ) ) ) (%) ™ (%) ™
16 | 1200 272 0.1 2722 | 1250 424 | 32444610651 | 27.190 | 0.19015 | 66.08 | 0.00284 | 65.69 | 0.00281

17 | 600 142 0.05 2831 1290 593 8111152663 | 14.139 | 0.09508 | 54.03 | 0.00097 | 53.31 | 0.00095

18 | 900 142 0.05 2831 1290 537 | 18250093491 | 14.139 | 0.09508 | 58.37 | 0.00111 | 62.17 | 0.00125

19 | 1200 142 0.05 2831 1290 463 | 32444610651 | 14.139 | 0.09508 | 64.11 | 0.00133 | 68.43 | 0.00152

20 | 600 142 0.1 1416 1290 715 8111152663 | 14.139 | 0.19015 | 44.57 | 0.00164 | 38.68 | 0.00130
21 900 142 0.1 1416 1290 678 | 18250093491 | 14.139 | 0.19015 | 47.44 | 0.00183 |45.76 | 0.00172
22 | 1200 142 0.1 1416 1290 616 | 32444610651 | 14.139 | 0.19015 | 52.25 | 0.00219 | 50.97 | 0.00209

23 600 142 0.15 944 1290 875 8111152663 | 14.139 | 0.28523 | 32.17 | 0.00165 |31.17 | 0.00157

24 | 900 142 0.15 944 1290 822 | 18250093491 | 14.139 | 0.28523 | 36.28 | 0.00201 | 36.89 | 0.00207

25 | 1200 142 0.15 944 1290 768 | 32444610651 | 14.139 | 0.28523 |40.47 | 0.00244 | 41.10 | 0.00251

26 | 600 142 0.2 708 1290 949 8111152663 | 14.139 | 0.38031 |26.43 | 0.00179 |26.43 | 0.00179

27 | 900 142 0.2 708 1290 916 | 18250093491 | 14.139 | 0.38031 |28.99 | 0.00208 | 31.18 | 0.00236

28 | 1200 142 0.2 708 1290 869 | 32444610651 | 14.139 | 0.38031 |32.64 | 0.00256 | 34.64 | 0.00287
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Bing A- 6. Két qud tinh todn cdc hé so trong mé hinh xir Iy amoni tir nwdc vi rdc bang thiét bi HP2R ¢ pH; = 11.5

5 5 . . , Mo hinh dw
Pieu kién thi nghiém Nong do amoni H¢ s0 mo hinh du doan Keét qua thuc te dodn
STT

[0 Qc QL Qc/Qu | Cu CrLo Grr,avg Reg ReL n KiLa n KiLa

(rpm) | (L/min) | (L/min) | (-) | (mg/L) | (mg/L) ) ) ) (%) ™ (o) ™
1 300 76 0.1 762 1230 978 2027788166 | 7.613 | 0.19015 | 20.49 | 0.00060 |22.19 | 0.00067
2 300 142 0.1 1416 | 1230 876 | 2027788166 | 14.139 | 0.19015 | 28.78 | 0.00085 |29.27 | 0.00087
3 300 191 0.1 1906 | 1230 848 2027788166 | 19.033 | 0.19015 | 31.06 | 0.00090 |33.05| 0.00098
4 300 272 0.1 2722 | 1230 804 | 2027788166 | 27.190 | 0.19015 |34.63 | 0.00100 |37.87 | 0.00113
5 600 76 0.1 762 1230 864 8111152663 | 7.613 | 0.19015 |29.76 | 0.00105 | 31.59 | 0.00116
6 600 142 0.1 1416 | 1230 714 8111152663 | 14.139 | 0.19015 | 41.95| 0.00148 | 42.19 | 0.00150
7 600 191 0.1 1906 | 1230 636 8111152663 | 19.033 | 0.19015 | 48.29 | 0.00173 | 47.56 | 0.00169
8 600 272 0.1 2722 | 1230 553 8111152663 | 27.190 | 0.19015 | 55.04 | 0.00201 | 54.09 | 0.00195
9 900 76 0.1 762 1230 795 | 18250093491 | 7.613 | 0.19015 | 35.37 | 0.00142 |37.53 | 0.00160
10 | 900 142 0.1 1416 | 1230 630 | 18250093491 | 14.139 | 0.19015 | 48.78 | 0.00192 | 50.59 | 0.00206
11 900 191 0.1 1906 | 1230 555 | 18250093491 | 19.033 | 0.19015 | 54.88 | 0.00217 | 56.91 | 0.00232
12 | 900 272 0.1 2722 | 1230 458 | 18250093491 | 27.190 | 0.19015 | 62.76 | 0.00256 | 64.27 | 0.00269
13 | 1200 76 0.1 762 1230 692 | 32444610651 | 7.613 | 0.19015 |43.74 | 0.00224 | 41.72 | 0.00201
14 | 1200 142 0.1 1416 | 1230 547 | 32444610651 | 14.139 | 0.19015 |55.53 | 0.00247 | 56.67 | 0.00258
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5 5 . . , Mo hinh dw
Diéu kién thi nghiém Nong do amoni Hg¢ s06 m6 hinh du doan Két qua thuc te dodn
STT

[0 Qc QL Qc/Qu | Cu CrLo Grr,avg Reg ReL n KiLa n KiLa

(rpm) | (L/min) | (L/min) | () | (mg/L) | (mg/L) ) ) ) (%) | D | (%) ™)
15 | 1200 191 0.1 1906 | 1230 470 | 32444610651 | 19.033 | 0.19015 | 61.79 | 0.00274 | 63.61 | 0.00291
16 | 1200 272 0.1 2722 | 1230 371 | 32444610651 | 27.190 | 0.19015 | 69.84 | 0.00321 | 71.37 | 0.00337
17 | 600 142 0.05 2831 1380 611 8111152663 | 14.139 | 0.09508 | 55.72 | 0.00102 | 54.39 | 0.00098
18 | 900 142 0.05 2831 1380 481 | 18250093491 | 14.139 | 0.09508 | 65.14 | 0.00137 | 64.64 | 0.00135
19 | 1200 142 0.05 2831 1380 436 | 32444610651 | 14.139 | 0.09508 | 68.41 | 0.00152 | 71.77 | 0.00169
20 | 600 142 0.1 1416 | 1380 758 8111152663 | 14.139 | 0.19015 | 45.07 | 0.00167 |42.19 | 0.00150
21 900 142 0.1 1416 | 1380 700 | 18250093491 | 14.139 | 0.19015 | 49.28 | 0.00196 | 50.59 | 0.00206
22 | 1200 142 0.1 1416 | 1380 627 | 32444610651 | 14.139 | 0.19015 | 54.57 | 0.00239 |56.67 | 0.00258
23 | 600 142 0.15 944 1380 890 8111152663 | 14.139 | 0.28523 | 35.51 | 0.00193 |35.30 | 0.00192
24 | 900 142 0.15 944 1380 834 | 18250093491 | 14.139 | 0.28523 | 39.57 | 0.00234 | 42.13 | 0.00264
25 | 1200 142 0.15 944 1380 746 | 32444610651 | 14.139 | 0.28523 | 45.94 | 0.00314 |47.03 | 0.00331
26 | 600 142 0.2 708 1380 939 8111152663 | 14.139 | 0.38031 | 31.96 | 0.00246 | 30.62 | 0.00228
27 | 900 142 0.2 708 1380 876 | 18250093491 | 14.139 | 0.38031 | 36.52 | 0.00319 | 36.25| 0.00314
28 | 1200 142 0.2 708 1380 851 | 32444610651 | 14.139 | 0.38031 | 38.33 | 0.00354 | 40.19 | 0.00394
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Bing A- 7. Két qud thi nghigm xiv Iy va thu hoi amoni theo mé vong tuin hodn

STT | Vaw(L) Absgg’ ent Vaz;ir)be"t (Lgncin) (L/Qn:in) t pH Cue | Crrecover ’7“(3:,}:)”“’ "r(":/:’)‘)’"
0 1.1 | 1210 0 0.0 0.0
20 108 | 940 | 540 | 223 | 244
40 106 | 649 | 1050 | 464 | 465

1 2 1 1 101 0.2 60 104 | 496 | 1260 | 590 | 546
90 10.1 | 343 | 1480 | 717 | 627
120 9.8 236 | 1685 | 805 | 69.9
180 9.3 125 | 1900 | 897 | 77.1
0 120 | 1240 0 0.0 0.0
20 118 | 901 | 544 | 273 | 229
40 117 | 665 | 929 | 464 | 382

2 2 1 1 101 0.2
60 115 | 498 | 1230 | 598 | 496
90 1.1 | 306 | 1600 | 753 | 63.1
120 | 108 | 186 | 1800 | 850 | 69.5




169

STT | Vi (L) Absgg’ ent Vaz;ir)be"t (Lgncin) (L/Qn:in) t pH Cuc | Cerecover ’7”(’3/‘(:’)”“’ "(%‘)’r
180 | 103 | 739 | 1970 | 940 | 743
0 1.0 | 1220 0 0.0 0.0
20 108 | 878 | 675 | 280 | 297
40 105 | 637 | 1150 | 478 | 496
3 2 1 1 150 | 02 60 103 | 418 | 1580 | 657 | 667
90 9.9 | 260 | 1870 | 787 | 773
120 | 96 181 | 1970 | 852 | 79.6
180 | 92 | 1070 | 2020 | 912 | 799
0 0 121 | 1370 0 0.0 0.0
20 119 | 948 | 790 | 308 | 292
40 11.8 | 647 | 1300 | 528 | 47.1
4 2 1 1 150
60 116 | 420 | 1690 | 693 | 599
90 112 | 243 | 2040 | 823 | 708
120 | 107 | 137 | 2250 | 900 | 764
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STT | Vaw(L) Absgg’ ent Vaz;ir)be"t (Lgncin) (L/Qn:in) t pH Cue | Crrecover ’7”("3/‘(:’)”“’ "(%‘)’r
180 | 102 | 441 | 2430 | 968 | 80.6
0 1.0 | 960 0 0.0 0.0
20 105 | 587 | 675 | 389 | 369
40 104 | 378 | 1050 | 606 | 562

5 2 1 1 203 0.2 60 10.1 | 241 | 1320 | 749 | 692
90 9.8 146 | 1500 | 848 | 769
120 93 | 979 | 1590 | 898 | 798
180 89 | 631 | 1660 | 934 | 814
0 1.0 | 960 0 0.0 0.0
20 105 | 587 | 675 | 389 | 369
40 104 | 378 | 1050 | 606 | 562

6 2 1 1 203 0.2
60 10.1 | 241 | 1320 | 749 | 692
90 9.8 146 | 1500 | 848 | 769
120 93 | 979 | 1590 | 898 | 798




171

STT | Vaw(L) Absgg’ ent Vaz;ir)be"t (Lgncin) (L/Qn:in) t pH Cue | Crrecover '7”(’3/‘(:’)”“’ "(%‘)’r
180 89 | 631 | 1660 | 934 | 814
0 120 | 1010 0 0.0 0.0
20 119 | 694 | 632 | 313 | 323
40 117 | 461 | 1010 | 544 | 505

7 2 1 1 299 0.2 60 116 | 308 | 1280 | 695 | 627
90 113 | 177 | 1530 | 8.5 | 733
120 | 108 | 973 | 1680 | 904 | 787
180 | 105 | 499 | 1740 | 951 | 797
0 1.0 | 1020 0 0.0 0.0
20 106 | 528 | 843 | 482 | 424
40 103 | 294 | 1260 | 712 | 621

8 2 1 1 299 0.2
60 100 | 180 | 1450 | 824 | 700
90 9.5 101 | 1600 | 90.1 | 755
120 92 | 656 | 1640 | 936 | 758
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STT | Vi (L) Absgg’ ent Vaz;ir)be"t (Lgncin) (L/Qn:in) t pH Cuc | Cerecover '7”(’3/‘(:’)”“’ "(%‘)’r
180 | 85 | 458 | 1680 | 955 | 759
0 120 | 1270 0 0.0 0.0
20 1.8 | 661 | 1020 | 480 | 397
40 115 | 372 | 1560 | 707 | 595

9 2 1 1 203 | 0.05 60 112 | 216 | 1870 | 830 | 698
90 108 | 947 | 2040 | 925 | 745
120 | 104 | 399 | 2130 | 969 | 761
180 | 10.1 11| 2170 | 99.1 | 758
0 1.0 | 950 0 0.0 0.0
20 108 | 742 | 623 | 219 | 379
40 106 | 572 | 995 | 398 | 593

10 2 1 1 203 0.1
60 104 | 453 | 1280 | 523 | 746
90 1.1 | 321 | 1530 | 662 | 873
120 | 100 | 238 | 1730 | 749 | 96.6
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STT | Vi (L) Absgg’ ent Vaz;ir)be"t (Lgncin) (L/Qn:in) t pH Cuc | Cerecover '7”(’3/‘(:’)”“’ "(%‘)’r
180 | 9.6 144 | 1770 | 848 | 96.6
0 1.0 | 950 0 0.0 0.0
20 107 | 635 | 629 | 332 | 352
40 105 | 447 | 1000 | 529 | 549
11 2 1 1 203 0.2 60 103 | 310 | 1270 | 674 | 682
90 100 | 190 | 1510 | 800 | 79.4
120 | 97 122 | 1640 | 872 | 844
180 | 92 | 752 | 1730 | 921 | 87.0
0 1.0 | 1020 0 0.0 0.0
20 106 | 597 | 383 | 415 | 228
12 2 7.8 1 203 0.2
40 102 | 296 | 305 | 710 | 178
60 9.6 198 | 265 | 806 | 152
0 11 | 972 0 0.0 0.0
13 2 2.9 1 203 0.2
20 107 | 554 | 383 | 430 | 25.1
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STT | Vi (L) Absgg’ ent Vaz;ir)be"t (Lgncin) (L/Qn:in) t pH Cuc | Cerecover '7”(’3/‘(:’)”“’ "(%‘)’r
40 104 | 350 | 364 | 640 | 233
60 1.1 | 223 | 289 | 771 | 181
0 1.0 | 922 0 0.0 0.0
20 106 | 542 | 504 | 412 | 356

14 2 2.0 1 203 0.2
40 104 | 342 | 517 | 629 | 358
60 10.1 | 228 | 454 | 753 | 307
0 110 | 954 0 0.0 0.0
20 108 | 589 | 696 | 383 | 382
40 105 | 364 | 1020 | 618 | 549

15 2 1 1 203 0.1 60 102 | 227 | 1180 | 762 | 622
90 9.9 131 | 1320 | 863 | 680
120 | 96 | 886 | 1430 | 907 | 721
180 | 9.0 | 617 | 1440 | 935 | 710
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Bing A- 8. Két qud thi nghigm xir Iy va thu hoi amoni theo mé vong tuin hodn

STT| i |y . kit (L/Q;’,t  hit) [pHww| C|recovery absorbent| Tenet | e
(L) phut) (mg/L) | (g1 (%)

> | 1 | 02 |10128| o |115%2| 1550 | 0 | 1006 | 000 | 0.00

> | 098 | 02 |10128 | 10 |11354| 1310 | 385 | 12 | 1548 | 12.83

> | 096 | 02 |10128 | 20 |11289) 1150 | 700 | 1347 | 2581 | 2286

> | 094 | 02 |10128 | 40 |11189| 850 | 1270 | 149 | 4516 | 406l

L T o | 02 | oas | 60 |11004] 64 | 1620 | 1573 | 5819 | s070
> | 09 | 02 |10128 | 90 | 1098 365 | 2150 | 1779 | 7645 | 6582

> | 088 | 02 |10128 | 120 |10872) 208 | 2380 | 1813 | 8658 | 7124

> | 086 | 02 | 10128 | 180 |10796| 0.1 | 2620 | 1909 | 9483 | 76.64

> | 1 | 02 | 4823 | o |11505| 1300 | 0 | 109 | 000 | 0.00

> | 098 | 02 | 4823 | 20 |11315) 1070 | 391 | 1197 | 17.69 | 1548

N T [ oes | 02 | 4823 | 40 |ii2is] sos | ess | 123 | 3045 | 2591
> | 094 | 02 | 4823 | 60 |11132) 692 | 980 | 138 | 4677 | 3722
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STT (:%') V(X)W abS(:'Ibent (L /([:)2;1'1 f) (L/Q: ” t (phut) | pH ww Cu reS:\fI;ry absgll::)en ¢ ﬂrz:%);; al nre:over

(L) phut) (mg/L) | (g1 (%)

2 0.92 0.2 48.23 90 11.014| 462 1290 1.511 64.46 47.95

2 0.9 0.2 48.23 120 10.923 | 309 1520 1.53 76.23 55.27

2 0.88 0.2 48.23 180 10.802 | 138 1780 1.555 89.38 63.29

2 0.86 0.2 48.23 240 10.729 | 62.5 1930 1.57 95.19 67.06

2 1 0.2 202.57 0 11.5 1960 0 1.001 0.00 0.00

2 0.98 0.2 202.57 10 11.364| 1620 678 1.191 17.35 17.76

2 0.96 0.2 202.57 20 11.26 | 1150 1540 1.353 41.33 39.53

3 30 2 0.94 0.2 202.57 40 11.132] 690 2370 1.455 64.80 59.56
2 0.92 0.2 202.57 60 11.019| 401 2860 1.599 79.54 70.35

2 0.9 0.2 202.57 90 10.872| 196 3230 1.649 90.00 77.72

2 0.88 0.2 202.57 120  [10.808 | 89.9 3360 1.681 95.41 79.05

2 1 0.2 299.3 0 11.551| 1230 0 1.08 0.00 0.00

* ¥ 2 0.98 0.2 299.3 10 11.407| 880 643 1.143 28.46 26.95
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STT (:%') V(X)W abS(:'Ibent (L /([:)2;1'1 f) (L/Q: ” t (phut) | pH ww Cu reS:\fI;ry absgll::)en ¢ ﬂrz:%);; al nre:over

(L) phut) (mg/L) | (g1 (%)

2 0.96 0.2 299.3 20 11.285| 597 1130 1.219 51.46 46.40

2 0.94 0.2 299.3 45 11.101| 277 1690 1.412 77.48 67.95

2 0.92 0.2 299.3 60 11.041| 165 1860 1.473 86.59 73.19

2 0.9 0.2 299.3 90 10.952| 61 2010 1.549 95.04 77.37

2 1 0.3 202.57 0 11.528| 1460 0 1.104 0.00 0.00

2 0.98 0.3 202.57 10 11.359| 996 697 1.23 31.78 24.66

2 0.96 0.3 202.57 20 11.253| 707 1160 1.34 51.58 40.20

’ ¥ 2 0.94 0.3 202.57 40 11.139| 406 1750 1.531 72.19 59.39
2 0.92 0.3 202.57 60 11.006 | 189 2130 1.669 87.05 70.74

2 0.9 0.3 202.57 90 10936 52 2310 1.884 96.44 75.05

2 1 0.1 202.57 0 11.538| 1380 0 1.05 0.00 0.00

6 30 2 0.98 0.1 202.57 20 11.298| 951 826 1.119 31.09 30.69
2 0.96 0.1 202.57 40 11.216| 630 1420 1.24 54.35 51.68




178

STT (:%') V(X)W abS(:'Ibent (L /([:)2;1'1 f) (L/Q: ” t (phut) | pH ww Cu reS:\fI;ry absgll::)en ¢ ﬂrz:%);; al nre:over

(L) phut) (mg/L) | (g1 (%)

2 0.94 0.1 202.57 60 11.129| 401 1850 1.346 70.94 65.92

2 0.92 0.1 202.57 90 10.998 | 228 2160 1.399 83.48 75.33

2 0.9 0.1 202.57 120 10925 119 2360 1.439 91.38 80.52

2 0.88 0.1 202.57 150 10.87 61 2460 1.62 95.58 82.06

2 1 0.05 202.57 0 11.557| 1320 0 1.068 0.00 0.00

2 0.98 0.05 202.57 20 11.324| 997 630 1.086 24.47 25.30

2 0.96 0.05 202.57 40 11.248| 758 1090 1.336 42.58 42.89

7 30 2 0.94 0.05 202.57 60 11.166 | 580 1430 1.343 56.06 55.09
2 0.92 0.05 202.57 90 11.076 | 358 1870 1.433 72.88 70.51

2 0.9 0.05 202.57 120 11.008 | 264 2050 1.618 80.00 75.61

2 0.88 0.05 202.57 180 10919 100 2350 1.668 92.42 84.75

2 1 0.2 202.57 0 11.500| 1600 0 1.023 0.00 0.00

i 0 2 0.98 0.2 202.57 10 11.318| 1210 742 1.246 24.38 23.16
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STT (:%') V(X)W abS(:'Ibent (L /gﬁﬁt) (L/Q:’t t (phut) | pH ww Cu reS:\fI;ry absgll::)en ¢ nrz’(’%’)"“’ nre:over
(L) phut) (mg/L) | (g1 (%)

2 0.96 0.2 202.57 20 11.156| 832 1470 1.472 48.00 44.95

2 0.94 0.2 202.57 40 11.055| 423 2200 1.508 73.56 65.86

2 0.92 0.2 202.57 60 10913 | 207 2600 1.613 87.06 76.18

2 0.9 0.2 202.57 90 10.864 | 97.2 2810 1.75 93.93 80.55

2 0.88 0.2 202.57 120 [10.735| 30.1 2900 1.828 98.12 81.28

2 1 0.2 202.57 0 11.500 | 1400 0 0.923 0.00 0.00

2 0.98 0.2 202.57 10 10.918| 960 862 1.546 3143 30.83

2 0.96 0.2 202.57 20 10.856 | 588 1540 1.572 58.00 53.96

’ > 2 0.94 0.2 202.57 40 10.655| 252 2170 1.608 82.00 74.45
2 0.92 0.2 202.57 60 10.613| 109 2360 1.813 92.21 79.25

2 0.9 0.2 202.57 90 10.564 | 37.1 2450 1.85 97.35 80.48






