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Tom tat

Tdi sit dung (TSD) nuéc thdi dugc xem la gidi phdp trong tdm hudng t6i phdt trién bén vitng va kinh té tudn
hoan tai Viét Nam. Tuy nhién, ham lugng mudi cao trong nudc thadi sau xi ly dang la rao cdn 16n doi véi viéc
TSD an toan va hiéu qud, giy nguy co nhiém mdn ddt va 6 nhiém nuéc ngdm. Bai viét trinh bay tong quan cdc
cong nghé chinh gom quy trinh loc mang, dién héa, nhiét. Cdc cong nghé nay cé tiém nding I6n nhé khd ndng
vdn hanh linh hoat va tich hop ndang lugng tdi tao. Tuy nhién, chi phi ddu tu cao va thiéu khung phdp 1y ho trg
van la théch thiic chinh. Viét Nam cdn sém hoan thién tiéu chudn ky thudt, c6 chinh sdch ho trg doanh nghiép
nhdm thiic ddy TSD nuéc thdi bén viing.
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Wastewater reuse in the context of circular economy:
Neccesity of salt removal and potential technologies
in Vietham

Abstract

Wastewater reuse is considered a key solution for achieving sustainable development and the circular economy
in Vietnam. However, the high solute content in treated wastewater remains a major barrier to safe and effective
reuse, posing risks of soil salinization and groundwater contamination. This paper provides an overview of
the main technology groups, including membrane processes, electrochemical methods, and thermal processes.
These technologies show strong potential due to their operational flexibility and compatibility with renewable
energy integration. Nevertheless, high investment costs and the lack of a supportive regulatory framework
remain major challenges. Technical standards and policy support for businesses should be developed promptly

to promote sustainable wastewater reuse.
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1. MG PAU

Trong béi canh Viét Nam d6i mat véi nhiing thach
thtic nghiém trong vé an ninh nguén nudc, TSD nudc
thai dang trd thanh giai phdp quan trong hudéng téi
phat trién bén viing. Mac du c6 tdng lugng dong chay
16n (844 ty m*/nam), nuGc phan bé khong déu véi 70
- 80% tap trung vao mua mua ngan. Dy bdo nhu cau
nuéc vao mua khé ndm 2030 sé tang 32% trong khi
kha ning cung cip van han ché [1]. O nhiém ngu6n
nuéc ngay cang nghiém trong khi 75% trong hon 1
triéu m® nugce thai cong nghiép hang ngay chua dugc
xu 1y hoan toan. Cung véi bién d6i khi hau va khai
thdc nudc ngdm qua mduc, tinh trang nay giy xam
nhap mén va sut lun dat, dan dén nguy co thiéu nudc
nghiém trong vao ndm 2030. Do vay, Chinh pht da
thic ddy mo hinh kinh té tuidn hoan qua Luit BVMT
ndm 2020 va Luat Tai nguyén nudc nam 2023, coi
nudc thai la tai nguyén thay vi chat thai [2]. Kinh

76 | TAP CHi MOI TRUONG | 5O 2/2026

nghiém qudc t€ tli cac nudc tién tién nhu Singapo véi
hé thong NEWater cung cdp 30% nhu cau st dung
nudc va Brazil véi Dy dn Aquapolo Ambiental cho
thay tiém nang Ién ctia TSD nudc. Viéc TSD khong
chi bao dam an ninh nguén nudc va giam ap luc khai
thac tai nguyén tu nhién ma con mang lai 1gi ich kinh
té thong qua tiét kiém chi phi san xudt va nang cao
kha nang canh tranh [2].

Tuy nhién, viéc TSD nudc thai tai Viét Nam dang
d6i mét nhiéu thach thtc I6n. Hau hét hé thong xu ly
hién tai chi dat tiéu chudn xa thai, chua tich hgp cong
nghé bs sung cho TSD. Chi phi cao cho cong nghé
hién dai cung v6i khung phdap ly chua dong bo va nhén
thtic han ché dang tao rao can 16n cho doanh nghiép.
Pic biét, ham lugng mudi hoa tan cao trong nudc sau
xu ly Ia thach thiic 16n cho muc tiéu TSD, c6 thé gay
nhiém man dét, anh hudng sinh trudng cay trong va 6
nhiém nudc ngadm khi diing cho tuéi tiéu.



2. TINH CAP THIET CUA VIEC LOAI BO MUOI
TRONG NUGC THAI CHO MUC TIEU TSD

TSD nudc thai cong nghiép cho tudi tiéu va cac
muc dich khéc doi hoi kiém soat nghiém ngat d man,
ddc biét 1a ham lugng t6ng chét ran hoa tan (TDS),
nham bdo vé cay trong, dit va ngudn nudc. Theo
QCVN 40:2025/BTNMT, gi6i han tdng Cltrong nudc
thai sau xt Iy la 1.000 mg/L, cao hon déng ké so véi
giéi han cho nudc tudi cia QCVN 08:2023/BTNMT
(<250 mg/L) vd QCVN 01-195:2022/BNNPTNT
(<600 mg/L). Su chénh léch nay khién phéan lén nudc
thai sau xtt Iy khong dap ting yéu cau tudi tiéu. Mac du
nude thai xt 1y c6 thé cung cép cic chit dinh dudng
nhu nito va phot pho, ham lugng mudi cao, dic biét la
ham lugng Na*va Cl trong nudc c6 thé giy nhiéu tic
dong tiéu cuc. Ching c6 thé tic ché sinh trudng cay,
lam ting d0 mén dat, thay d6i dic tinh vat ly va héa
hoc cuia dit, dan dén gidm néing suit néng nghiép va
suy thoai méi truong.

Theo T6 chiic Y té thé gisi (WHO), dé6 man dugc
danh gia qua d¢ dan dién (EC), ty 1é¢ hdp thu Natri
(SAR), n6ng d6 Na*, Cl' va TDS, c6 thé lam gidm néng
sudt dat thong qua: Thay déi ap sudt thim thau, gay
ddc ion, can tré hip thu dinh dudng va pha hay cau
trac dat. Mic dé nhiém man phu thudc vao chat lugng
nudc, két cau, kha nang thoat nuéc ctia dat, ham lugng
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htiu co va muc nudc ngadm; do dé, giam sat dinh ky
tai hién truong la can thiét [3]. Ngoai ra, nudc thai
TSD ¢é dd mén cao c6 thé giy 6 nhiém nudc ngdm
va nudc mat, lam tang TDS, giam kha ndng st dung
cho sinh hoat, ndng nghié¢p va c6ng nghiép, dong thai
giy dn mon duong 6ng, thiét bi [3]. Tai Viét Nam, ddc
biét § dong bing s6ng Ctiu Long, noi xdm nhip min
da nghiém trong, viéc TSD nudc thai khong qua khu
mudi c6 thé lam trAm trong hon tinh trang nay.

Vi vdy, loai bd mudi 1a yéu ciu then chét d€ bao
dam hiéu qué va an toan cta TSD nudc thai. D€ dap
ung QCVN 08:2023/BTNMT, cic khu cong nghiép
can tich hgp céng doan khi muéi vao hé thong xt ly,
dong thoi giam sat thuong xuyén cac chi tiéu TDS,
EC, SAR; két hgp giai phap nong nghiép nhu trong
céy chiu mdn, cai thién thoat nudc va ap dung tudi tiét
kiém. Nhiing bién phap nay khong chi nang cao hiéu
qué TSD nudc thai ma con gép phan phat trién nong
nghiép bén viing va bao vé tai nguyén nudc.

3.CACYEU CAUVE PQ MAN TRONG NUGCTSD

TSD nudc théi yéu cau kiém soat nghiém ngit cac
thong s6 d6 man nhu ECW, TDS va Cl” d€ dam bao an
toan stic khoe va pht hgp v6i da muc dich st dung.
Tiéu chudn California 4p dung cach tiép cén than
trong vGi cac cdng nghé tién tién nhu mang RO, tia
UV, xti ly da giai doan nham loai bd hoan toan rui ro

Bang 1. Giéi han mdt s6 thong s d6i voi chit lugng nudc tudi theo nhu ciu clia cdy trong theo huéng dan

cta WHO [3]

. . Miic do han ché st dung
Thong so Don vi -
Khong cé Nhe dén trung binh Nghiém trong
Do min (EC,) dS/m <0,7 0,7 -0,3 >3,0
TDS mg/L <450 450 - 2000 >2000
TSS mg/L <50 50 - 100 >100
Natri (NA*) Tuéi phun mua meq/L <3 >3 -
Natri (NA™) Tudi bé mit meq/L <3 3-9 >9
Clo (CI") Tudi phun mua meq/L <3 >3 -
Clo (CI") Tudi bé mat meq/L <4 4-10 >10
Clorine (Cl,) Tong lugng du mg/L <1 1-5 >5
Bicacbonat (HCO,) mg/L <90 90 - 500 >500
Bo (B) mg/L <0,7 0,7 - 3,0 >3,0
Hydro sunfit (H,S) mg/L <0,5 0,5-2 >2,0
Sat (Fe) Tudinho giot mg/L <0,1 0,1 -1,5 >1,5
Mangan (Mn) Tudi nho giot mg/L <0,1 0,1-1,5 >1,5
Téng nito mg/L <5 5-30 >30
pH Pham vi trung binh 6,5 - 8
Ghi chii: TDS: Tong chdt ran hoa tan

EC_W: D6 man ctia nudc tudi

TSS: Tong chdt ran lo limg
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stic khoe, tuy nhién bi cho la qua khat khe va kho ap
dung cho cdc nudc dang phat trién c6 nguén luc han
ché. Ngugc lai, WHO tii ndm 1973 (stia d6i gdn nhat
ndm 2006) dua ra hudng dan dya trén nghién ctu dich
té hoc, cho phép cac thong s BOD, COD va E. coli &
ngudng cao hon, phu hop véi diéu kién thuc té€ cua
nhiéu quéc gia [3] (Bang 1).

Trén pham vi toan cdu, tiéu chuin qudc té ISO
16075 da két hgp hudng dan ti WHO va Co quan
BVMT Hoa Ky (US EPA), cung cip khung chit lugng
cho viéc st dung nudc thai trong tudi tiéu néng nghiép
v6i cac gidi han vé do man, kim loai ndng va vi sinh
vat, dong thoi hudng dan lua chon cay trong phtt hop.
Chau Au da thiét 1ap quy dinh c6 hiéu luc tif ndm 2020
v6i hé thong phan loai chit lugng nudc TSD thanh bén
loai A, B, C, D theo muc dich cu thé, yéu ciu gidm sét
dinh ky E. coli va TDS, dong thdi quy dinh cac phuong
phép tuédi d€ giam thiéu rai ro. Jordan thiét 1ap ba tiéu
chuén chinh: S6 202/2007 cho nudc thai cong nghiép
(TDS t6i da 2000 mg/1), s6 893/2006 cho nudc thai
sinh hoat va huéng dan s6 1766/2014 h6 trg lua chon
céy trong theo d6 mén.

Oxtraylia phan loai nudc téi ché thanh ba cdp do
chit lugng véi gidi han cu thé vé héa chét, vi sinh vat
va kim loai nang cho cdc muc dich khac nhau. Hoa Ky
quan ly theo tiéu bang v6i hudng dan EPA 2012 lam tai
liéu tham khao, trong d6 California quy dinh cac mtc
chit lugng t8i thiéu cho tuédi canh quan, cong nghiép
va kiém sodt bui vé6i kiém sodt chit ché coliform, do
duc va kim loai ndng [4] (Bang 2).

Tai Viét Nam, cac quy dinh vé chit lugng nuéc TSD
(trong do6 cé quy dinh vé do mén) con kha so khai so
vGi cdc qudc gia phét trién. BO NN&PTNT (nay 1a Bo
Nong nghiép va Méi trudng) da ban hanh QCVN 01-
195:2022/BNNPTNT, quy dinh vé nudc thai chan nuoi
dung cho tuéi cay, v6i cac gii han vé kim loai ning,
Clorua, E. coli d€ bao vé cdy trong va dat nong nghiép.
Ngoai ra, QCVN 08-MT:2015/BTNMT quy dinh chat
lugng nuéc dung cho tudi tiéu, cling bao gém cac
thong s6 nhu pH, d6 mén va kim loai nang, tuy khong
dé cép truc ti€p dén nudc thai TSD nhung 4p dung
cho moi ngudn nudc tudi. Hién nay, & Viét Nam van
thiéu cic tiéu chuan cu thé cho cdc muc dich TSD khiac
nhu céng nghiép hodc sinh hoat, dan dén khé khin

Bang 2. Hudng dan giai thich chit lugng nudc d€ tudi tiéu ctia Hoa Ky [4]

. . Miic 6 han ché vé tuéi tiéu
Thong s6 Pon vi
Khong co | Nhe dén trung binh | Nghiém trong
P mién (dnh hudng dén kha nang cung cdp nudc ciy trong)
EC,, dS/m <0,7 0,7-3,0 >3,0
TDS mg/L <450 450 - 2000 >2000
Su thdm thu (dnh hudng dén téc do thdm thau chia nudc vao dat duge danh gid bang cach st dung EC va SAR két hgp)
0-3 >0,7 0,7-0,2 <0,2
3-6 >1,2 1,2-0,3 <0,3
SAR 6-12 vaEC = >1,9 1,9-0,5 <0,5
12 - 20 >2,0 2,9-13 <1.3
20 - 40 >5,0 50-29 <29
Doc tinh cu thé anh hudng dén cay trong nhay cam
Tudi bé mat SAR <3 3-9 >9
Natri (Na)
Tuéi phun mua meq/L <3 >3 -
. Tudi bé mit meq/L <4 4-10 >10
Cloride (Cl) —
Tuéi phun mua meq/L <3 >3 -
Bo (B) mg/L <0,7 0,7 - 3,0 >3,0
Céc tac dong khéc nhau (anh hudng dén ciy trong dé bi ton thuong)
Nitrat (NO,-N) mg/L <5 5-30 >30
Bicacbonat (HCO,) meq/L <1,5 1,5-8,5 >8,5
pH Thong thudng 6,5 - 8,4
Ghi chii:
EC,: Do mdn ctia nudc tudi
TDS: Tong chdt rdn hoa tan
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trong viéc trién khai cdc du 4n TSD nudc thai trén dién
rong. Su thiéu dong bo nay, két hgp véi chi phi cao ctia
cac cong nghé xu ly tién tién nhu mang loc hodc khu
trung, khién viéc 4p dung cac yéu ciu chét lugng nuée
TSD & Viét Nam con han ché so véi cac quoc gia nhu
Hoa Ky, Oxtraylia, hay Jordan [3], [4].

4. CAC PHUONG PHAP LOAI BO MUOI
TRONG NUGC THAI SAU XU LY

Loai bé muoila budc thiét yéu trong TSD nudc thai
cho tudi tiéu, cong nghiép va sinh hoat nhim giam
TDS va cac ion nhu natri, clorua. Cac phuong phap
dugc phan thanh ba nhém chinh dya trén cac quy
trinh loc, dién héa va nhiét.

4.1. Nhém phuong phdp dva trén quy trinh loc

a. Cong nghé tham thdu ngugc (RO)

CoOng nghé thim thau ngugc (RO) la phuong phap
loai bo mudi tién tién, chiém 70 - 85% t6ng cong suét
khtt mudi toan cau va dugc st dung trong 85% cac nha
may loai bd mudi. RO hoat ddng bang cach st dung ap
luc co hoc ddy nudc qua mang ban thim, ddo ngugc
qué trinh thdm théu tu nhién véi 4p suit van hanh tu
55 - 82 bar cho nudc bién va 17 - 27 bar cho nuéc lg.

Hé thong RO gém bon thanh phan chinh: Tién
xt ly, bom cao ap, don vi mang va xt ly thi cdp, tao
ra nudc tham thiu tinh khiét va nudc ddm dic chua
mudi. Ty 1é thu hdi nuée dao dong 50 - 85%, thudng
dat 75%. Mang RO ¢¢6 kich thudce 16 loc 0,1 - 1 nm,
kha nédng loai béd TDS 1én dén 45.000 mg/L véi hiéu
qua 98% cho céc chat nhu canxi, magie, dong thai loai
bo vi khudn, vi rit, kim loai nang va cc chét 6 nhiém
htiu co [5]. RO cb nhiéu vu diém néi bat nhu hiéu suat
nang lugng cao (1,8 kWh/m?), tao ra nudc chét lugng
cao phtt hgp cho nhiéu muc dich, d6 bén n dinh, tiéu
thu it hoa chat, cdu tric mo-dun linh hoat, va kha nang
tich hop nang lugng tai tao gitp giam t6i 90% phat thai
khi nha kinh [5].

Tuy nhién, cong nghé nay van d6i mit véi nhiéu
thach thic nhu tiéu thu nang lugng 16n (chiém 30
- 50% chi phi van hanh) do yéu cidu bom cao ap; tic
nghén va dong cdn mang lam giam hiéu sudt, ting chi
phi bao tri; chi phi d4u tu cao, trong d6 mang chiém 40
- 50% voOn; phat sinh dong nudc thai dam dic gay kho
khidn xti ly [5]. Cong nghé¢ RO da dugc ting dung thanh
cong tai nhiéu qudc gia. Dién hinh, hé th6ng NEWater
ctia Singapore ap dung quy trinh mang vi loc/siéu loc
(MF/UF-RO-UYV), dép ting 40% nhu cau nudc hién
tai va dy kién dat 55% vao nim 2060. Tai Oxtraylia,
nha mdy Gippsland Water Factory xu ly 35.000 m?/
ngay nudc thai bang hé thoéng loc mang sinh hoc -
thdm thiu ngugc (MBR-RO), cung cép 8.000 - 10.000
m®*/ngay nudc tinh khiét chit lugng cao cho TSD cong
nghiép [6].
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b. Cong nghé tham thdu thudn (FO)

Thédm thiu thuin (FO) la cong nghé tich/loai bd
mudi st dung ap sudt thdm thau ty nhién ma khong
cn 4p sudt thuy luc cao nhu RO. Mang ban tham dugc
dat gitia dung dich thdm (DS) c6 nong d mudi cao va
dung dich cép (FS) c6 nong do thap hon, nudc dugc
thuc déy tu FS sang DS nho gradient ap suét thim thau.
FO c6 nhiéu uu diém ndi bat nhu: It bi tic nghén hon
RO va c6 thé phuc héi 80 - 100% dong nude chi bang
rtia mang don gian; giti lai hiéu qua chét hiiu co, dinh
dudng va chit 6 nhiém vi lugng; xu 1y t6t nudc cdp ¢
dd mén, do nhét hodc tiém nang tac nghén cao [7].

Tuy nhién, FO ciling ton tai nhiéu han ché vé luu
lugng nudc qua mang thip va hién tugng khuéch tan
ngugc chét hoa tan tii dung dich thdm (DS) sang dung
dich cép (FS); qua trinh tai tao dung dich tham phtic
tap, ton kém, lam giam tinh kha thi thuong mai; chi
phi dau tu cao d6i véi hé théng FO lai so v6i cong nghé
thong thudng (6], [7]. Ung dung FO trong TSD nudc
thai gébm hai nhém: Cé tai tao dung dich thdm - nhu
xt ly nudc thai sinh hoat (FO-MD dat ty 1é thu hoi
80%, FO - MBR duy trl dong chay én dinh) va c6 dic
bun thai dé gidm thé tich, chi phi vin chuyén; khong
tai tao dung dich thdm - nhu san xudt nuéc tudi st
dung phan bon 1am dung dich kéo, cdp nudc khén cap
khong cén dién véi dung dich dudng-mudi tao do
udng nang lugng va san xuit nang lugng sinh hoc két
hop té bao nhién liéu vi sinh vét [7].

4.2. Cdc phuong phuong phdp loai muéi dua trén
nguyén ly dién hoa

a. Dién tham tdch (ED)

bién thdm tach (ED) hoat dong dua trén nguyén ly
ap dung truong dién d€ di chuyén cdc ion hoa tan qua
cac mang trao d6i ion (IEMs). Mot hé thdng ED bao
gom nhiéu t€ bao don vi, trong d6 mang trao d6i anion
(AEM) va mang trao déi cation (CEM) dugc sap xép
xen ké gitia hai dién cuc: Cuc duong (anode) va cuc
am (cathode). Khi dién truong dugc ap dung, anion
trong dong nudc cdp di chuyén vé phia anode thong
qua AEM, trong khi cation di chuyén vé phia cathode
thong qua CEM. D€ duy tri dong dién, cac phan tng
dién hoa thuan nghich xay ra tai dién cuc, chuyén ddi
dong ion trong dung dich thanh dong dién qua hé
thong.

Nhiing uvu diém chinh cta cong nghé ED gdm c6
[8], [9]: C6 kha ndng c6 ddc nudc muobi cao; Tiéu thu
ndng lugng thdp hon so vé6i cac phuong phap c6 dic
nhiét; Khong cén ap sudt, giam chi phi van hanh va
bao tri; ED tiéu thu it nang lugng hon RO trong kht
mudi nude lg; Chi phi téng thé ctia ED thdp nhat trong
8 cac phuong an dién hda; Cé thé dung d€loai bo ion
chon loc.
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Viéc loai b6 mudi trong nudc thdi tdi sit dung la yéu cdu cdp thiét dé thiic ddy moé hinh KTTH tai Viét Nam

Tuy nhién, bén canh d6 cong nghé nay con nhiéu
han ché nhu [8]: Cac vdn dé chinh ctia cong nghé 1a
bam b4dn mang va dong can; Khi mudi dung dich do
mdn cao tré nén khong kinh t€ do yéu ciu nang lugng
ty 1é thuén v6i do man.

ED la mot trong nhiing cong nghé dién héa da dugc
nghién ctiu va ting dung hon 50 ndm, phuc vu cac muc
dich nhu kht mu6i nudc lg, xi ly nude thai va khi
khodng nudc. Céc hé théng ED dién hinh dat hiéu suét
thu hoi nudc khoang 50%. Viéc diéu chinh hiéu suit
thu hoi doi hoi thay déi luu lugng dong chay qua cac
kénh loang va c6 dic, c6 thé gay chénh 1éch dp sudt hai
phia mang IEM va anh hudng dén d6 bén co hoc ctia
mang. Nang suét xt 1y nudc ctia ED c6 thé diéu chinh
linh hoat thong qua viéc kiém so4t luu lugng cdp vao
cac té bao, v6i dai gia tri tli vai dén vai tram lit trén mét
vuong mang mdi gio (L-m>h) [9].

b. Khii ion dién dung (CDI) va cdc bién thé

Khti ion dién dung (CDI) hoat dong dua trén viéc
ap dung truong dién gitia mot cdp dién cuc (anode va
cathode) dé loai bo cdc ion tich dién khoi dong nude
cép. Trong céu hinh CDI co ban, cic dién cuc carbon
déng vai tro hip phu ion nh¢ co ché tich dién bé mat.
Mang khti ion dién dung (MCDI) 14 phién ban cai tién
ctia CDI, b6 sung mang trao d6i ion (IEMs) nham
néng cao hiéu qua nap dién va kha nang loai bé mudi.

Kht ion dién dung dong dién cuc (FCDI) la cong
nghé mdéi st dung dién cuc dong chay, cho phép khit
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muoi lién tuc. Trong hé nay, cac dién cuc bao hoa
dugc xa va tai tao tach biét khoi kénh xt ly nudc.
Qua trinh loai bo mudi cta FCDI viia dya trén co ché
dién dung, viia c6 sy dong gop dang ké tii dién thdm
tach. Mang vi loc dugc st dung d€ ngan chit rin dién
cuc di vao dong nudc, trong khi IEMs hoac mang siéu
loc (NF) dong vai tro then chét trong nang cao hiéu
qua téch muéi [9]. Uu diém ndi bat cta CDI nhu:
C6 kha nang mé rong quy mo t6t; It bi bdm bén hon
so v6i RO vi ching khong dua vao viéc thaim nudc
qua mang ban thdm; FCDI c¢6 kha néng hdp phu mudi
khong gidi han vi dién cuc dugc tdi tao dong thai véi
viéc hép thu ion mudi...

Tuy nhién, cac cong nghé nay cé6 mét s6 han ché
nhu: Céc t€ bao CDI thuodng dugc st dung dé€ xt ly
ngudn cap c6 do min thip do kha ning hdp phu mudi
han ché ctia dién cuc cac-bon; Miac du MCDI va FCDI
it bi bam bdn hon RO, nhung cic chit 6 nhiém hiu co
tich dién va ion giy cting van c6 thé gy bam cin; Chi
phi lién quan dén may bom dién cuc dong chay ctia
FCDI lam tang chi phi téng thé so véi ED.

Nhin chung, cac cong nghé CDI c¢6 tiém nédng
tng dung & quy md 16n cho khtt mudi tai cac khu
viic xa x0i, ddc biét d6i v6i ngudn nude lg va nude
thai c6 d0 méin thdp dén trung binh. MCDI con
thich hgp cho xti Iy nudc may va nudc thai trong céc
nganh cong nghé cao, noi yéu cau chit lugng nudc
nghiém ngit [9].



4.3. Nhém phuong phap dua trén nguyén ly nhiét

a. Cong nghé chung cdt nhanh nhiéu giai doan (MSF)

Chung cat nhanh nhiéu giai doan (MSF) la cong
nghé nhiét khtt muéi duge st dung rong rii, tling
chiém gin 60% tong cong sudt san xuit toan thé gidi
[8]. Trong MSE nudc muoéi duge lam néng va dua vao
budng ap sudt thdp dé bdc hoi nhanh, sau dé chuyén
sang cac giai doan tiép theo véi 4p sudt ngay cang thap
hon. Hoi nudc ngung tu tao nudc ngot nho lam lanh
bang nudc mudi dau vao. Hé thdng MSF dién hinh
6 20 - 30 giai doan, cong sut t3i da 75.000 m*/ngay,
bao gém céc tdng chung cat, thiét bi gia nhiét, bom, hé
thdng thong khi va vong diéu khién nudc lam mat [8].
Uu diém n6i bat gom: Don gian, déng tin céy, da giai
quyét hiéu qua van dé bam cin, tao bot va &n mon; tao
nude ngot chat lugng cao, dé quan ly véi xti ly so bo t6i
thiéu; tiém nang dong cin thdp hon cdng nghé mang
va xt ly dugc nudec mudi TDS cao (70.000 mg/L) [8];
st dung vat liéu xay dung gia ré, khong c6 bd phan
chuyén dong (ngoai bom), yéu cdu luu lugng nudec
bién cdp thip (2,5 kg/s cho 1 kg/s nudc san phdm) va
van hanh 6n dinh quanh ndm.

Thach thic chinh bao gébm: P4u tu von cao va chi
phi loai bd6 mudi cao (0,8 USD/m?); tiéu thu néng
lugng 16n v6i muic dién nang 3,5 - 5 kWhel/m?® va ning
lugng nhiét 69,4 - 83,3 kWhth/m?® (hé théng doc lap);
hiéu suit nhiét thap hon 30 - 70% so v6i MEE hodc
MEE két hgp bom nhiét; yéu cau dién tich dat trung
binh 4,5 - 5 m?*/m?®/h [8].

Ung dung TSD nudc thai: MSF déng vai tro quan
trong trong hé théng xi ly nudc thai cong nghiép,
thuong la budc cudi cung thu hoi nudc t6i da tii nudc
mudi cd ddc sau xi ly mang. Cong nghé MSF cai tién
v6i tron nude mudi (MSE-M) giup cai thién hiéu sudt
téng thé, gidm yéu ciu xti Iy so bo va dat ty 1¢ hiéu sudt
nhiét cao gdp doi MSF thong thudng. MSF c6 thé tich
hgp véi FO trong hé thong lai FO-MSF st dung ngudn
ndng lugng nhiét chi phi thip, hoac FO lam cong nghé
tién xt ly loai bd chdt déng cdn, cho phép MSF hoat
dong & nhiét do va ty 1é thu hoi cao hon.

b. Cong nghé chung cdt hiéu ting da cdp

Cong nghé chung cat hiéu ting da cidp (MED) la
mot trong hai cong nghé khtt muoéi chinh dua trén
nguyén ly nhiét, da dugc ting dung rong rai trong xu
ly nudc va TSD nudc thai c6 do mdn cao. MED hoat
dong theo nguyén ly bay hoi va ngung tu lién tiép qua
nhiéu giai doan, trong d6 hoi nudc tu giai doan trude
dugc st dung lam nguén nhiét cho giai doan tiép theo
6 ap sudt thap hon, tao ra hiéu ting "da cdp" giap TSD
nhiét hiéu qua. Cdu hinh MED dién hinh bao gém
8-16 giai doan. V€ uvu diém, MED mang lai nhiéu lgi
ich quan trong trong TSD nuéc thai. Cong nghé nay
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tao ra nudc ngot dat tiéu chuén khat khe cho TSD va
xU ly hiéu qua nudc c¢é d6 man cao tii 70.000 - 180.000
mg TDS/L. MED c¢6 tiéu thu nidng lugng nhiét thap
hon MSE nhiét d6 van hanh thép (khoang 70°C), it bi
déng cén hon va dat ty 1€ thu hdi nude 1én t6i 93%, phu
hop v6i nguyén tic ZLD [24]. Vé kinh té, chi phi van
hanh va bao tri trung binh ctia MED 14 0,12 €/m?, thap
hon so v6i MSF 1a 0,22 €/m”’.

MED cé mtc tiéu thu nang lugng dién tti 0,5-1,5
kWhel/m?® d6i v6i hé théng doc 1ap va 1,5-2,5 kWhel/
m?® khi tich hgp. Tiéu thu ning lugng nhiét dao dong
tii 41,7 - 61,1 kWhth/m? cho hé théng doc 1ap, khoang
27,8 kWhth/m?® khi d6ng phat, va c6 thé lén téi 200 -
250 kWhth/m? & nhiét d6 150°C [8]. Tuy nhién, MED
cling ton tai mdt s6 han ché can luu y: Chi phi dau tu
ban ddu cao do yéu cau vat liéu chdng an mon dé xt
1y nudc mudi ndéng, tiéu thu ning lugng dién dang ké,
can dién tich lap dét 16n va hé théng quan ly phic tap
hon so v6i MSE. Nhiing yéu t6 nay c6 thé anh hudng
dén tinh kha thi kinh t€ trong cac du an quy mé nho.

Trong ting dung TSD nuiéc thdi, MED thé hién hiéu
qua cao trong xu ly cac dong thai c6 d6 man cao hodc
chat lugng phic tap tii cong nghiép. Dac biét, MED dugc
ap dung rong rai trong cac hé thong khong chat thai long
(ZLD), déng vai tro budc tién c6 dac nudec muoi trude khi
dua vao cac qua trinh két tinh nang lugng cao hon. Nhiéu
nghién ctiu da dé xuit ting s6 lugng giai doan MED dé
gidm tiéu thy nhiét trong hé théng ZLD, khang dinh tiém
nang Ging dung ctia cong nghé nay.

4.4. Quy trinh lai giiia mang va nhiét: Céng nghé
chung cit mang (MD)

Cong nghé chung cat mang (MD) la mét quy trinh
lai tién tién két hop gitia quy trinh mang va quy trinh
nhiét, thé hién tiém ning l6n trong linh vuc xti Iy nudc
mén va nudc thai. Pay la mét qua trinh tach nhiét
dong st dung su chénh léch ap suét hoi xuyén mang
dé tach cac chit dé bay hoi ra khoi dung dich dugc lam
néng. Nguyén tic hoat dong co6t 16i ctia MD dua trén
su chénh 1éch ap suét riéng phan xuyén mang ky nuéc
va x0p, ¢6 cic 16 chiia day khi d€ ngin can dung dich
long trong khi chi cho phép hoi nuée di qua. MD hoat
dong trong diéu kién van hanh nhe nhang véi nhiét do
dung dich cép liéu trong khoang 50 - 90°C va ap suat
gin nhu khi quyén, gitp gidm yéu cdu thiét bi, tang
tudi tho mang.

Cong nghé MD thé hién nhiéu uu diém vugt tri
trong xt ly nuée thai. MD hoat déng & nhiét d6 tuong
dai thap (40 - 90°C) va ap sudt thay luc thép, cho phép
st dung nhiét thai hodc nhiét cap thap, tré thanh lua
chon hiéu qua vé nang lugng. Kha néng loai bo cac
chét tan khong bay hoi cia MD rét cao, dat ty 1é loai bo
mudi trén 99% va cé thé tao ra nuGe cit chit lugng cao

$O 2/2026 | TAP CHi MOI TRUONG | 81



i

NGHIEN CUU

¢

(<10 pS/cm) tii nudec mudi cé TDS 70.000 mg/L [7],
[8], [10]. D6i v6i nudc san xudt ti khai thac ddu khi,
MD dat dugc ty 1é loai bd mudi >99% va loai bd tdng
carbon >90% ngay ca khi c6 déc dé thu h6i 80% nudc. ..

Tuy nhién, MD van déi mdt véi mot s6 thach thiic
cn giai quyét. Mic du c6 thé st dung nhiét cip thap,
téng ning lugng can thiét van cd thé cao, dic biét d6i
v6i MD tiép xuc truc tiép, va chi phi niang lugng la yéu
t6 han ché viéc 4p dung quy mo 16n. Nhiém b4n mang
va déng can van 1a méi lo ngai khi xti 1y nuGe thai phiic
tap, cin phiét trién cac chién lugc lam sach va tién xt ly
hiéu qué hon. U6t mang 13 vin dé tiém 4n c6 thé 1am
giam hiéu qua mang, doi hdi phat trién mang c6 do ky
nudc cao hon va kiém soat diéu kién van hanh chinh
xac [8], [10].

Trong ting dung TSD nudc thai, MD thé€ hién tiém
nang rong rai. MD dugc ting dung trong thu hoi nudc
tti nudc thai nhiém dau, xt ly cac dong thai tii nganh
cong nghiép stia, thuc phdm, d6 udng va chian nudi,
cling nhu loai bo kim loai ndng ti nudc thai do thi va
cong nghiép. Dac biét, MD c6 thé xti ly chit thai 16ng
phong xa muc d¢ thip va trung binh, thu hoi nuéc
v6i hoat dd phéng xa & mdc nén tu nhién [8], [10].
Cong nghé nay con c6 kha ning gidm thiéu thé tich va
tang nong dd nudc mudi bang cach truc tiép chiét tach
nudc, giap dat dugc hé théng ZLD hodc gan ZLD. MD
dai dién cho mot cong nghé tich hgp tién tién véi kha
néng ung dung da dang trong TSD nudc thai, mic du
van can nghién ctiu thém & quy mo 16n d€ thuong mai
hda rong rai trong cac ing dung cong nghiép.

5. KET LUAN VA KIEN NGHI

Co thé thdy, viéc loai bo mudi trong nudc thai TSD
la yéu céu cép thiét d€ Ging pho véi tinh trang khan
hiém nudc va thic ddy moé hinh kinh té tuin hoan tai
Viét Nam. Ham lugng Cl trong nudc thai cong nghiép
sau xt ly theo QCVN 40:2025/BTNMT (1000 mg/L)
vugt xa cac tiéu chuén tuéi tiéu (250 - 600 mg/L), gay
tac dong tiéu cuc nghiém trong dén cay trong, dat
nong nghiép va nguodn nudec ngdm. Cac cdng nghé loai
bd muoéi hién c6 bao gom ba nhém chinh: Phuong
phap loc mang (RO, FO), dién hoa (ED, CDI) va nhiét
(MSE, MED, MD). Cdéng nghé RO dang chiém uu thé
v6i 70 - 85% thi phéan toan cdu va hiéu qua loai bo TDS
dat 98%. Cong nghé chung cit mang (MD) thé hién
tiém ndng ung dung cao nh¢ kha nang van hanh & ap
sudt thap, pht hgp véi ngudn ning lugng tai tao va
xt ly hiéu qua nudc mudi c6 do man rat cao (>70.000
mg TDS/L). Tuy nhién, chi phi dau tu cao, tiéu thy
néng lugng 16n va thiéu khung phap 1y dong b van 1a
nhiing rao can chinh can giai quyét.

Dé thuc hién viéc TSD nudc hiéu qua trong
tuong lai, cAn sém hoan thién khung phap ly va tiéu
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chuén ky thuat vé chét lugng nuéc TSD theo tling
muc dich, ddc biét la gidi han TDS, Cl- va EC, dong
thoi long ghép tiéu chi TSD nudc va xt ly mudi vao
cac chinh sach hé trg doanh nghiép 4p dung cong
nghé xt ly tién tién. Tang cudng tuyén truyén dé
nang cao nhan thuc cong dong va doanh nghiép vé
lgi ich cua nudc TSD.

Léi cam on: Cdc két qud nghién citu dugc thiic hién
nho su ho trg ciia Dy dn “Decentralized water resource
circulation as a sustainable solution for plantation”
(HUST - LASER PULSE)n
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