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TOM TAT

Bién doi khi hdu dang lam gia tdng xdm nhdp mdn va thiéu nwéc ngot &
nhiéu dia phwong, dat ra nhu cdu vé gidi phap khur man hiéu qud, bén
vitng. Trong boi canh do, cong nghé chung cat mang (MD) duoc xem la
gidi phdp c6 nhiéu tiém ndng cho chdt lwong niede tot va chi phi thip nho
tan dung dwoc nang hrong mat troi va nhiét thai. Tuy nhién, thach thirc
con nam ¢ viéc lya chon mang MD phu hop va xdc ldp bo thong 56 vdn
hanh t6i wu dé dong thoi dat théng heong va hiéu sudt tach mudi cao, on
dinh. Do vdy, nghién ciru ndy tép trung khao st c¢6 hé thong hé chung cdt
mang trec tiép (DCMD) siv dung mang PVDF-MD téng hop bang dung
moi isoamyl alcohol, dénh gia anh hwong ciia chénh léch nhiét do, téc dé
dong chdy ngang, nong d¢ mudi ddu vao va thoi gian vin hanh. Két qud
cho thdy diéu kién t6i weu & 70°C (dong néng) va 25°C (dong lanh) voi toc
do dong 0,33 m/s, dat thong luong 20,5 LMH va hiéu sudt tach mudi
>99,9%, dong thoi han ché tham w6t 16 mang. Mang van van hanh én dinh
Vvéi dung dich nirde bién ¢d nong d¢ mudi cao va sau 30 ngay xu ly nudc
bién thue, nuede tham duy tri dat tiéu chudn nuwée uong.

Tir khéa: Bin mang, chung cdt mang, khan hiém nwée khir muéi, ky
nuwoc

ABSTRACT

Climate change is intensifying saltwater intrusion and freshwater scarcity
in many regions, creating an urgent need for effective, sustainable
desalination solutions. In this context, membrane distillation (MD) is
regarded as a highly promising option for producing high-quality water at
low cost by utilizing solar energy and waste heat. However, key challenges
remain in selecting suitable MD membranes and establishing optimal
operating parameters to simultaneously achieve high flux and stable salt
rejection. Therefore, this study systematically investigates a direct contact
membrane distillation (DCMD) system using a PVDF-MD membrane
fabricated with isoamyl alcohol as the solvent, evaluating the effects of
temperature difference, cross-flow velocity, feed salinity, and operating
time. The results indicate optimal conditions of 70 °C (hot/feed) and 25 °C
(cold/permeate) with a cross-flow velocity of 0.33 m/s, delivering a permeate
flux of 20.5 LMH and salt rejection >99.9% while mitigating pore wetting.
The membrane also operated stably with a high concentration of brine and,
after 30 days of continuous treatment of real seawater, produced distillate
meeting drinking-water standards.

Keywords: Membrane fouling, membrane distillation, water scarcity
desalination, hydrophobic
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1. GIOI THIEU

Bién déi khi hau dang lam tinh trang han hén,
xam nhap man va khan hiém nudc ngot trén toan cau
ngdy cang tré nén nghiém trong, déc biét tai cac
quoc gla ¢6 nhiéu tinh ven bién nhu Viét Nam. Du
bao dén nam 2030, hang ty nguoi roi vao nguy co
thiéu nude sinh hoat do nhu ciu nuée sach vuot qua
ngudn cung (Bamgboye et al., 2025). Do do, viéc
phat trién cac cong nghé hiéu qua dé chuyen hoa
nude bién thanh nude ngot 1a vo cung cap thiét.
Trong cac cong ngh¢ hién c6 (chung cét, dién thim
tich, thdm thau thuan), tham thau nguoc (Reverse
Osmosis - RO) dugc str dung phd bién nhat nho kha
ning tao ra nude ngot chat lwong cao voi thong
lwong nudc tham 16n (Kim & Hong, 2023; Salari et
al., 2025). Tuy nhién, h¢ RO van hanh & 4p suét rat
cao, tiéu ton nhiéu nang lwong va d& giap van dé bam
ban mang, 1am ting chi phi van hanh ciing nhu giam
hiéu qua thuc t& (Philibert et al., 2024).

Trudc thyc trang d6, cac giai phap mdi bén viing
va tiét kiém nang lugng cho xir Iy nudc bién 1a hét
strc can thiét. Trong do, chung cAt mang (Membrane
Distillation - MD) ndi bat nhd tan dung ngudn nhiét
thdp (nhiét thai, nang lugng mit troi), loai bo mubi
hi¢u qua va van hanh linh hoat (Joshi et al., 2024).
Trong qua trinh MD, mang vi xop ky nudc la yéu td
then chét: cho phép hoi nuéc di qua, dong thoi giir
lai mudi va cac chat khong bay hoi (Liao et al.,
2013; Ngo et al., 2022).

Hiéu qua cua qua trinh MD khong chi phu thudc
vao dic tinh mang ma con bi chi phbi nhiéu boi cac
thong s6 van hanh nhu chénh léch nhiét do, toc do
dong chay, nong d6 mudi dau vao va thoi gian van
hanh (Eykens et al., 2016; Martinez & Rodriguez-
Maroto, 2008). Viéc tdi uru cac thong sb nay la didu
kién tién quyét dé nang cao hiéu qua tach mudi, duy
tri thong lwong 6n dinh va kéo dai tudi tho mang,
nhitng yéu t6 quyét dinh cho tng dung rong rii cong
nghé MD (Gontarek-Castro & Castro-Muiioz, 2024).

Hién nay, mang MD thudng dugc ché tao bang
phuong phap dao pha, kéo sgi hoac kéo mang nong
chay dé tao cau truc xdp ky nudc. Trong d6, dao pha
dugc str dung rong rii nhat nho quy trinh don gian,
dé kiém soat vé cau trac (kich thudc/16 rong, do xdp,
tinh ky nuéc) va cho hi€u suat van hanh 6n dinh.
Mic du da co nhiéu nghién ctru cai tién vat liéu
mang (PVDF, PTFE, PP,...), phan 16n mang MD
thuong mai hién nay van dm mit véi hai han ché
16n: (i) tinh ky nude chwa du cao khién thong lwong
thip, (ii) d6 bén nhiét kém, d& tham w6t va suy giam
hiéu qua khi van hanh ¢ nhiét do cao (Alkhudhiri et
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al., 2012; Julian et al., 2022; Lou et al., 2025). Mot
s6 giai phap dung dung méi hiru co (methanol, 2-
propanol) giup tang tinh ky nu6c, nhung lai lam
giam d6 bén nhiét do mang dé truong nd, bién dang
o nhiét do cao (Nejati et al., 2015).

Trong nghién ctru truéc, mang PVDF-MD su
dung isoamyl alcohol 1am dung moéi dong tu duoc
tong hop thanh cong cho thdy su cai thién 10 rét vé
tinh ky nudc (goc tiép xtc 152 +2,3°), do x6p (84 =
2,5%), dong thoi duy tri thong luong 6 on dinh (19.2
LMH) va hiéu suit tich mubi cao (>99,8%) ngay ca
& diéu kién nhiét 6 van hanh cao (Thi, et al., 2025).
Pac biét, do isoamyl alcohol cé nhiét d9 s6i cao
(>130 °C), khac vai cac dung moi thong thuong nhu
methanol hay ethanol (<80°C), nén mang PVDF-
MD ché tao duge khong bi phéng khi tiép xuc voi
dong dung dich dAu vao & nhiét do cao. Tuy nhién,
nghién ctru d6 chu yéu tap trung vao dac tinh vat li¢u
cliia mang, trong khi van con thiéu cac khao sat c6
hé thong vé anh hudng cia cac thong sb van hanh
thuc té (chénh léch nhiét do, tbc do dong chay
ngang, nong do mudi dau vao) ddi véi hicu qua va
d6 bén lau dai cia hé¢ MD khi st dung loai
mang nay.

Vi vay, nghién ctru nay tap trung khao sat mot
cach h¢ théng anh hudng cia cac thong sé van hanh
quan trong gom chénh l¢ch nhiét do, tbc do dong
chay ngang, néng do mu01 déu vao va thoi gian van
hanh dén hi€u qua va do 6 6n dinh lau dai cta hé thong
DCMD st dung mang PVDF-MD ché tao bing
isoamyl alcohol. Két qua nghién ctru s& dong gop co
s0 khoa hoc cho viéc ing dung va thuong mai hoa
cong nghé¢ DCMD trong xtr ly nuge bién, giai quyét
thach thirc vé bién d6i khi hau tai Viét Nam.

2. PHUONG PHAP NGHIEN CUU
1. Vit li¢u

Mang PVDF-MD su dung trong nghién cuu nay
dugc téng hop theo quy trinh d cong bd trude day
cua nhoém nghién ctru, vdi céac tinh chét dugc tong
hop ¢ Bang 1. Nudc lg va nude bién tong hop duoc
chuan bj bang cach hoa tan lan luot 20, 35, 50, 65
va 80 g NaCl trong 1 lit nudc khir ion (DI), twong
(g véi ndng d6 tong chat ran hoa tan (TDS) 20, 35,
50, 65 va 80 g/L. Ngoai ra, nudc bién thyuc dugc 1ay
tr vung ven bién tinh Ninh Thuan cling dugc su
dung 1am nudc du vao cho cac thi nghiém DCMD.
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Bang 1. Tinh chét ciia mang PVDF-MD

Théng s6 Gi4 tri
Vit liéu oAbe mat hoat PVDF
dong
Vat liéu 6 bé mat ho Polyethylene terephthalate
tro (PET)
Do rong (%) 84+25
Goc tiep xuce (°) 152+23
Kich thuéc 16 mang 031 + 0,06

(um)
(Nguon: Thi et al., 2025)

2.2. Thiét 1ap thi nghiém DCMD

Qua trinh khir midn nudc bién duoc tién hanh trén
hé thong chung cit mang quy mo phong thi nghiém
dang dong chay ngang (Sterlitech, USA), nhu minh
hoa & Hinh 1. M6-dun DCMD bang acrylic gom hai
nira, mdi nira chira mot kénh dong chay co kich
thude 4,5 cm (rdng), 9,2 cm (dai) va 0,2 cm (cao),
cho dién tich mang MD hi¢u qué 1a 41 cm?. Hai bom
HF-8936 (Pai Loan) dugc sir dung dé tudn hoan
dong nudc dau vao va dong nude thdm qua mang.
Nhiét d6 cua cac bé chira duoc kiém soat béng hai
bé diéu nhiét (D-606, Deng Yng, Pai Loan). Nhiét
d6 & bé lanh cb dinh 1a 25°C, nhiét do ¢ bé nong
(chira nude mudi) duge didu chinh 1a 40 °C, 50°C ,
60°C , 70°C va 80°C dé dat nhiét d6 chénh léch giita
dong néng dong lanh lan luot 1a 15°C, 25°C , 35°C,
45°C va 55°C. Téc d6 dong chay ngang qua mé dun
mang MD dugc thay déi lan luot tir 0,22 m/s, 0,33
m/s va 0,66 m/s biang cach thay dbi luu lrong bom
cho dong néng va dong lanh. Trong mdi thi nghiém,
nuéce bien tir bé chira va nude khir ion tir bé thdm
dugc tuan hoan lién tuc qua hai nira mé-dun rdi quay
lai bé chira twong tmg. Su thay d6i khéi luong nuée
thAm dugc ghi nhén béng can dién tu, tir d6 tinh toan
thong lwong nudc thim. DS vai thi nghiém khao sat
vé anh huong ciia nhiét d9, tbe do dong chay ngang
va ndng d6 mudi ddu vao dbi véi hidu qua xtr 1y, thi
md hinh DCMD dugc danh gié trong thoi gian 10 h.
Thi nghiém danh gia hiéu qua xir 1y nudc bién thuc
ctia md hinh DCMD tai diéu kién tdi wu dugc van
hanh lién tuc trong 30 ngay nham kiém tra tinh 6n
dinh ciia mang MD, ¢ d6 nudc bién duoc cham thém
vao bé chira nudc néong nham duy tri TDS trong
khoang 35 g/L dén 50 g/L.

Théng lugng dong nudc thim (J,) duge tinh
toan dya trén sy thay doi thé tich cia nudc tham qua
mang MD theo cong thuc sau:
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Bé chira
nudclanh o

bién
Bé chia nudc néng %ﬂ

Hinh 1. H¢ thong DCMD quy md phong thi
nghiém cho khir miin nwéc bién

(D

| Nudrc ngot

Trong d6, AV 1a su thay ddi thé tich nudc thim
(L), Atla thoi gian (gio), va A 1a dién tich mang hi¢u
qua (m?).

Hiéu qua loai xtr ly (R) dugc tinh theo cong thirc:
2

Trong d6, C , va Crlan luot 1a TDS trong dong nuéc
thim va dong nuéc dau vao. Hiéu tng pha lodng
dugc tinh khi x4c dinh TDS trong dong nudc thim
theo cong thire:

R = (1—2—2)){100%

3)

C _Cimq —Cogmg
p= mq_—my
Trong do, mo va m lan luot 1a khdi luong nude
ban dau va cudi ciing ctia dong nudce tham qua mang
MD va Co va C; 1a TDS ban dau va cubi cing.

2.3. Phuong phap phan tich

Goc tiép xtc cia mang MD dugc xac dinh bang
thiét bi do goc tiép xac CAM 100 (Opto-
Mechatronics P Ltd., An bo). Mirc do bam ban cua
mang dugc phan tich bang pho tan xa tia X ning
luong (EDX, Philips XL30). Tong chat rin hoa tan
(TDS) trong ca dong nudc dau vao va dong thim
dugc do bang may do TDS (HANNA HI 98194,
USA).

3. KET QUA VA THAO LUAN

3.1. Khao sat nhiét do van hanh t6i wu cho
mang MD trén mé hinh DCMD

Dbé danh gia anh hudng cua su chénh 1éch nhiét
d6 gitra dong noéng va dong lanh dén hiéu qua van
hanh cia m6 hinh DCMD, trong nghién ctru nay,
nhiét d6 dong lanh dugc giit ¢b dinh ¢ 25°C (twong
ung véi nhiét do phé bién cua nude bién tai Viét
Nam), trong khi nhiét d6 dong néng dugc thay dbi
tir 45°C dén 80°C (tuong ung voi AT = 15, 25, 35,
45 va 55°C). Mang MD st dung trong thi nghiém
dugc tong hop tir 15% PVDF hoa tan trong hdn hop
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dung méi DMF va isoamyl alcohol, theo quy trinh
dd dwoc cong b trong cac nghién ciru trude cia
nhém. Tdc do dong chay cat ngang ctia dong nong
va dong lanh dugc duy tri ¢ 0,22 m/s.

Két qua duogc thé hién tai Hinh 2 va 3 cho tha"iy
chénh léch nhiét d6 (AT) tac dong manh mé dén
thong lwong nude thim (J,,), hiéu suit loai bo mudi
(H%) va chét luong nudc dau ra (TDS). Cu thé, khi
AT tang tir 15°C 1én 55°C, J, tang tir 5,2 1én 24,7
LMH, tuong g v6i mirc tang khoang 375%. Dac
biét, mdi 1an AT ting thém 10°C, thong lugng nudc
tham déu tang 16 rét, vi du tir 15°C 1én 25°C, J,, ting
161%; tir 25°C 1én 35°C tang 26%; tir 35°C 1én 45°C
tang 19,7% va tir 45°C 1én 55°C tang 20,5%.

Tir cac két qué trén co thé théy, khi nhiét 46 dong
nong ting lén, thong lugng nudc tham qua mang
cling ting tuong ung, didu nay di duoc ghi nhan
trong nhiéu nghién ctru trude day (Khalifa et al.,
2017; Luo & Lior, 2017). Nguyén nhan chinh la do
khi nhiét d6 dong lanh dugc giir c6 dinh, viéc tang
nhiét do dong nong s€ lam tang ap sut riéng phan
ctia hoi nude & phia nay, dan dén ting thong luong
dong nudc thdm theo phuong trinh sau:

Jw= Bm (pr-Pp) “4)

trong d6, Ji 1a thong lugong thAm, By, 1a hé sb
truyén khdi ctia mang, prva p, 1an luot 14 4p suat hoi
nudc & phia dong néng va dong lanh. Ap suét hoi
nudc dugc xac dinh boi phuong trinh Antoine:

p=exp (23.328 - 3841/(T - 45) (5)

Nhu vay, ¢ cing diéu kién nhiét d6 dong lanh
(25°C), khi tang nhiét d6 dong néng s lam tang
dang ké 4 ap suat hoi nuéc ¢ phia nay, din dén chénh
léch 4p suat hoi nudc qua mang 16n hon, tir d6 thic
day thong lugng nudc thim dat gia tri cao hon. Pong
thoi, tir phuong trinh trén ¢ thé thiy, trong cling
mot diéu kién nhiét ¢ dong mat & 25°C, khi ap suét
hoi nudc dong vao tang 1én thi thong lugng dong
thim dat dwoc s& tang 1én.

Tuy nhién, khi nhiét 6 dong nong tang qua cao
(>80°C, AT=55°C), hiéu qua loai bé mubi bit dau
suy giam nhe, tir 99,97% xuéng con 99,89% va TDS
trong dong tham tang tir 12 1én 37 mg/L. Hién tuong
nay duoc 1y giai 1a do & nhiét do cao, mang dé bi
gidn nd nhiét, giam strc cing bé mit dung dich, tang
nguy co thAm uét 16 mang va ro ri mudi qua mang,
anh huong dén chit luong nudc dau ra va tudi tho
mang MD.

Tai AT=45°C (nhiét d dong néng 70°C, dong
lanh 25°C), théng lugng nudce thim dat 20,5 LMH,
ting 296% so véi AT=15°C, hiéu suat loai bé mubi
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van duy tri rat cao (99,94%) va TDS chi & mirc 22
mg/L, rat thip so v6i quy chuin QCVN 0l-
1:2024/BYT (<1000 mg/L). Piéu nay cho thiy, day
1a didu kién van hanh ti wu vi vira dat thong luong
nudce cao, vira duy tri chat lvong nudc dau ra 6n dinh
(TDS dong thim thap), ddng thoi han ché rii ro ky
thuat khi van hanh & nhiét d6 qua cao.

Nhu vay, nhiét d¢ van hanh tdi wu duge lua chon
cho hé thdng DCMD 1a dong néng 70°C va dong
lanh 25°C (AT=45°C). Sy lya chon nay vira phu hop
v6i thuc tién nhiét d6 nude bién tai Viét Nam, vira
dam bao hi¢u qua tach nudc bién cao, chét luwong
nudc dau ra on dinh, tidu tén ning luong hop 1y va
kéo dai tudi tho mang trong diéu kién van hanh
lau déi

(‘TJ“ B, (pr— Pp)
-}
7exp(23 328 3841/(T 45))
20
10
5 -

Chénh lgch nhl@t do giitra dong néng va lanh, AT (°C)

N3
W

Théng lwgng dong nuéc thim, Jw (LMH)
—_
wm

=

Hinh 2. Anh hwéng cia chénh 1éch nhiét dd ti
thong lwgng dong tham cia mang MD (Thoi
gian van hanh 10 h)

B TDS cla dong thdm, mg/L W Hiéu sut x 1y, %

B
0
10

Chénh I¢ch nhiét db giira dong nong va lanh, AT (oC)

100

TDS, H(%)
P T
W = th & &= n S
DS ciia ding thim (mg/L)

. FPR
Hiéu suat xar ly

=

95

Hinh 3. Anh hudng ciia chénh 1éch nhiét dd t6i
hiéu qua xi ly ciia mang MD (Thoi gian van
hanh 10 h)

3.2. Panh gia dnh hwéng cia tbc do dong
chdy ngang téi hiéu qua cia moé hinh
DCMD

Két qua thi nghiém cho thay, tc do dong chay

ngang 1a mot trong nhiing thong sé van hanh quan
trong anh hudng tryc ti€p tdi hi€u suat ciia qua trinh
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DCMD. O nhiét do chénh léch dong néng-lanh cb
dinh (AT = 45°C), khi tang téc do dong chay ngang
tir 0,22 1én 0,33 m/s, thong lwong nude thim (Jy)
tang 10 rét tr 20,5 1én 24,8 LMH (tang ~21%), trong
khi hiéu suit loai bo mubi (H%) van duy tri rat cao
(> 99,9%) va TDS dong thiam ting khong dang ké
(32 1én 34 mg/L) duoc thé hién & Hinh 4 va 5. Viéc
tang toc do dong chay ngang giup giam hién tuong
phan cyc nhiét va nong do tai bé mit mang, qua do
cai thién truyén nhiét va khdi luong, dan dén ting
thong luong thadm (Nguyen et al., 2018).

Tuy nhién, khi ting toc d6 dong chay ngang 1én
0,66 m/s, thong lugng chi tdng nhe 1én 25,2 LMH
(so v&i 24,8 LMH & 0,33 m/s), nhung hiéu suét loai
b6 mudi giam con 99,85% va TDS dong thdm ting
1én 53 mg/L. bay la dAu hiéu rd rang cua hién tugng
thAm wét mang (pore wetting), do van tbe dong qua
cao tao ap lyc 16n 1én bé mit mang, thic ddy nudc
va ion mudi xam nhap qua 16 mang, lam giam chat
luong nude dau ra. Két qua duoc thé hién & Bang 2
cling cho thdy tai 0,66 m/s, goc tiép xuc ciia mang
MD giam manh (tir 150° xudng 116°), chimg to
mang d4 bi udt va kéo theo mudi di qua cung véi hoi
nude. Hién tugng nay phu hgp voi cac nghién ciru
thuc nghiém trude ddy, khing dinh rang téc do dong
chay qué cao c6 thé gdy thim wét mang, 1am ting do
dan dién va TDS cua dong thdm, tir d6 anh hudng
tiéu cyc dén hiéu qua tach mubi cua hé thong
(Nguyen et al., 2018).

0,33

w
=3

N
P

o
S

=5

»n

Thong lwgng dong nude thim , Jw (LMH)
=

<

Tée dd dong chay ngang, m/s

Hinh 4. Anh huéng cuia tdc do dong chay ngang
t6i thong lwgng tham ciia mé hinh DCMD

(Ghi chu: Thoi gian van hanh mé hinh DCMD lal0h,
chénh léch nhiét d¢ dong nong va lanh = 45 °C)

Nhu vay, toc do dong chay ngang 0,33 m/s dugc
xéc dinh 12 t&i vu trong diéu kién nghién ciru nay. O
mirc nay, hé thong DCMD vira dat duoc thong
lwong nude tham cao, vira dam bao hiéu suét loai bo
mudi va chat lwong nudc dau ra 6n dinh, han ché t6i
da nguy co thdm w6t mang va tang chi phi ning
luong khong can thiét. Lua chon nay dam bao sy can
bang hop 1y gitra hiéu qua van hanh va chi phi ning
lugng cho qua trinh.
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mH% W TDS cua dong thim, mg/L

Hiéu sudt xir Iy TDS, H(%)
-] - R
3 o =]
2
TDS ciia dong thim

3
=

e
a

0

0,22 033 0,66

Tée dp dong chiy ngang (m/s)
Hinh 5. Anh huéng ciia tdc d9 dong chay ngang
t6i hi€éu suat xir ly cia mé hinh DCMD
(Ghi chu: Thoi gian vdn hanh mé hinh DCMD lal0 h,
chénh léch nhiét do dong nong va lanh = 45 °C)
Bing 2. Thay dbi goc tiép xiic ciia mang MD sau
khi chay mé hinh DCMD

Vin toc dong

LA Géc tiép xic
Géc tiép xic P

chay ngang, ban dau sau khi chay thi
m/s nghiém
0,22 151+£2,4 144+ 1,8
0,33 153 £2,8 135+2,1
0,66 150 £ 2,1 116 +£1,7

3.3. Panh gia anh huwéng cia néng do mudi
dau vao toi sw thé hién cia mang MD
trén moé hinh DCMD

Thi nghiém dugc tién hanh nhdm danh gia tac
dong ciia nong d6 mudi dau vao dén hidu suat mang
MD trong m6 hinh DCMD. Céc diéu kién van hanh
dugc giir ¢b dinh voi nhiét do dong nong 70°C, dong
lanh 25°C (AT = 45°C) va toc do dong chay cat
ngang 12 0,33 m/s. Nong d6 NaCl dau vao dugc thay
ddi tir 20 g/L dén 80 g/L.

Két qua cho thay khi nong d6 mubi dau vao ting,
thong lugng nudc tham (Jy) c6 xu hudng giam dan,
trong khi hiéu suét loai bo mudi (H%) luén duy tri &
mirc rat cao (Hinh 6). Cu thé, tai nong do 20 g/L, Jy
dat gié tri cao nhat 1a 25,4 L/m?-h va hiéu suat loai
bo mudi dat 99,88%. Khi ting ndng do lén 35 g/L,
Jw gidm nhe con 24,8 L/m*-h, H% ting 1én 99,90%.
O ndng d6 50 g/L va 65 g/L, J, tiép tuc giam con
22,1 L/m?>h vi 20,3 L/m?h, higu suat loai bo mudi
van rat cao, 1an luot 1 99,92% va 99,93%. Cubi
cung, tai néng do 80 g/L, J dat th?ip nhét voi 17,8
L/m?-h, nhung hiéu suit loai bo mubi van duy tri &
murc 99,93%.

Két qua chi ra rang théng lugng nudc giam khi
ndng d6 mudi dau vao ting do hai co ché dong thoi:
(i) d6 nhot dung dich ting lam giam hé sb truyén
khdi va gia ting phan cuc ndng d6 tai bé mit mang;
(i) phan mol nudc giam kéo theo ap suat hoi & phia
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dong néng gidm, tir d6 lam suy gidm chénh 1éch ap
sudt hoi qua mang va han ché qua trinh khuéch tan
hoi nudc qua mang (Wang et al.,, 2011). Theo
phuong trinh cua Khalifa et al. (2017), Jw ty 1& thuan
v6i chénh 1éch ap suat hoi nude qua mang, trong khi
thanh phan mol nudc giam dan khi nong do mudi
tang s& lam giam 4p suat hoi nu6c phia dong nong.

Jw = By X (pg X v¢ X X¢ — pp) (6)

Ye=1— (0,5 X Xnac1) — (10 X x%ac) (7)

Trong d6, J, 1a thong lugng thim, By, 14 hé s6
khuéch tan trong can bang, pr va p, lan luot 1a ap
sudt cta hoi nuée ¢ dong nudc néng vao va dong
thAm tai bé mat mang, yr 1a hé s6 hoat dong, x¢ 1a
phan mol ctia nuéc trong dung dich nuéc min dau
Va0, Xnac1 14 phan mol cta NaCl trong dung dich
nuéc min dau vao.

30 100
99.8
99.6 £

F
0 994 %
99.2 2

215 99
=3 98.8 .
10 98.6 T
3
5 984 2

98.2

0 98

20 gNacl/L 35 gNaCl/L 50 gNacl/L 65 gNacl/L 80 gNaCl/L
Néng dé dong mudi dau vaol

Théng lueng dong nwéc tham, Jw
o ly

_— H%

Hinh 6. Anh huéng ciia ndng d) mudi diu vao
t6i sy thé hién ciia mang MD trén mé hinh
DCMD

Mac du thong luong nude thdm giam nhe khi
tang ndéng d6 mudi dau vao, nhung hiéu suat loai bo
mudi ctia mang MD van ludn duy tri & muc gan nhu
tuyét ddi (tir 99,88% dén 99,93%). Diéu nay khing
dinh kha ning van hanh én dinh va hiéu qua cia
mang MD t6ng hop, ké ca khi xtr Iy cac ngudn nude
bién c6 ndng 46 mudi cao (t6i 80 g/L NaCl). Két qua
nay minh chimg tiém ning img dung manh mé cua
cong nghé mang MD trong xir Iy nudc bién va nude
lo dé thu hdi nuée ngot chét lwong cao, 14 giai phap
tbt tmg bién v6i sy bién d6i khi hau hién nay.

3.4. Panh gia hi¢u qua xir Iy nuée bién ciia

mé hinh DCMD theo thoi gian

Dé danh gia kha nang van hanh lau dai cta hé
thdng DCMD véi ngudn nudc bién thuc té, thi
nghiém duogc tién hanh lién tuc trong 30 ngay, su
dung nudc bién liy tai Ninh Thuan véi TDS =
34.100 mg/L. Céc diéu kién van hanh dugc giir ¢b
dinh, bao gém chénh I¢ch nhi¢t 6 dong noéng-lanh
45°C (néng 70°C, lanh 25°C) va tdc d6 dong chay
ngang 0,33 m/s.
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Két qua cho thay, thong lugng nudc thim giam
dan tir 24,3 LMH ¢ ngay dau tién xudng con 15,8
LMH vao ngay thtr 30, tuong (rng v4i mirc suy giam
khoang 35% sau 30 ngay van hanh (Hinh 7). Sy suy
giam nay chu yéu do hién tuong bén mang hinh
thanh trén bé mit mang trong /qua trinh t1ep xuc kéo
dai voi nude bién ty nhién, vén chira nhidu tap chét
hitu co va vo co gy can trd qua trinh van chuyén
hoi nuéc. Phan tich EDX (Hinh 8) chi ra rang, sau
30 ngay van hanh, trén bé mit mang MD xuat hién
céc thanh phan nhu Na, CI, Si,... 1a nguyén nhan chu
yéu gay ban mang. Do d0, can tiép tuc nghién ctru
va ap dung cac bién phép tién xir Iy nhu loc cat hodc
loc MF nhiam giam thiéu hién trong bam ban va kéo
dai tudi tho cia mang MD trong cac nghién ctru tiép
theo. Tuy vay, téc d6 giam thong lwong nude thim
twrong ddi thap, cho thdy mang MD tong hop van
duy tri kha ning chdng bam ban tét trong diéu kién
van hanh lién tuc.

Hinh 7 cho thay TDS cta dong tham ludn dugc
duy tri & muc rat thap, dao dong tir 34 dén 41 mg/L
trong subt qué trinh thi nghiém. Hi¢u suat loai bo
mubi ludn giir trén 99,88%. Véi TDS < 50 mg/L,
nude sau xir Iy hoan toan dap tmg tiéu chuan nudc
ubng theo QCVN 01-1:2024/BYT. Két qua nay phu
hop véi cac nghién ctru trude do, khé'ing dinh hé
thong DCMD c¢6 kha ning tao ra nudc ngot chat
lwong cao va van hanh 6n dinh lau dai néu diéu kién
van hanh dugc duy tri hop ly va kiém soat tot hién
tugng ban mang. Sau 30 ngay van hanh lién tuc voi
nudc bién thuc cho thay hé thdng DCMD khéng chi
dam bao hiéu qua tach mubi rt cao ma con duy tri
chét luwong nudce dau ra 6n dinh, pht hgp cho muc
tiéu cép nudc sinh hoat tai cac khu vuc ven bién.

o, 100 45

. w
*® :/X—k/‘/_’. 93

20 T

3, (LMIT)

15

TDS ciia dong thim (mg/T)

wlw LMl #11% -+ TDS (mgl.)

0 95 0
0 5 10 15 20 25 30 35
Thaéi gian vin hinh, ngay

Hinh 7. Sy thay dbi théng hrong thAm va hié¢u
qua xir Iy cia m6 hinh DCMD theo thoi gian
van hanh véi nuée bién thuc
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(a) Mang PVDF-MD ban déu

Céc chat ban tir nweéc bién bam
Ién bé mat mang MD
A4 4‘ 4

ull Scale 2733 cts Cursor 17.783 keV (0 cts)

Hinh 8. EDX ciia mang MD ban diu va mang
MD bi fouling
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4. KET LUAN

Anh huéng cua cac théng s6 van hanh t6i kha
ning thé hién cia mang MD trong qua trinh xir 1y
nudce bién & quy mo thi nghiém dugc diéu tra trong
nghién ctru. Két qua cho thiy mang MD nay dat diéu
kién téi wu tai tbc d6 dong chay ngang 0,33 m/s,
nhiét 36 dong nong 70°C va dong lanh 25°C (AT =

45°C), nho cho thoéng luong cao dong thoi ngin
khong cho mudi qua mang vuot troi. Cac diéu kién
trén ciing giam phéan cyc nong do va han ché tham
w6t 16 mang. Hon nira, hé DCMD sir dung mang
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mubi gan nhu 100% (>99,9%), chat lugng nudc
thim dat chudn nuéc udng va duy tri 6n dinh ngay
ca voi néng d6 mudi t6i 80 g/L NaCl trong 30
ngayxt Iy nudce bién thuc. Két qua nay mo ra trién
vong 16n trong tmg dung cong nghé DCMD cho xur
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