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TOM TAT

Nghién citu duoc thuc hién nhdm khdm phé tiém ndng ciia cong nghé chung
cat mang (Membrane distillation-MD) nhir quy trinh mot budc dé xir Iy va i
stk dung nudc thai nhudm tir nganh dét nhugm. Trong nghién citu, viéc tong
hop mang MD duwoc tién hanh bang cdch sit dung cdc dung dich déo pha c6 ti
1 thé tich H20/Isoamyl alcohol khdc nhau nhdm néng cao tinh ky nuéc, tang
théng leong dong meée tham va hiéu sudt logi bé dé mau. Két qua cho thay,
mang MD 16 wu, Vi ti 16 thé tich H20/Isoamyl alcohol la 50:50, dat duoc
théng leong dong meée tham cao (18,05 L/m2 h) va hiéu qud logi bo dg mdu
99,69%, cung voi hi,éu‘sud't thu hoi nude dat 60,35% sau 16 gio vdn hanh.
Ngodi ra, mang MD téng hop trong nghién ciru ndy cho théng heong dong
muGe tham cao hon khodng 1,3 lan so véi mang MD thuong mai nho vao do
x0p I6n hon. Két qua chimg minh rang isoamyl alcohol ¢6 thé cdi thién hiéu
qua ciia mang MD, mang lai gidi phdp bén vitng cho viéc thu héi phdam mau
va xit Iy nwdc thai trong nganh dét bdng cach tan dung nhiét thai tir nudc thai
nhuom. Mot cach tong the mang MD tong hop trong nghlen cuu nay co trién
vong la gidi phdp hiéu qud dé gidi quyet cdc thach thirc vé xir Iy nuoc thdi
trong nganh dét nhuom tai thanh pho Bao Loc hién nay.

T khéy: Chung cat mang, ky nudc, logi bo dé mau, nuwoc thdi nhuém,
phuc hoi nuoc

ABSTRACT

This study explores the potential of membrane distillation (MD) technology as a
one-step process for treating and reusing dye textile wastewater. The research
synthesizes MD membranes using a novel H:O/Isoamyl alcohol non-solvent in
phase inversion with varying ratios to enhance hydrophobicity, thermal stability,
and evaluate water flux and dye removal efficiency. Results showed that the
optimal MD membrane, with a 50:50 H:2O/Isoamyl! alcohol ratio, achieved high
water flux (18.05 L/n? h) and color removal efficiency (99.69%), along with a
water recovery of 60.35% after 16 hours of operation. Additionally, the
synthesized MD membrane demonstrated approximately 1,3 times higher water
flux than the commercial MD membrane due to its greater porosity. The results
demonstrated that isoamyl alcohol can improve the long-term performance of
MD membranes, offering a sustainable solution for dye recovery and wastewater
treatment in the textile industry by utilizing waste heat from dyeing wastewater.
Overall, the synthesized MD membrane shows promise as an effective solution
to address dye wastewater treatment challenges in Bao Loc's textile sector.

Keywords: Color removal, dye wastewater, hydrophobic, membrane
distillation, water recovery
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1. GIOI THIEU

Thanh phb Bao Loc cua tinh Lam Pdng dugc
biét dén 14 trung tdm ctia nganh cong nghiép to tim
va dét nhudm cua Viét Nam, véi hon 330 co s san
xuit dong gop gia tri xuat khau dang ké, dat hang
triéu d6 la My mdi nam. Tuy nhién, cic hoat dong
san xudt nay thai ra mot lugng 16n nudc thai va gay
6 nhiém ngudn nudc nghiém trong tai Viét Nam (Ho
et al., 2024; Rodrigues et al., 2025). Pac biét, nudc
thai tir cac co s& dét nhudm tai Bao Loc chira nhidu
hop chat nhudm axit hon hgp khé phéan hity sinh hoc,
khién cac phuong phap xur 1y hién tai (két hop héa
Iy va sinh hoc) gép kho khan trong viéc dap tng ti€u
chuin xa thai & ¢t A, QCVN 13-
MT:2015/BTNMT. Chung cit mang (Membrane
Distillation - MD) di ndi 1én nhu mot cong nghé
xanh ddy trién vong dé xur Iy va tai st dung nudc
thai, ddc biét trong nganh dét nhuém. MD la qua
trinh tach dya trén nhiét, st dung chénh 1éch ap suét
hoi nuéc lam dong luc, cho phép loai bo hoan toan
céc chit hoa tan khong bay hoi va san xuat nudc dat
chét luong cao (Razaqpur et al., 2021; Santoro et al.,
2022; Yadav et al., 2022; Nthunya et al., 2024). Vi
kha ning hoat dong ¢ nhiét d6 ngudn cép vao phd
bién tir 35 dén 85°C, MD c¢6 thé tan dung nhiét thira
tir nudce thai dét nhudm, lam ting tinh bén virng cua
qué trinh xir Iy. Mac di ¢6 tiém ning 16n, cac k§
thuat ché tao mang MD hién tai vAn d6i mat voi
nhiéu han ché (Alkhudhiri et al., 2012; Julian et al.,
2022; Bamasag et al., 2023; Ngo et al., 2023; Zhang
et al., 2023). Thir nhit, mang MD thudng c6 d6 rong
va tinh ky nu6c thdp, din dén thong luong dong
nudc thAm thép (Yadav et al., 2022; Hou et al.,
2023). Thir hai, sy suy giam tinh chat cia mang MD
& nhiét do cao gy ra hién tuong tham wdt nhanh
chéng, 1am giam hiéu qua loai bo chit 6 nhiém. Cu
thé, Fortunato et al. (2021) d4 ghi nhén thiy rang khi
mang MD dugc sir dung dé xir Iy nudc thai dét
nhudm, thong lugng dong nude thim giam téi 70%
theo thoi gian do hién twong bin mang & nhiét
do cao.

Mang MD vi x6p thuong dugc ché tao bang ki
thuat dao pha, trong d6 dung dich polymer chuyén
tir trang thai 16ong sang ran thong qua qua trinh tach
pha khi dugc ngdm trong bé dong tu chira dung moi
khong hoa tan nhu nudce (Ravi et al., 2020; Kusuma
etal., 2021; Alsebacai et al., 2024). Cu thé, khi dung
dich polymer tiép xtic véi dung méi khong hoa tan,
xay ra hién tuong khuéch tin nguoc: dung méi
khuéch tan ra ngoai, trong khi dung méi khong hoa
tan khuéch tan vao trong, 1am giam kha ning hoa tan
ctia polymer. Khi dat dén ngudng bio hoa, polymer
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két tha va hinh thanh mang lui polymer ran, tao nén
céu tric mang x0p. Loai chit dung méi dao pha
dugc st dung anh huong 16n dén tinh ky nuée va
céu tric 16 rong cua mang (Nguyen et al., 2025). Cac
phuong phap dong tu truyén thong st dung nudc
lam dung méi trong k¥ thuat ddo pha thudng tao ra
mang MD c6 do rong thap va kich thudc 16 nho va
goc tiép xuc bé mit chi trong khoang 90° — 107°, tir
d6 lam han ché hiéu suat xir 1y cua mang
(Fontananova et al., 2006). Két qua nghién ciru ciia
Yadav et al. (2024) chi ra rang, nuéc dugc sir dung
lam dung moi dao pha dé tong hop mang MD thi
hiéu suat loai bé mudi tdi da chi dat khoang 98%.
Nguoc lai, cac loai rugu nhu methanol hodc ethanol
duogc st dung 1am dung moi dao pha thi tinh ky nuéce
duoc cai thién (gbéc tiép xuc 1én dén 165°), nhung
nhiét do diém so6i thap (64,7°C d6i véi methanol)
gdy ra sy bat on nhiét, dan dén hién twong mang MD
bi phong rop va giam hiéu suat xir Iy ¢ nhiét do cao
(Enamul et al., 2024; Nguyen et al., 2025). Trong
cac nghién ctu trudc day, nhom nghién ciru cua
chung t6i da tién hanh tong hgp mang MD bing
phuong phap dao pha vdéi dung modi la isoamyl
alcohol, qua dé dat dugc mang c6 goc tiép xuc cao
(152+2,3°) (Nguyen et al., 2025). Tuy nhién, thong
luong dong tham qua mang giam nhanh trong qua
trinh van hanh do hién tugng bam ban mang MD
nghiém trong.

Vi vay, nuéc va isoamyl alcohol da dugc su
dung két hop lam dung mdi dao pha nhém tao ra
mang MD c6 hiéu suit xur 1y cao, duy tri on dinh
thong lwong dong thim va giam thiéu hién tuong
bam ban trén bé mat mang. Véi wu diém vé diém soi
cao (131°C), isoamyl alcohol duoc ky vong s€ nang
cao do bén nhiét va kha nang hoat dong 6n dinh cua
mang dudi ap suat va nhiét do kéo dai. Trong khi do,
viéc bd sung nude vao dung méi dao pha gitp thic
ddy nhanh qué trinh dong tu, tao bé mat mang co
tinh chét wa nude phit hop, qua dé han ché dang ké
mirc 6 bam ban ctia mang MD trong qué trinh van
hanh. P4y 1a nghién ctru dau tién duoc thyc hién
bang cach sir dung isoamy] alcohol két hop v6i nude
trong dung méi ddo pha dé tong hop mang MD ma
khong can s dung chat phu gia hay bién tinh
polymer. Nghién ctru nay dugc tién hanh nham tong
hop mang MD va tng dung cong nghé MD vao viéc
thu hoi thudc nhudm va tai s dung nude tir nude
thai dét nhudom tai Bao Loc. Cac muc tiéu cu thé bao
gdm: (i) khao sat anh huong cua ty 16 HyO/Isoamyl
alcohol dén thong lwong dong nudc tham va higu
qua loai bo dd mau, (ii) danh gia tac dong cua nhiét
d6 dén hiéu suat MD va (iii) kiém tra kha ning thu
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hdi thude nhudm va nude tir nude thai nhudm dét
Béo Loc theo thoi gian van hanh cua hé thong MD.

2. PHUONG PHAP NGHIEN CUU
2.1. Vit liéu

Trong nghién ctru nay, polymer Polyvinylidene
Fluoride (PVDF) véi khdi luong phén to 534 kDa
va dung mo6i N-Methyl-2-Pyrrolidone (NMP) duoc
cung cap boi Sigma Aldrich. Isoamyl Alcohol (d6
tinh khiét 99%) dugc mua tir Hebei Yanxi Chemical
Co., Ltd d¢ sir dung trong qua trinh tong hgp mang
MD. Nudc thai tir hoat dong nhudém vai duoc 14y tir
nha may dét nhuém Bao Loc, tai s6 116 duong Phan
Dinh Phiing, phuong Loc Tién, thanh phd Bao Loc,
tinh Lam Dong. Trong qué trinh san xuat, nha may
dét nhuom Bao Loc da pha 11 g san pham mau R-
SOsNa trong 50 lit nude dé tao ra d6 mau gdc ban
déu 1a 3500 PtCo, phuc vu cho qué trinh nhudém 3
kg vai/mé. Sau khi nhuém, mot phin phim mau
duoc gan vao vai, phan con lai dugc thai ra theo
dong nudc thai v6i cac thong sb d6 mau = 1536 +
41 PtCo, COD = 1225 £+ 19 mg/L, nhiét do = 65 £
5°C va d¢ dan dién (EC) = 1200 + 12 pS/cm va pH
=8,31+0,45.

Ngoai ra, trong nghién ctu nay, mang MD
thuong mai (san xuat tai Dai Loan) cung duoc st
dung dé so sanh v6i mang MD ty tong hop. Tinh
chat cia mang MD thuong mai dugc trinh bay chi
tiét trong Bang 1 .

Bang 1. Tinh chit ciia mang MD thwong mai

Théng s6 Gia tri
Vat liéu 16p bé mit hoat Polytetrafluoroethylene
dong (PTFE)
Vat lidu 16p hé tro Polyethyle(rll)eE t](i;ephthalate
Goéc tiép xuc (°) 123,6+0,8
Kich thudc 16 mang 0.45

(um)
2.2. Quy trinh tdng hop mang MD

PVDF dwgc hoa tan trong NMP ¢ nhiét do 65°
C v&i ndng dd 13% trong lwong polymer. Sau do,
dung dich polymer dwoc xur ly béng bé siéu 4m
trong 3 gio nham muc dich khir hét bot khi. Mot 16p
vai khong dét PET c6 d6 day 90 um (xuat xtr Dai
Loan), duwgc str dung lam vat liéu hd tro dé tang do
bén cho mang MD. Dung dich polymer dwgc d6 1én
bé mit kinh c6 16p hd tro gin san, sir dung dao kéo
mang véi do day 500 v m tai nhiét do 25° C. Cac
mau mang MD da dic dwoc ngay lap tic dwoc
ngam trong cac dung méi dao pha, bao gdom hén hop
H,O/Isoamy]l alcohol theo céc ty 1¢ thé tich 90:10,
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50:50 va 10:90, & nhiét do 15° C trong 24 gi¢. Sau
d6, mang MD dwoc ldy ra va dé kho ¢ nhiét do
phong trong 24 gio. So' dd quy trinh téng hop mang
MD duwoc trinh bay trong Hinh 1.

sl TVDF Dung dich polymer
<& 5.0 Lép PET hd tro
nwp tml TR N
Khudy Siéu am Trang méng@
Mang MD dé kho & ~__ Isoamyl alcohol/H,0 |
nhiét o phong i . Mang MD
i L
‘\_\/ ‘ “‘[e?/] '.3 « \Q‘;\\\/.
Dung mdi Két tiia cla |
khuéch tan olymer
H,0+ :
Isoamy alcohol
PVDF + v
NMP HZO i %
Isoamy alcohol
\_.!_aj n Y o2
Ngam ket tda Tach pha Mang ket ran

Hinh 1. So d6 quy trinh téng hop mang MD
2.3. Phén tich dic tinh ciia mang MD tong hop

Do rong cliia mang MD dugc danh gia theo
phuong phap trong lugng bang cach do lugng chét
long git lai trong cac 16 mang. Kich thudc 16 duoc
ude tinh bang phwong phap diém bot va phan bd
kich thuéc 16 duge xac dinh cling véi cac phép do
d6 tham khi, ca hai déu dua trén phuong phap diém
bot va phuong trinh Laplace. Goc tiép xuc cuia cac
mang MD dugc do béng thiét bi CAM 100 (Opto-
Mechatronics P Ltd., An D6). Hinh thai va sy bam
ban ctia mang dugc phan tich bang kinh hién vi dién
tr quét va phd tia X tan xa nang lugng (Scanning
Electron Microscopy - Energy-dispersive Xray
spectroscopy (SEM-EDX)) voi hé théng Philips
XL30.

2.3. Thiét ké thi nghiém cho mé hinh chung

cAt mang tiép xuc true tiép

Hinh 2 trinh bay so d6 ciia hé théng chung cét
mang tiép xuc truc tiép (Direct Contact Membrane
Distillation-DCMD) ding dé xur 1y nude thai dét
nhudém va thu hdi thuéc nhuém. Mé-dun DCMD
dugc thiét ké tir vat liéu acrylic, gdm hai khoang
rong d6i xtmg co kich thude 4,5 x 9,2 x 0,2 cm (réng
x dai x cao). Mang MD dugc st dung trong nghién
ctru 1a mang phang, c6 dién tich hiéu dung 1a 41 cm?,
dugc lap dat ¢b dinh ¢ giita hai khoang dé tao ving
tiép xtic cho dong cép va dong tham. Dé dam bao do
kin va ngin ngira ro ri trong sudt qué trinh van hanh,
hai roan cao su chiu nhiét dwoc lip chit & mép trong
ctia mo-dun, giita cic tim acrylic va mép mang. Hai
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méay bom HF-8936 (Pai Loan) tuan hoan dong nudc
chung cat va dong nudc thai dét nhuém qua céc
kénh tuong tmg, trong khi hai bé nugc (D-606, Deng
Yng, Dai Loan) duy tri nhiét d6 lanh cta bé chung
cit va nhiét nong trong bé chira nudc thai dét
nhudém. Nuéc thai dét nhudém chtra trong bé c6 thé
tich 1500 mL va nuéc tinh khiét (1500 mL) dugc
bom tudn hoan lién tyc véi luu lugng 1.800 mL/phut
qua céc kénh tuong mg va quay lai cac bé chira.
Dong hoi nude tham dugc ngung tu tai bé lanh duoc
thu qua 6ng chay tran vao ong dong thé tich nude
thim dé tinh thong lugng dong nudc thim. Sau khi
xtr Iy ctia hé théng MD, nuéc duoc lay ra theo dinh
ky thoi gian dé do d6 mau va d6 dan dién nham danh
gia hiéu qua xir Iy. Cac thong s6 chinh van hanh cho
hé DCMD dugc thé hién & Béang 2.

Bing 2. Théng s6 van hanh cho h¢ DCMD

Théng sb Don vi Gia tri
Nhiét (’i(_) dong oC 70
nong
Nhiét d6 dong oC 20
lanh
Thoi gian chay
thi nghiém h 16
Luu luong bom
cta dong nong mL/phut 1.800
va lanh
Dong ¢ ddc dp mau dwoge tii sir dung cho mé nhugm vii tiép theo
Mo dun DCMD

o
Bé lanh
(20 °C)

Nuéce sach
cho tai st
dung

thubc nhugm vai ((1‘4 (]
(Bio Loc, Lam t)ong}

Hinh 2. H¢ th(‘)l}g DCMD quy mo phong thi
nghiém dung dé xir Iy nwéc thai dét nhudém
Théng luong dong nude thdm (Jy) dugc tinh
toan dua trén su thay doi thé tich cia nude tham qua
mang MD theo cong thic sau:

]W= av

A.At

M

Trong do, AV la su thay ddi thé tich nude thAm
(L), At l1a thoi gian (gio) va A 1a dién tich mang hi¢u
qua (m?).

Hiéu qua loai bé d6 mau va d6 dan dién (R) duoc
tinh theo cong thirc:
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R= (1 - C—P)x 100%  (2)
r
Trong d6, C , va Cr lan lugt 1a d6 mau hodc do
dan dién (EC) trong dong nudc thim va dong nude
thai dau vao. Hiéu ung pha lodng dugc tinh khi x4c
dinh d6 mau va d6 dan dién trong dong nudc thdm
theo cong thuc:

3

c _Cimq —Comg
p= mq—-my
Trong d6, mo va my lan luot 13 khoi lugng nude
ban dau va cudi cung cua dong nudc tham qua mang
MD, Cy va C; la d0 mau hodc d6 dan dién ban dau
va cudi cung.
Ti 1€ phuc héi nuéce (r) & hé thong DCMD duogc
tinh theo cong thirc sau:

_ Vpermeate

x100% @)

ered
Trong d6:V pemeate 12 thé tich nudce sach thu dwoc
qua mang MD va Vieq 12 thé tich nudc thai dét
nhudm ban dau cap vao h¢ thong DCMD.

D6 mau cia nude thai ddu vao va dong thim
dugc phén tich bang may quang pho UV-Vis. D6
hap tl}u cua do méu~duqc do & budce song 455 nm.
Df’ dan dién cua mau nudc dugc do bang may do
dan dién cam tay.

3. KET QUA VA THAO LUAN

3.1. Anh huéng cia ti 1&¢ thé tich

H:0/Isoamyl alcohol trong dung moi
ddo pha deén hiéu qua cia mang MD

Trong qué trinh téng hop mang MD bang ky
thuat dao pha, viéc xac dinh didu kién ngdm t6i wu
trong bé chira dung méi dao pha la rat quan trong dé
dat dugc thong luong tham cao va duy tri hi¢u sut
xt Iy on dinh. Diéu nay duoc Iy giai Ia vi diéu kién
ngam mang MD anh huéng truc tiép dén sy chuyen
d6i ctia dung dich polymer tir pha long sang pha ran,
tao thanh cdu truc mang xop. Két qua nghién ctru
dugc trinh bay & Hinh 3 va Bang 3 chi ra rang, mang
A2 dat duoc thong lugng dong tham cao hon (J,,Tne
binh — 18,05 L/m? h) so véi mang A3 (], mune binh =
14,93 L/rn2 h). Nguyén nhan c6 thé 1a do anh huong
ctia d6 rong va kich thude 16 mang MD duogc tao ra
khi ngdm mang trong bé chira cac dung méi dao pha
o cac ti 1€ khac nhau gitra H,O/Isoamyl alcohol.
Béng 3 chi ra rang, ¢ ty 1& thé tich 50:50, mang A2
c6 do rong 16n hon (78,1+ 1,3%) va kich thuée 16
16n hon (0,314+0,09 um) so véi ty 1€ 90:10 cua mang
A3, noi mang c6 d6 rSng nhd hon (75,2 £ 0,8%) va
kich thuéc 16 nho hon (0,28 + 0,05um).
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Su gia tang do x0p (¢) va kich thugce 16 mang (d)
nay c6 moi tuong quan truc tiép voi thong lugng
nudc cao hon (Jw), nhu duge mo ta béi phuong trinh
sau:

5 Ca) 2 (P = )

3RT1:8 ™

)

Theo d6: R 1a héng $6 khi, T 1a nhiét 4o dau vao,
7 1a d¢ ngoan ngoéo cua 15 va § 1a d day clia mang.
M biéu thi khéi lugng phan tir cua nudc, trong khi
pp va pm lan luot 14 4p suit & phia thAm va phia dong
cap vao. Phuong trinh (5) cho thiy, khi € va d cia
mang MD ting dan dén Jw ting theo.Tuy nhién, viéc
xdy dyng mo hinh hdi quy tir dit lidu thyc t& duoc
tién hanh dé dénh gia dong gop cia timg tham s va
hd tro dy doan, t6i wu thiét ké mang MD 14 can thiét
trong nghién ctru tiép theo. Ban dau, mang A1l cho
thong lugng nudc thim cao hon (J,*° P = 19,66
L/m? h) so véi mang A2 (J,,*° P = 18,92 L/m? h).
Tuy nhién, trong qua trinh van hanh tir 30 dén 150
phut, thong lugng cua mang Al giam manh hon (tir
19,66 xudng con 16,66 L/m? h), trong khi mang A2
chi giam nhe (tir 18,92 xudng 17,42 L/m? h). Do do,
thong luong thdm trung binh ctia mang A2 cao hon
va 6n dinh hon so v6i mang Al trong subt thoi gian
vén hanh. Khi ty 1¢ thé tich Isoamyl alcohol trong bé
chira dung mdi dao pha tan tang 1én, ca do rong va
goc tiép xuc cua mang MD déu ting (Bang 3). Cu
the goc tiép xtic cao nhat cia mang Al 1a 139,1°
tiép theo 1a 135,6° ddi véi mang A2 va 112,4° @di
v6i mang A3. D6 rdng cao nhat cia mang MD dugc
quan sat thiy & ti 1& thé tich cia HO:Isoamyl
alcohol = 10:90 (80,3 £ 1,4%). Hién tugng nay cé
thé giai thich boi sy c6 mit nhiéu cua Isoamyl
alcohol trong bé chira dung méi déo pha, da lam
cham qua trinh két tia mang MD vi so véi nudc thi
isoamyl alcohol it hoa tan trong NMP dan dén do
rong cao hon clia mang. Ngoai ra, trong qué trinh
dao pha, viéc tang ty 1¢ isoamyl alcohol c6 thé lam
thay d6i qua trinh két tinh va sip xép lai cac chudi
polymer, dan dén sy hinh thanh cdu tric 15 rdng
dang sponge va bé mit mang tré nén thdé nham hon
(Hinh 4a, Hinh 4b va Hinh 4c¢). Nhitng quan sat thyc
nghiém trong nghién ctru nay cho thiy ¢ ham luong
isoamyl alcohol cao, bé mat mang di du tho va xop
dé duy tri trang thai thdm wdt kiéu Cassie—Baxter,
thé hién qua goc tiép xiic nudc rt 1on (Bang 3).
Trang thai Cassie-Baxter nay dic biét co6 lgi cho
mang MD, vi mang gan nhu khong bi uét boi dung
dich nguon ngan ngura sy xam nhép cua nudce 1ong
vao cac 16 x6p va do do tang kha ning chng tham
wot. That vay, Rauter et al. (2021) di chi ra rang
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mang rat ky nudc (goc tiép xac ~125°) c6 xu hudéng
duy tri trang thai Cassie-Baxter véi khong khi nim
trong cac 16 rong. Nguoc lai, sy hién dién ciia nuéc
trong dung moi déo pha 1am ting tdc qua trinh két
taa, dan dén d6 rong ciia mang MD thip hon.
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Hinh 3. Sy thay ddi thong lwgng dong nuwéc
tham khi str dung cac ty 1€ the tich khac nhau
giira H2O: Isoamyl alcohol trong qua trinh dio
pha
Diéu kién thi nghjém.' nhiét do dau vao cia nude no'n’g =
60°C, nhiét dé dau vao cua dong lam mat = 20°C, toc do

dong chay ngang 28 cm/s.

D6 réng: 75.2+0,8%

Do rong: 781+ 1.3% Do rong: BOI+1.4%
== - .

Cau truc 16 x6p
B dang sponge

Hinh 4. (a), (b) va (c) 1an lwot 1 hinh 4nh SEM
mat ciat ngang cia mang A3, A2 va Al

Hon nira, hi¢u qua loai bo d mau va do dan dién
clia tit ca cac mang MD déu cao (> 99%) trong sudt
150 phtt van hanh. Mang A3 dat hi€u qua loai bd
mau cao nhét (99,78%), tiép theo 1a mang A2, va
mang Al (99,42%). Nguyén nhan chinh cta xu
huéng nay 1a do kich thuéc 16 mang nhoé hon, dan
dén hiéu qua loai bé mau cao hon (Bang 3). Do do,
diéu kién t6i wu dé ché tao mang MD 1 ngdm mang
trong bé chira dung méi dao pha véi ty 18 thé tich
H20: Isoamyl alcohol = 50:50, tao ra mang MD c6
hiéu suét cao v&i hidu qua loai bé mau dat 99,69%,
ddng thoi duy tri thong lwong nudc thdm 6n dinh
trong qua trinh van hanh (Jw dao dong tir 18,92 dén
17,42 L/m2.h). Két qua nay cho thdy viéc sir dung
isoamyl alcohol trong dung dich dao pha giup duy
tri thong lugng 6n dinh hon so véi ethanol, trong d6
Jw giam manh tir 29,12 xudng con 5,01 L/m? h
(Nguyen et al., 2025).
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Bang 3. So sanh hiéu qua xir ly va tinh chit mang MD é cac diéu kién téng hop khac nhau

Thanhphan b 0 Géctiép  Kich thuoc1d Do ring mang Higu qua logi  1H¢Y dud

trong dung mdi  \p®hi o) mang (um) MD, %  bé dd mau (%) \0% b0 dd
dao pha ’ : din dién (%)

Ty 1& thé tich cua

H,0: Isoamyl Al 139,1 0,38+0,07 80,3+1,4% 99,42 99,49
alcohol = 10:90
Ty 16 thé tich cua

H,0: Isoamyl A2 135,6 0,31+0,09 78,1+1,3% 99,69 99,58

alcohol 50:50
Ty 16 thé tich cua

H,0: Isoamyl A3 112,4 0,28+0,05 75,240,8% 99,78 99,64

alcohol =90:10

3.2. Anh huwéng ciia nhiét dd téi hiéu qua xir
ly ciia mang MD

Anh hudng cua su chénh I¢ch nhiét 46 gitra dong
noéng cua nudc thai dét nhuom va dong nudc lam
lanh d6i v6i théng lugng dong tham ciia mang MD
dugc danh gi4 bang cach st dung mang MD dugc
ngam trong bé chtra dung moi dao pha vdi ti 1¢ thé
tich H,O:Isoamyl alcohol = 50:50. Hinh 5 thé hién
sy anh huong cua nhiét do dén thong lwong dong
thdm va kha nang loai bo ¢ mau trong nudc thai dét
nhudm. Két qua nghién ciru chi ra rang théng luong
nude tang 1én khi su chénh 1&ch nhiét d6 gitra hai
bén mang MD tang (Hinh 5a).Thong luong dong
nude thAm cao nhét 1a 30,05 L/m? h dat duoc & ATs
= of 55°C, tiép theo 1a AT4= 50°C (26,11 L/m>h),
AT; = 45°C (22,42 L/m? h), AT, = 40°C (18,04
L/m?h) va AT, = 35°C (6,91 L/m?h). Ly do chinh
cho su gia ting thong lugng dong nudc tham 1a do
su chénh 1éch nhiét 46 gitta dong nong tir nudc thai
cép vao va dong nude lanh lam tang luc day cua ap
suat hoi qua mang MD, nhu duoc md ta trong
phuong trinh sau (Tijing et al., 2015):

L=

B‘m (pmf - pmp)

3. 841)
T—-45

(%)
p= (23328~ (6)

Trong do6 Jw dai dién cho dong nude thim, By, 14
hé s6 truyén khdi lugng tong the, pmr va Pmp 12 dp
suét hoi riéng phan & hai mat cua mang, lan luot 1a
phia dong nu6e nong cép vao va phia dong thim
thau, T 1a nhiét ¢ Kelvin. V& 1y thuyét, khi pn ting
theo nhiét d9, sy chénh léch 4p suat hoi (pms — Pmp)
cling tang, tir d6 lam tang luc day va nang cao thong
lwong dong nudc thim qua mang MD. Tuy nhién,
nhiét d6 qua cao c6 thé tac dong tiéu cuc dén sy 6n
dinh ciia mang. O ATs = 55°C, tuong tng voi nhiét
d6 ngudn cép nong 1a 75°C, cd thé xay ra hién tuong
gidn né mang, lam giam ap suat dong nap li¢u (LEP)
va ting nguy co uét 16 mang. Két qua cac nghién
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ctru trude day cta Tan et al. (2016) da chi ra ring
hién tuong udt 16 mang xdy ra khi nhiét 46 vuot qua

70°C. Pé can bang gitra thong luong dong nudce
thim cao va sy 6n dinh cta mang, ddng thoi giam
thiéu nguy co udt mang, AT, = 50°C, tuong tng voi
nhiét do ngudn cap nong 1a 70°C, duoc chon la nhiét
d6 ti wru cho hé théng DCMD nay. Két qua tir Hinh
5a cho théy hiéu suét loai bé d6 mau cta tit ca cac
nhiét d6 trong hé théng DCMD gan nhu dat 100%,
v6i chét luong nude cao (d6 mau trong dong nude
thim < 7 PtCo). Piéu nay 1a do co ché van chuyén
hoi chon loc cua qua trinh DCMD, trong d6 mang
ky nudce chi cho phép hoi nudce di qua trong khi gilt
lai cac tap chit va chat mau khong bay hoi trong
dong nudc thai dua vao.

So v6i mang PTFE-MD thuong mai, mang MD
tu tong hop trong nghién ctru nay cho thong luong
dong nude thdm cao hon & tt ca cac nhi¢t 46 (Hinh
5b). Diéu nay c6 the giai thich béi do réng cao hon
cua mang MD tu tong hop so véi mang PTFE MD
thuong mai. Cy thé, tai cac murc chénh 1éch nhiét do
(AT), thong lugng dong nude thdm qua mang MD
tu téng hop Iudn vuot troi hon: tai AT, (35°C) la
6,91 L/m’h so v6i 4,57 L/m>h ciia mang PTFE MD,
tai AT (40°C) 13 18,04 L/m>h so véi 13,54 L/m?h,
tai AT (45°C) 12 22,42 L/m*h so v6i 16,92 L/m?h,
tai AT4 (50°C) 12 26,11 L/m?h so v&i 19,23 L/m? h,
va tai ATs (55°C) 12 30,05 L/m? h so véi 22,85 L/m?
h. Két qua cho thdy mang MD ty tdng hop trong
nghién ctru nay c6 kha ning dat hiéu xut xur Iy do
mau cao va duy tri dugc thong lugng dong nude
thAm 6n dinh, ddc biét & cac nhiét d6 cao, nhd vao
chu trac va do rong ti uu.



Tap chi Khoa hoc Dai hoc Can Tho

I(lf)

e
<
S

Mang MD téng hop
(a)

(=]

(=]
o
o2

S wn
=
=3

4 Théng lugng thim, L/m?h 96

Hiéu qua loai bo d6 miu,%

(=1

- Théng lugng thim, L/m*h 96

®-Hi¢u qua loai bo do mau,%

w

5
- Hiéu qua loai bo dé mau,%
0 95
35°C  40°C  45°C  50°C 55°C  ATe°C

35 . B Spp— P S - 1:1()5
30 . 99 2
25 Mang MD thwong mai =
20 (b) 98 2
& =
13 97 &
P

Théng lugng dong thAm,L/m? h Théng lwgng dong thim, L/m* h
ﬁ

350C  40°C  45°C  50°C  55°C  ATeC

Hinh 5 . Thay déi thong lwgng dong nuée thAm
va hiéu qua loai bé d¢ mau véi nhiét do trong
qua trinh thuc hién ciia mang MD

Diéu kién van hanh: nwéc thai dét nhugm thuc té duoc sir
dung lam dong cap vao; vin toc dong chay ngang trong
moé hinh: 28 cm/s; thoi gian vdan hanh: 12h; chénh léch
nhiét do: AT; = Tyeng 55 °C = Tinn 20 °C; AT> = Ty 60 °C
Thann 20 °C; AT3 = Tyong 65 °C = Tyau 20 °C; ATy = Tpng 70 °C ~
Tiann 20 °C; AT's = Tusng 75 °C = Tpann 20 °CJ.

3.3. Khi niing ¢ dic dp mau va thu hdi nwéc
sach tr nwéc thai dét nhu¢m cia mod
hinh DCMD

Trong nghién ctru nay, mang MD t6ng hop trong
diéu kién thyc hién qué trinh dao pha trong bé chira
dung moi ddo pha véi ti 1¢ thé tich H.O:Isoamyl
alcohol =50:50 duoc sir dung dé danh gia kha ning
xu Iy nude thai dét nhuém va thu hdi nuée sach cho
tai st dung. Thi nghiém dugc thuc hién véi nhiét 46
dong néng clia nudc thai dét nhudm dau vao 1a 70°C
va dong nudc lanh 1a 20°C trong sudt 16 gio. Thong
luong dong nuéc thim ciia hé théng DCMD giam
dang ké tir 26,11 L/m?h tai thoi diém 1 gio xubng
con 14,15 L/m? h sau 16 gio, twong ung véi mirc
giam 45,8% (Hinh 6). Sy giam nay chi yéu do suy
giam sy chénh 1éch ap suit hoi qua mang, do d6 mau
ctia dong nudc thai dét nhudm cap vao tang tir 1651
PtCo 1én 3862 PtCo (Hinh 7). Su gia taing 46 mau
trong nudc thai ddu vao phan anh nong do thudc
nhudm trong dung dich tang lén, lam tang d6 nhdt
ctia dung dich va giam gradient ap suat hoi, yéu t&
chinh thiic day qué trinh chung cit mang.
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Hinh 6. Thay dbi thong lugng thAm, hiéu qua xir
ly do mau va do dan dién ciia dong nudec sau xir
ly véi thoi gian van hanh

Ngoai ra, bdn mang ciing 1a mot yéu t6 quan
trong gop phan vao sy giam thong luong nude thim
theo thoi gian. Két qua phan tich hinh anh SEM cho
thdy su hinh thanh mot 16p ban trén bé mat mang
MD sau khi xir Iy so véi mang MD ban dau (Hinh
8a va Hinh 8b). Két qua quan sat hinh anh EDX cho
thdy c6 sy xuat hién cua cac peak méi nhu Cl, Na,
Mg va S ¢ mang MD sau khi xtr Iy v&i nudce thai dét
nhudm (Hinh 8d). Diéu nay co thé 1a do nude thai
dét nhudm chira cac hop chét hiru co va chét ran lo
limg, ¢6 thé bam trén bé mat mang hodc trong cac 13
rdng, 1am giam dién tich bé mét hiéu qua cho qua
trinh van chuyén hoi nuéc. Ket qua ndy phu hop voi
cac nghién ctru truge day vé chung cit mang tiép
xuc tryc tiép trong xur 1y nuéc thai dét nhudm
(Criscuoli et al., 2008; Ramlow et al., 2017; Yang
et al., 2021; Fortunato et al., 2021; Rodrigues et al.,
2025). Hinh 6 ciing chi ra rang 6 dan dién cua dong
nude thim ting dan tir 7,94 pS/cm tai thoi diém 1
gio 1én 19,23 pS/cm sau 16 gio. Nguyén nhén cua
su gia ting d6 dan dién cia dong nude tham 1a do
hién tuong w6t mang MD. Sau 16h van hanh, goc
tlep xuc ciia mang MD giam tir 135° xudng 118° din
dén céc ion chtra trong nudc thai dét nhuém (Na'*,
CI,, SO4%) ¢6 thé di qua mang cung véi hoi nudc,
lam ting EC ctia dong nuéc thdm. Tuy nhién, véi
EC van du6i 20 pS/cm, chat lugng dong nuéce thim
clia mang MD ¢6 tiém nang tai sir dung nudc trong
nganh san xuat dét nhudom.

Bén canh do, qua trinh MD duy tri hi€u qua loai
bo d6 mau vugt qua 99% trong sudt 16 gi0 van hanh
(Hinh 6). Két qua nay cho thiy cong nghé mang MD
trong nghién curu hién tai c6 hiéu suét xir Iy @6 mau
cao hon so véi hé thdng két hop ozon va phan tmg
sinh hoc mang dong ky khi (O:-DAMBR) dugc
Berkessa et al. (2020) ap dung dé xtr Iy nudc thai dét
nhudm, v6i hiéu suat loai bo do mau dat 97%. Tuy
nhién, hiéu qua nay giam nhe tir 99,80% xudng
99,15% sau 16 gio. Su suy giam nhé nay c6 thé 1a
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do mang bi ban lam giam ép~suét gianhép chit long
cua mang MD, di€u nay dan dén mét luong nho
dung dich chira thudc nhudm di qua cac 10 rong theo

thoi gian.
4500 70
D4 miu eta done b dic. PtC
4000 #-P)¢ mau cia dong ¢b dac, PiCo . "
] P——— A 0 L e
Z 3500 4-Ti 1¢ phuc héi nude,% N 7:’_)" c::*
é 3000 & “* D6 mau ciia nude 303
© thai ban dau 2
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Hinh 7. Thay d6i d9 mau ciia dong cd dic va ti
1€ phuc hoi nwée sach véi thoi gian van hanh

Mang MD ban diu

Mang MD sau xit ly

Hinh 8. So sanh mirc dd bin mang MD

Ghi chii: (a) va (b) hinh anh SEM bé mdt mang MD lin
lweot ciia mang MD ban dau va mang MD dé qua sit dung,
(¢) va (d) hinh dnh EDX lan lot ciia mang MD ban dau
va mang MD da qua svr dung.
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