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ABSTRACT

Direct contact membrane distillation (DCMD) is a simple configuration
that is commonly used in membrane distillation. This study is aimed to
develop a DCMD technology for treating saline water with the use of a
submerged tubular polytetrafluoroethylene membrane module. The
change of feed temperature was operated to investigate its effect on
permeate flux as well as distilled water quality. Feed temperatures varied
from 40 to 60°C with the fixed operating parameters (cooling temperature
of 22 £ 1°C, membrane pore size of 0.45 um, total dissolved solids of feed
water of 5,000 mg/L). The results showed that the permeate flux increased
with an increase in feed temperature, but membrane layer (top layer) was
swolen when the feed temperature was rising high. In this study, the feed
temperature of 60°C was observed to be the optimum feed temperature
with a permeate flux of 4.47 L/m?h. It indicates that the proposed DCMD
system could treat saline water effectively with the salt removal of greater
than 99.45%.

TOM TAT

Chung cat mang tzep xiic tryee tiép (DCMD) trong nghién ciu nay la mot
cau hinh don gian c6 thé dwoc phat trién va su dung pho bién trong cong
ngh¢é chung cat mang. Nghién ciu nay da phat trién va thir nghiém cong
nghé DCMD dé xir Iy nude nhiém mdn véi viée sir dung mang
Polytetrafluoroethylene. Pong thoi, sw thay déi ciia nhiét do dau vao ciing
dige khdo sat nham danh gia anh huong cua nhiét do dén thong lwong
dong tham ciing nhir chdt lwong nuoc cat. Nhiét do dau vao dwoc thay doi
tir 40 dén 60°C véi cac thong so c6 dinh bao gom nhiét do lam mat ¢ 22 +
1°C, kich thude 16 rong mang 0,45 um, va nong dg tong chat rdn hoa tan
dau vao khodng 5.000 mg/L. Két qua khdo sat cho thdy théng lwong dong
tham tang Ién cing véi si tang lén cia nhiét do nwée dau vdo, tuy nhién
khi nhiét @6 qud cao, mang dé bi suy giam cdu tric (bi phd huy) va anh
huong dén chat lwong nwée cat dong ra. Trong nghién ciru nay, nhiét do
nude dau vao 60°C cho hiéu qua chwng cdat cao véi théng lwong dong
tham dat dwoc 4,47 L/m*h. Hé thong DCMD thir nghiém ndy c6 kha ning
xu Iy nuoc nhiém man dat hiéu sudt xir ly mudi cao, trén 99,45%.

Trich dan: Ngo Thi Tra My, Nguyen Cong Nguyén, Nguyen Thi Hau va Bui Xuan Thanh, 2018. Phét trién
cong nghé chung cit mang tlep xuc truc tiép dang nhung chim dé xir Iy nude nhiém mén. Tap chi
Khoa hoc Truong Pai hoc Can Tho. 54(7A): 66-71.
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1 GIOI THIEU

Nhu ciu sir dung nudc ngay cang ting va dwa
ra nhiu thach thirc 16n trong nhimg thap ky toi
(Pugsley et al., 2016). Hon nira, sy bién ddi khi
hau dang dién bién ngay cang phuc tap, déc biét
hién twong myc nude bién ding cao dd anh hudng
dén sy xam nhdp man vao ndi dia va lam giam
luong nude ngot. Vi vay, dé dap Gmg nhu cau nude
ngot, cic nha méay khir man xuat hién ngay cing
nhiéu. Vao nam 2014, c6 khoang 19.000 nha may
khir man véi tong cong suat gén 60 triéu m’/ngay
da duoc lip dat trén toan thé gioi (Gorjian and
Ghobadian, 2015). M6t s vi du dién hinh nhu nha
méay khir man tmg dung cong nghé chung cit da
hiéu tng (MED) - JWAP do SIDEM cua Phap xay
v6i cong suat 800.000 m3/ngay st dung 27 don vi
MED; nha may khir min bing coéng nghé RO -
Sorek, Israel 624.000 m*/ngdy sir dung cidc mang
16 inch; mét s6 don vi ED duoc lip dit tai Texas. ..
Trong s6 cac cong nghé khir man do, cong nghé
chung cat va cong nghé mang chiém phan 16n
trong cac nha may khir man trén thé gi6i, nhung
van ton tai mot sé han ché nhu tiéu thy ning luong
l6n va chi phi xay dung, vén hanh cao, khong xur ly
dugc nudc mudi ¢ déc co do mdn cao. De khéc
phuc nhiing van dé trén, cong nghé chung cit mang
(MD) ra doi va dugc sir dung dé khtr man véi n6ng
d6 cao (Khalifa et al., 2017). So véi cac cong nghé
khac, MD ngay cang hdp dan vi it chiém dién tich,
gi4 thanh thip, xdy dung d& dang, tiéu thy ning
luong thap va c6 kha ning loai bo gan nhu 100%
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céc ion va chét hiru co khong bay hoi (Duong va
ctv., 2015).

MD la mot su két hop ctia cong nghé chung cat
va cong nghé¢ mang (Tijing et al., 2015). Nguyén
tac hoat dong ciia MD 1a qua trinh van chuyén hoi
nude bang nhiét qua mang ky nudc (Eykens et al.,
2017). Chung cat mang tiép xuc truc tiép (DCMD)
1a mot trong nhitng cdu hinh don gian nhat ctia MD
va van hanh dé dang, khong doi hoi mot binh
ngung bén ngoai (Khayet, 2011). Trong hé thng
DCMD, ca dong vao va dong thim déu tiép xtic
truc tiép v6oi mang, sy chénh 1éch nhiét d¢ gitra hai
bé mit mang tao ra su chénh léch vé ap suét hoi
qua mang, 1am cho hoi nu6c phia dong nong thim
qua céc 16 mang va ngung tu & dong lanh (Khalifa
et al., 2017). Muyc tiéu cua nghién cru nay nhim
nghién ctru va phat trién cong nghé DCMD trong
xtr 1y nuée nhiém min, dong thoi khao sat anh
huéng cta nhiét do dén thong lugng va kha ning
xtr 1y cta hé théng sir dung mang ky nudc dugc
lam tr vat liéu Polytetrafluoroethylene (PTFE).
Nhiét d6 dong vao dugce thay dbi va ting dan tir 40,
50, 60°C. Thong luong dong thAm va ham luong
ndng do tong chat ran hoa tan (TDS) dau ra dugc
do lién tuc trong sudt qua trinh nghién ciru.

2 VAT LIEU VA PHUONG PHAP

2.1 Vitliéu

Mang MD dang 6ng nhing chim st dung trong
ngl}ién ctru nay duoc lam bang vét 1iéu PTFE co
xuat xir tir Pai Loan véi cac thong s6 duge dua ra
trong Bang 1.

Bang 1: Cac thong s6 vé mang PTFE MD (Céong ty Sing tao Ray-E, Dai Loan)

STT  Théng sb Pon vi tinh Gia tri
1 Kich thuéc 16 rong mang pm 0,45
2 Goc tiép xuc 0 125+ 4
3 Chiéu day 16p mang hoat tinh mm 0,2
4 Do rong % 80
5 Vit liéu mang - PTFE
6 Vit liéu dém - PET
7 Dién tich hiéu dung m? 0,02
8 Kich thuéc mang L x W mm 252x90
9 Nhiét d6 van hanh cua mang °C 120

Nude dau vao trong nghién ctu la nude ngam
duoc lay ¢ huyén Ba Tri, tinh Bén Tre voi nong do
TDS la 5.000 mg/L. Tinh chat cua nu6e dau vao
duoc the hién & Bang 2.

Bing 2: Cac thong so6 nuéc diu vao

STT Théng sb Pon vi tinh Gia tri
1 pH - 7,6 £ 0,4
2 TDS mg/L 5000 + 300
3 Do min g/L 4,8+ 0,8
4  Chloride mg/L 2800 =+ 360
5 Sulfate mg/L 1427 + 26,0
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Nuée cat mot lan duoc sir dung dé lam mat va
duoc tuan hoan lién tuc nham ngung ty hoi nude
qua mang.

2.2 M0 hinh va phwong phap nghién ciru

Hé théng gdm 2 phan chinh nhu Hinh 1: phan
bé déu vao va phan bé mat. Phan bé dau vao voi
thé tich nuéc 15 mL ding dé chira nudc nhidm
man gém mot hé théng mang PTFE, thiét bi gia
nhiét va sensor nhiét dé diéu chinh nhiét d6 dau
vao nhu thiét ké. Tinh chéat ky nudc cia mang chi
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cho phép hoi nude di qua 16 mang nho sirc cing bé
mat (Khayet, 2011). Khi nu6c trong bé dau vao
néng 1én nho thiét bi gia nhiét, nudc bdc hoi va hoi
nudc di qua mang, sau d6 ngung tu tai phia mat
trong cia mang nho dong nudc mat dugc tudn
hoan lién tuc. Phan bé mat véi thé tich 3,5 mL, bao
gdm cac bo phan: may lam mat, bé lam mat va bé
chira nudc cit. May lam mat c6 tac dung diéu

NUGC PAU VAD

™ B6 diéu chinh nhiét

P
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chinh nhiét d6 nuéc trong bé lam mat va bé lam
mét voi nhiét 6 thdp va on dinh nay s& lam giam
nhiét d6 dong nude cit xudng, tao diéu kién ngung
tu hoi nudc qua mang. Qua trinh nay lam ting
luong nude trong bé chira nude cit, khi vuot qua
myc nudc quy dinh, nude s€ tu dong chay vao 6ng
dong, tur d6 viée kiém tra thong luong va chét
lugng nude cit duge thuc hién.
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Hinh 1: So d6 hé théng DCMD trong qua trinh xir Iy nuéc nhiém min

Céc thi nghiém duoc khao sat & sy thay ddi cua
nhiét d6 du vao (40, 50 va 60°C). Sau 9 ngay dau
v6i nhiét do 40°C, h¢ thong dugc tiép tuc van hanh
v6i nhiét do 50°C trong vong 8 ngay, va sau do
chuyén qua vén hanh v6i nhiét d6 60°C trong vong
9 ngay tiép theo. Chi nhiét d6 nude vao thay doi va
cac thong sb khac khong doi. Bong thoi, khao sat
anh huorng ctia d6 man ciing duoc tién hanh véi cac
ngudn nudc nhiém min dugc thu thap véi cac do
min khac nhau 1a 5, 15 va 23 ppt. Mdi thi nghiém
véi @6 mén dugce thyc hién trong 10 ngay.

Nhiét d6 bé mat dugc duy tri trong khoang 21 -
23°C. Mo hinh hoat dong lién tuc, nhiét do trong
bé dau vao va bé chira nudc cat ludn duge kiém
soat trong qué trinh kiém tra thong lugng.
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Ham luong TDS ciia miu nuéc dau vao va
nudce cat duge do lién tuc bang cach sir dung thiet
bi do HI 9812-5 (Cong ty Hanna instruments, Chau
Au).

_ Hiéu qua xur ly coa hé théng duoc tinh toan
bang cong thic dudi day:
H— TDS,s —

TDS,s0

3 KET QUA VA THAO LUAN

3.1 Suéinh huéng caa nhiét do diu vao dén
chat lwgng nwéc cat

2% 100%

Trong qué trinh hoat dong cia hé théng, viée
k}}éo sat ham lugng TDS dugc thyc hién lién tuc va
ket qua dugc dua ra dudi Hinh 2.
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Hinh 2: Anh hwéng ciia nhiét 49 diu vao dén nong do TDS

O giai doan nhiét d6 dau vao 40°C, ndng do
TDS déu vao khéng thay dbi nhiéu, ndm trong
khoang 4.700 — 4.900 mg/L, nguyén nhan do nhiét
d6 trong bé dau vao thip, nudc bde hoi qua mang
it, din dén nong do dau vao khong thay dbi nhiéu
qua cac ngay van hanh. Ddi voi dau ra, TDS dao
dong trong khoang 0 — 20 mg/L. Hi¢u qua xu ly dat
trén 99,59%. Tai nhiét d6 dau vao & 50°C, nong do
TDS trong bé dau vao ting dan qua cic ngiy, tir
5.040 - 5.520 mg/L. Piéu nay c6 thé giai thich do
nhiét d6 dau vao ting, nudc bdc hoi va di qua
mang, chit rdn hoa tan trong bé dau vao bi tich tu
qua cac ngdy. D6i v6i dau ra, TDS trong khoang
20 — 30 mg/L, hi¢u qua xur Iy dat trén 99,45%. Qua
dén 60°C, TDS trong bé mang tang kha nhanh, tir

5

5.740 — 8.260 mg/L. TDS dau ra dao dong trong
khoang tir 30 — 40 ppm, v6i hi¢u qua xur 1y dat trén
99,48%. Sy thay do6i ciia nhiét do dau vao tir 40 —
60°C cho thay hiéu qua xir Iy TDS cua hé thong rat
tot, dat trén 99,45%.

3.2 Swinh hwong ciia nhiét dd dau vao dén
thong lwgng thim

Nudc ngam nhiém man c¢6 TDS khoang 5.000
mg/L duoc sir dung dé 1am déu vao cho hé thong
DCMD. Két qua khao sat thong lwong cua hé thong
& cac nhiét d¢ 40, 50 va 60°C véi mang PTFE MD
¢6 kich thudc 16 réng 0,45 pm dwoc thé hién &
Hinh 3.

Thong lugng, L/m2.h
[\S} w BN

—_
1

Nhiét d6 dong vao (°C)
Hinh 3: Anh hwéng ciia nhiét d9 diu vao dén théng lwong dong thim

Qua trinh khao sat anh hudng cua nhiét do dau
vao dén thong lugng dong thim cho thy khi nhiét
d6 dong vao tiang s& lam ting chénh léch ap suit
hoi mang, do d6 dong thdm ting. Két qua twong tu
cling dugc quan sat thiy trong nhidu nghién ctru
(Li et al., 2014; Khalifa et al., 2017). Cu thé, &
nhié¢t 46 dong vao tai 40 va 50°C, sy chénh 1éch ap
suat hoi giita hai bé mit mang nho nén thong lugng
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dat dugc thap, twong ung 1,21 va 2,35 L/m*h. O
nhiét d6 dong vao 60°C, thong lwong thim twong
dbi cao (4,47 L/m?h) va 16n gip 3,7 lan so voi
thong lugng dat dugc ¢ 40°C. Tuy nhién, khi nhiét
d6 dau vao ting cao, mang c6 nguy co bi gidn na,
do d6 4ap suat hoi qua mang giam (Shirazi et al.,
2014), anh huéng dén chét lwong mang va hidu qua
xtr ly. Cu thé trong nghién ctru nay, khi hé thng
hoat dong ¢ nhiét do dau vao 70°C, mang bi gidn
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ng, anh huong dén chat luong nude dau ra. Do day
cuia mang la mot dac tinh quan trong khac cling c6
thé anh huong dén kha ning thdm thiu (Shirazi et
al., 2014) va mang trong nghién ciru nay kha
mong. Tuy nhién, khi nhiét d6 dau vao qua cao co
thé dan dén hién tuong ban mang, két tia mot sd
hop chét trén bé mit ctia nd, ¢6 thé lam hong mang
(Selvi et al., 2014).

Dua vao thong lugng dat dugc va phan tich vé
chat luong nuéc cat dau ra dat quy chudn chat
luong nude an udng QCVN 01:2009/BYT ddi voi
tong chat ran hoa tan, nhiét 46 dau vao & 60°C la
nhiét do t6i wu trong qua trinh DCMD dé xir ly
nuée nhiém min sir dung mang MD dugc lam tir
PTFE.
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3.3 Anh huéng ciia d) mdn dén hi¢u qua xir
ly ciia hé thong

bpé nghién ctru anh hudng ctia d§ man dén hiéu
quéa xur Iy cia hé théng, ba cip do cua do man di
dugc sir dung 1a 5, 15 va 23 ppt. Véi cung didu
kién nhiét d6 dau vao 60°C, mang c6 kich thudc
0.45 um, két qua khao sat cho thdy do man nudc
cit dau ra bang khong (0 ppt) du nuée dau vao co
d6 man ting tir 5 ppt dén 23 ppt (Hinh 4). Didu nay
chimg t6 rang hé thong DCMD c6 kha nang xir ly
dugc nude c6 do min cao. Két qua twong tu ciing
dugc quan sat thdy trong nghién cu cua Khalifa
(2017).
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Hinh 4: Anh hwéng ciia @ min vao dén chit lwong nwéc cét

3.4 Bin mang

Sau thoi gian hoat dong, 16p cin mau tring bt
dAu xuét hién, bam 1én bé mat mang. Chup bé mat
Scanning Electron Microscope (SEM) dugc tién
hanh va két qua duogc thé hién & Hinh 5.

Hinh anh SEM c6 thé thay rang 16p tinh thé day
va c6 do rong xuét hién khap bé mit mang. Lop
tinh thé nay khong lién két tao thanh mang 16n va
che khit toan bd 16 rdng trén bé mit mang ma néd
bét chéo nhau, tao thanh khoang tréng. Diéu nay
lam cho théng luong mang twong d6i on dinh va
khong bi giam boi 16p tinh thé tich tu trén mang.
Sau khi mang bi bam day boi 16p tinh thé mubi,
tién hanh rira bang nudc cit va dé kho ty nhién
trong hai ngay, mang sau do tiép tuc duoc sir dung
cho xir Iy nudc nhiém man.

= Signal A=inLens  Date :14 Nov 2017
EHT = 5.00 kv £0 Temp= 296°C Time :14:83:10 PAIRN
WD = 4.4 mm System Vacuum = 2.46e005mbar  ME NTUT

Mag= 1.00KX

Hinh 5: Hinh anh chyp SEM ciia bé mit mang sau
khi mang da sir dung dé xir Iy nwéc nhiém man
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4 KET LUAN

Mang MD dugc lam tir vat liéu PTFE voi kich
thudc 16 rong 0,45 pm da duogc s dung trong
nghién ctru phat trién cong nghé DCMD nham xir
ly nuéc nhiém min & Bén Tre. Déng thoi, viée
khéo sat vé& anh huong ctuia nhiét d6 nudc dau vao
dbi vai thong luong dong tham va chat luong nude
sau xu ly cling da dugc thyc hién. Qua trinh khao
sat cho thdy khi nhiét do dong vao ting tir 40 dén
60°C, thong luong dong tham ciing tang 1én. Tuy
nhién, nhiét d6 qua cao gy ra cic mdi nguy hai
dén mang, gay gidn mang. Vi vay, nhiét do dau vao
& 60°C 1a tét nhat trong nghién ctru nay khi sir
dung mang PTFE dé chung cit voi nhiét do dong
mat 1a 22 + 1°C, thong lugng thim dat 4,47 L/m’h.
Viéc phat trién hé théng DCMD di chimg minh
kha ning xtr Iy nwdc nhiém min véi hidu qua xir 1y
TDS lu6n dat trén 99,45%.

LOI CAM TA

Nghién ctru nay duoc tai trg boi CARE-Rescif
trong khuon kho d& tai mi s Tc-MTTN-
2018/Trudong - Care. Ngoai ra, tdc gia cam on sy
hd trg van hanh va phan tich ctia sinh vién Lé Thi
Huong va Liu Si Kin.
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