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SUMMARY

APPLIED VACUUM MEMBRANE DISTILLATION PROCESS TO OPTIMIZE
SEAWATER DESALINATION

Reverse Osmosis (RO) is an attractive solution for sea water desalination to supply drinking
water. Nonetheless, owing to some drawbacks of RO, such as limitation by the osmotic
pressure, large volume of brines and low recovery factor, coupling RO and VMD is becoming
an interesting solution to further concentrate RO brines and increase the global recovery of
the process. The idea of this study is then to study the feasibility of VMD for the treatment of

RO brines on long-term experiments. All the tests were carried out with a bench-scale VMD

pilot plant and simulations were performed to optimize the operating conditions.
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1. MO PAU

Cac két qua diéu tra cho thy, 96,5% luong
nude trén trai dat hién nay duoc tim thiy
trong cac dai duong va chi co6 2,5% cua
téng s6 nudc nay 1a nude ngot (hinh 1), hiu
hét luong nudc ngot ndy nim & trong bing
& hai dia cuc va trong long dit. Chi co
1,3% nudc ngot 1a tu ngu(“)n nudc mat. Do
d6, khir mudi nude bién dé cung cip nudce
udng 14 yéu cau cip thiét dbi véi nhidu
quéc gia. Trong ndm 2010, c6 hon 49.000
nha may loc nuéc bién trén thé gidi, véi
cong suit 1a 48 triéu m’ nudc/ngay. Hién
nay dd c6 mot sé phuong phap khir mudi
nuée bién khac nhau. Trong do, thAm thiu

96

nguoc (RO) duge xem nhu 13 qué trinh hp
din nhit dé san xudt nudc ngot tir nudc
bién hodc nudc lg. Tir ndm 2001, RO da
thay thé cac quy trinh chung ct nudc bién
trude ddy, 60% nha may da ap dung cong
nghé RO 1 cong nghé chinh dé khir mudi
nude bién. Tuy nhién, do han ché béi ap
sudt thAm thiu, va khong c6 kha ning thu
hdi cao, do d6 mot lurong 16n nude bién da
bi thai nguoc tré lai bién va toc do dong
chay san xudt bi han ché. Mot giai phap
dang cht y duoc dua ra do6 1a két hop mang
RO v6i mang chung cit chan khong
(VMD) dé ting kha ning loc nudc thai cua
qué trinh loc RO va tang cudng qua trinh



thu hdi nudc ngot toan ciu [2,3]. Ciing nhu
bat ky qua trinh chung cit mang nio,VMD
la mot cong nghé bay hoi, trong d6 chan
khong hodc ap sudt thip s& dugc st dung
trén mit thAim qua cac mo-dun mang bang
may bom chan khéng. Dung dich dau vao
s& chay tiép tuyén voi bé mit mang; do do,
mét miéng mang dang phing hodc mot sb
ong mao mach réng va so mang cé thé
dugc sir dung. Trong qua trinh nay, nudc
nong s& bdc hoi gan cac 16 mang dudi ap
sudt rit thap va sau d6 khuéch tan dudi

dang hoi thong qua cic 16 cia mang. Qua
trinh ngung tu hoi nudc s€ xay ra phia sau
mang. Trong VMD, cac dic tinh bay hoi
ctia hop chét d& bay hoi hon & bé mit 16ng-
hoi va khuéch tan hoi thong qua cac 16 chan
16ng mang theo mot co ché Knudsen.

Trong thdi gian gin day, VMD di tr&
thanh mét linh vuc nghién ctru cua nhiéu
nha khoa hoc trén thé gidi. Mot vai nghién
ctru da dugc thyc hién trén VMD véi dung
dich mudi ¢6 n(‘Sng d0 cao va sau d6 chi cho
dung dich NaCl [1,2].
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Ngubnilgor Shiklomanov’s chapter "World fresh water resources” in Peter H. Gleick (editor), 1993,

‘Water in Crisis: A Guide to the World's Fresh Water Resources.

Hinh 1: Biéu d6 sw phin bé nude trén Trdi dat

2. THUC NGHIEM

2.1. Dung cu, hoa chét, thiét bi

Céc thi nghiém dugc thuc hién voi mot hé
thi nghiém quy mo6 nhé VMD nhu hinh 2
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Hinh 2: Hé thi nghiém quy mé nhé voi VMD
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Binh chira dung dich can xur 1y dwoc lam
bang thép khéng gi voi dung tich 5 lit, bao
gdm mot may khudy va mot tu dién. Hé
thng diéu chinh nhiét d6 (mot bon nude
noéng va mot bo trao déi nhiét). May bom
chuyén v&i hé s Reynolds trong khoang
850 va 7000, téc d6 ¢ dau vio mo-dun
trong khoang 0,4-2,0 m/s T1, T2 va T3 la
nhiét d6 ¢ diu vao, ddu ra moé-dun. Bom
chan khong

RP 15 Vario Vacuubrand(100-10.000 Pa).
Luu luong ké BRONKHORST (0-0,08 1/h)
Mang Fluoropore (Fluoropore, Millipore,
France), va mang Polymem (Ultrafiltration,
Polymem, France)

Nuéc bién nhan tao vai n(‘Sng d6 35¢g/1 duogc
sit dung dé nghién ctru trong nghién ciru
ndy dugc chudn bi bang cach hoa tan cac
mudi dung cho phan tich (NaCL,MgSO,,
Ca(HCOs),, KBr) trong nudc cit siéu sach,
thanh phin cac mudi liét ké trong bang 1
2.2. Thyc nghiém

Céc thi nghiém s& tién hanh v6i nuée bién
nhan tao va nudc tinh khiét. Hon nira, hai
loai mang khac nhau (mang Fluoropore va
mang Polymem) s& dugc kiém tra dé tim ra

cac diéu kién tot nhit cho qua trinh khur

mudi bang mang. Hai phuong phap dé lam
thi nghiém 1a thay ddi 4p suit va thay déi
nhiét d9.

Ap dung thi nghiém d&i voi mang
Fluoropore theo phuong phap bién dbi ap
suét, nhiét do trong bé chua dugc gitt )
dinh & muc 40°C. Ap luc tham qua P, da
giam tirng budce tir 6000 Pa dén 2500 Pa va
tbc do dong chay dau vao 1a 150 Vh. Trong
phuong phap bién ddi nhiét do, tbc do dong
chay va ap luc thAm d3 duge ¢d dinh & murc
150 1/h va 4000 Pa trong khi nhiét 0 trong
bé chira s& duoc kiém soat trong pham vi tir
25°C-50°C. Vi theo
phuong phap bién ddi ap sudt, nhiét do

mang Polymem

nude ban dau va tde do dong chay du vao
duogc ¢b dinh ¢ 35°C va 50 U/h, trong khi ap
luc thdm qua d3 thay di dan dan tir 5500
Pa dén 2500 Pa. Bén canh dé, v6i phuong
phap thay d6i nhiét do, luu luong nudc da
duoc ¢b dinh & mirc 50 I/h va ap luc thAm
14 4000 Pa trong khi nhiét d6 trong bé chira
dugc kiém soat thay dbi trong pham vi tir
25°C - 35°C.

Bdng 1: Cdc thanh phan ciia nwde bién nhén tao véi nong dé 35 g/l

Nguyéntd | Na® |[Mg? |[Ca?'| K Cl- [SO4?|HCO+ | Br~ [Téngsd
Ham luong
(/L) 10,760 | 1,294 |1 0,412 | 0,387 | 19,353 | 2,712 | 0,142 | 0,067 35

3. KET QUA VA THAO LUAN
Cac thi nghiém duogc tién hanh nhu da trinh
bay & phan thuc nghiém véi viée thay doi

ap suit ctia bom chan khong va nhiét do
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ciia nudc dau vao nham danh gia tac dong
cuia cac yéu to do tdi luu lugng hoi nudc
tham thau qua mang.
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Hinh 3: Cdc thi nghiém ciia mang Fluoropore véi nude tinh khiét

Hinh 3 cho thidy mdi quan hé giira luu
lwong thim qua va 4ap luc thim (a), nhiét
d6 ban dau va ap luc tham (b), nhiét do ban
du va luu luong dong thAm (c). Khi ap luc
thim giam, luu lvong thim qua ting dén
mot gia tri 6n dinh. Bén canh do, ¢ nhiét do
cao (khoang 50°C), mot lwgng 16n hoi nude

duoc san xuét va di qua mang dan dén ting
ap luc thAm qua. Do d6, khi luu lugng thim
qua tdng, may bom chan khong da phai hat
mot lwong 16n hoi nude va khong con céd
thé duy tri ¢b dinh ap luc thim ban dau.
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Hinh 4: Cdc thi nghiém ciia mang Polymem véi nuée tinh khiét

Cac thi nghiém cua mang Polymem véi
nude tinh khiét cho thdy mdi quan hé giita
lvu lwong thim qua va 4p luc thim (a),
nhiét d6 ban dau va ap luc thim (b), nhiét
d6 ban ddu va luu luong dong thim (c).
Phuong phap thay déi ap suit khong ap
dung dugc cho mang polymem trong
truong hop nay. Ly do o thé 1a nhiét d6 tdi
da cua dung dich ban dau chi 1a 35°C boi vi

vat liéu tao vo chira mang 1a PVC trong
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sudt. Luu lwong dong thdm qua J w0 Phu

thudc vao nhiét do bé mat mang T,,. Luu
lwong dong thAim qua 6n dinh & muc gia tri
T, thap (duéi 30°C) va bat dau ting din
khi Ty, 1a trong khoang tir 30°C dén 35°C.
Mang Polymem nay khong cho phép nhiét
d6 qua mang cao hon 35°C vi vat liéu tao ra
v6 chira mang. Theo két qua ndy, tinh thim
cia mang Fluoropore cao hon cua mang

Polymem.
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Hinh 5: Cac thi nghiém cua mang Fluoropore voi nudc bién nhdn tao

véi thoi gian 8 gio dau tién (a) va 8 gio sau (b)

Theo két qua, luu luong thAm 6n dinh
trong diéu kién nay va trong khoang 13,6
(Lh'l.m?). Sau 8 gid dau tién (ngay thir
nhit), ndng d6 va dung luong cua dung
dich con lai 1a 40,88 g/l va 3,42 1. Sau 4o,
luu lwong thim qua trong 8 gid tiép theo
(ngay th 2) giam dan. Téng luu luong
trong ngay thir 2 la 554,8 ml. Sau 2 thi
nghiém, n6ng do va thé tich dung dich con
lai 14n luot 13 48 g/l va 2,92 1. Luu luong
trung binh cua ngay 1 va ngay the 2 1a rat
6n dinh (khoang 13,6 Lh'1.m?). Ly do cua
su sut giam cta dong thim qua co thé 1a sy
gia ting ciia ndng d6 mudi trong nudc bién
tbng hop va/hoic su tic nghdn trén
mang. Luong nudc trong dung dich mudi
va hé sb hoat dong cua nudc cap giam khi
ndng do cua dung dich ting 1én. Luu luong
dong thAm qua mang J,, giam khi chénh
léch ap sudt xuyén mang giam.

4. KET LUAN

Trong nghién ctru ndy, tinh thAim ctia mang
Fluoropore 1a t6t hon so v&i mang
Polymem thong qua két qua thuc
nghiém. Vi vay, nhirng thi nghiém véi nude

bién nhan tao trong phﬁn thir hai dugc thuc
hién v&i mang Flouropore. Luu lugng dong
thAm cua nudc bién nhin tao giam trong
khi nong d6 mudi cua dung dich ban dau
tang 1én. Viée giam luu luong dong thim 1a
do su thay ddi vé kha niang béc hoi nudc
cua dung dich ban dau. Viéc tién hanh céc
nghién ctru va quan sat quy mé 16n hon déi
v6i VMD trong viée khir mudi nuée bién 1a
mot nhi€ém vu kha thi va c6 tinh ap dung
thuc tién cao.

Loi cdm on: Cac tac gia tran trong cam on
su tai tro cia du an ODA Viét Nam — Pan
Mach mi sé: 10.PO4.VIE va dé tai: ©
Nghién ciru vmg dung mang tham thdu

chuyén tiép trong san xudt nucc sinh hoat”.
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