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TOM TAT

Tinh trang nudc sinh hoat bi nhiém man do han héan, xam nhap man tai cac tinh thuéc déng bang
song Clu Long (BBSCL) la mot trong nhing van dé nghiém trong ma ngudi dan nai day phai
déi mat mdéi nam. Trong nghién clu nay, hé théng khir man st dung cong nghé tham tach dién
(Electrodialysis - ED) dugc nghién ciu thiét ké, ché tao va thi nghiém nhu mét lua chon thay thé
cho cong nghé tham thdu nguac (Reverse Osmosis - RO). Cum mang tham tach dién (ED stack), mét
b6 phan quan trong trong hé théng khar mdn, dugc thiét ké véi kich thudc 12x12 cm, véi 16 ngan
(cell) gébm mang cation va mang anion dugc mac ndi tiép va dién tich hoat déng clia cac mang
chon locion nay la 8x8 cm. Cum mang (stack) ED dugc thiét ké va ché tao vdi cac nguyén vat liéu
cb san trén thi trudng. Sau doé, hé théng khir man st dung cum mang ED nay dugc thiét lap va
thr nghiém & quy mo phong thi nghiém; hé théng hoat dong theo nguyén ly tuan hoan (batch
process) v&i hai kénh gidm madn va tich tu man cho dén khi d6 man dat yéu cau. Anh hudng cla
dién thé dp vao cum mang ED va d6 madn ngudn nudc dau vao dén hiéu sudt hoat dong clia hé
théng khir méan ED cling dugc khao sat thuc nghiém. Két qua cho théy, hé théng khit médn ED
dugc ché tao cé thé khir man cho 1,6 lit dung dich mudi, dau vao véi dé man 3 g/L, 5 g/L, 7 g/L
xudng dudi 0,5 g/L trong thdi gian tuong tng la 25 phut, 38 phdt, 52 phut véi dién thé dp vao la
16 V. Nghién ctru nay cho thay tinh kha thi clia hé théng khir man st dung céng nghé tham tach
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dién (ED) trong xUf ly cac nguén nudc bi nhiém man tai Viét Nam.
Tu khoa: khir man, thdm tach dién, san xuat nudc, hé théng ED, cum mang ED

GIOI THIEU

Su bién d8i khi hiu va bung n6 dan s6 toan ciu khién
ngudn nuéc sach dang din khan hiém 2. Viéc khii
mudi ti nude bién dang ngay cang dugc thyc hién
tai nhiéu khu vyc trén thé giGi d€ ddp tGng nhu ciu
cung cép nudc sach. Tinh dén nidm 2017, trén toan
ciu c6 khoang 55 triéu m> nuéc ngot dugc san xudt
bai cdc nha may khii mén nudc bién?. Tai Viét Nam,
trinh trang xam nhdp min dang dién ra trén dién
rong tai cac tinh thanh thu¢c khu vyc d6ng bang song
Ctiu Long (PBSCL), dan dén ngudn nudc cung ting
cho sinh hoat va nong nghiép cting bi nhiém man,
dac biét vao cac thang muia kho. Nim 2016, khoang
4.000 hecta tai Long An, 10.000 hecta tai S6c Tring,
10.000 hecta tai Bén Tre va 400 hecta tai Hdu Giang
c6 dién tich dat trong Itia va vudn cay dn qua bi nhiém
man?. Pén nim 2020, tinh trang ngdp min dién ra
ngay cang tram trong hon va dugc dy béo c6 nguy co
cao xay ra tinh trang thi€u nudc vao mua kho nhiing
nim t61°~, do vay, viéc khit min nudc st dung cho
tudi tiéu va sinh hoat tai viing PBSCL la rdt cin thiét.
Cong nghé khtt médn dugc phéan loai nhu sau: khit

man bing mang (khong thay d6i pha) va kht man
béng nhiét (thay d6i pha). Cong nghé khtt mén béng
mang (membrane process) stt dung mang nhu mot rao
can vat ly d€ tach chét 6 nhiém khoi nguén nudc cép,
trong khi cong nghé khti mdn bang nhiét (thermal
process) st dung nang lugng cao d€lam bdc hai nude
tit ngudn cdp (chung cit) va dé€ lai cac chit 6 nhiém
duéi dang chit ran®. Nén hoi co hoc (MVC), nén hoi
nhiét (TVC), chung cit nhanh nhiéu bat (MSF), bay
hai/ chung cit da hiéu ing (MEE/ MED) l1a nhiing thi
du vé khtt min bang nhiét.

Thdm thiu ngugc (Reverse Osmosis - RO) va thdm
tach dién (Electrodialysis - ED) la cac cong nghé khu
man bang mang. Sau nam 2000, khodng 70% cac nha
mady loc man st dung cong nghé khti man bang mang
vi tinh hiéu qua, it tiéu thu ning lugng va chi phi thap
hon so v6i khtt man bang nhiét. Trén toan cdu, MSE,
MED, ED va RO la nhiing phuong phéap chti luc trong
viéc cung cip nuéc ngot cho hang trieu ngudi®!P.
Ngoai ra, cac cong nghé khii man khac dang dugc
phdt trién & quy m6 phong thi nghiém nhu: khit ion
dién dung (Capacitive Deionization - CDI), khii ion
dién dung mang (Membrane CDI - MCDI) '1>12, Ké

Trich dan bai bao nay: Linh ND,Van NQ,Nga NTT,San T T, Tin D D C, Dung D T M, Chién D M. Thiét
ké, ché tao va thir nghiém hé théng khir man sit dung c6ng nghé tham tach dién quy mé phong thi

nghiém. Sci. Tech. Dev. J. - Nat. Sci.; 6(1):1846-1855.
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tii nhiing ndm 1950, c6ng nghé khtt min da dat dugc
nhiing tién b vugt bac nhu t6c do tai hiiu co cao, it
bam bén, thong lugng va do chon loc cao, dong thoi
chi phi thip. Trén thuc t€, nhu ciu nudc ngot ngay
cang ting trén toan ciu la dong luc chinh dan dén sy
phat trién nhanh cdc céng nghé khti min. Ningluong
cn thiét 20 kWh vao nam 1970 cho 1 m> nuéc ngot
dugc giam xuéng 2,5 kWh vao nam 201051314, Ngoai
ra, chi phi kht min da giam xuéng dui 0,75 USD/m?3
nudc trong nim 2008315,

Nhu céu cao vé€ nang lugng cho cong nghé khit min
lam ting t6c do phat thai khi nha kinh nhu sulfur
dioxide (SO,), nitrogen dioxide (NO,), nitrite ox-
ide (NO), va carbon monoxide (CO) °. Mot s codng
nghé khti mén con stt dung mét lugng héa chét (thi
du: hoéa chit tdy rtia, chdng dn mon, chéng tao bot,
chét diét khuén (clo) dé€ kiém soét su phat trién sinh
hoc,...) gy tic dong ding ké dén moi trusng 718,
Ban dau, thim tach dién (ED) la cong nghé dugc phat
trién d€ xi Iy nudc thai cong nghiép, nudc thai do thi;
va dugc stt dung trong cac nganh cong nghiép dugc
19-21

phém va thyc phdm, cac quy trinh héa hoc san

xudt mudi in 2?3, dién tl, cong nghé sinh hoc, loai bd

kim loai ning?*-%,

san xudt acid va base thong qua
khé ning loai bo cac thanh phan ion dudi tic dong
clia dong dién?’. Ngay nay, cong nghé ED c6 nhiing
tién b vugt bat do sy phat trién manh mé trong ché
tao cac mang chon loc ion (lon-Exchange Membrane
- IEM) va cong nghé dién héa dugc nang cao. Uu
diém chinh cta cong nghé ED la ty 1¢ thu héi nudc
cao hon so v6i RO, van hanh dé dang, tudi tho mang
cao. Khong giéng nhu RO, ED khong yéu cu tién xu
ly va hau xti Iy ngudn nudc cdp mot cach nghiém ngat.
Ngoaira, ED c6 thé thuc hién sy phan tach c6 chonloc
céc ion don héa tri (thi du: NO3~, C1—, NH4+, KT,
Nat) va chita lai cac ion da héa tri (thi du: PO43~,
S04%~, Mg?*t, Ca?™) d€ san xufit nudc tudi tieu?>2>7.
Cong nghé ED khong thay ddi pha ngudn nudc cip
va khong yéu ciu héa chit; do d6, c6 thé han ché tic
dong dén moi trudong dang ngay cang bi 6 nhiém va
gidm viéc st dung nhién liéu hda thach va chét tdy rua
héa hoc.

Cac nha nghién ctiu cho rang khit min béng cong
nghé ED dugc xem la t6i uu nhat khi d6 méan cta
nuée cdp khong qua 6 g/L chét rin hoa tan*. Déi
v6i cac ngudn nude cb ndng d6 mudi tuong d6i thip
(dudi 5 g/L), cong nghé ED thudng mang lai hiéu qua
kinh t& hon so v6i cong nghé RO3!. Tuy nhién, & mot
s6 cong trinh nghién cttu khac viéc khtt man nudc cé
nodng do chét ran hoa tan cao hon 30 g/L ciing da dugc
thuc hién thanh cong bing cong nghé¢ ED3>33, Nam
2006, L. Banasiak va cdc cong su >* da nghién ctu hiéu
sudt khit médn clia cum mang (stack) ED gém 7 mang
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chon loc cation va 6 mang chon loc anion véi dién
tich hoat dong la 56 cm? cho céc dung dich muéi c6
no6ng d6 khac nhau va két qua cho thdy cong nghé ED
¢6 kha niang kht médn cho nuéc c6 ham lugng mudi
NaCl cao lén dén khoang 35 g/L. Nam 2012, Buzzi va
cdc cong sy nghién ctu stt dung cong nghé ED dé
xu ly ngudn nudc acid tao ra ti khai thac than, véi
két qua l1a thim tach dién (ED) la cong nghé phut hgp
dé stt dung va thu hoi nudc ti hé théng thoat nudc
ctia mo acid, v6i hiéu sudt loai bo chat gay 6 nhiém
16n hon 97%. Tuy nhién, sy két tha clia sit & bé mit
clia mang trao d6i cation gay ra tic nghén, lam gidm
hiéu sudt qua trinh xt ly. Nam 2016, K. Nayar va cong
su 30 da thiét k& he théng ED khii méan cho ho gia dinh
v6i kich thuGe nho, c6 thé tao ra 12 L/gid v6i do man
déu ra 350 mg/L tli ngu6én nudc c6 do man 3 g/L. Kha
nang thu héi nude ctia hé théng ED nay la 80%, cao
hon so véi cac hé théng RO c¢6 mit trén thi truong.
Ngoai ra, nghién ctiu ciing cho thay, chi phi va kich
thudc ctia hé thong khti man ED c6 thé so sanh va
canh tranh véi thiét bi khtt mdn RO. Nam 2019, N.
Wright va A. Winter®” di dé xudt thiét ké cum mang
(stack) ED c6 hinh dang quén xodn &c¢ (spiral-wound)
kiéu méi v6i myc tiéu t8i uu hoa mat d6 dong dién,
stt dung gan v6i mat do dong t6i han ¢é thé, tit d6 co
thé t6i uu hoa dién tich mang chon loc dan dén giam
thiéu chi phi san xuit. Két qua cho thdy, mo6 hinh ED
dang quéin xodn 6¢ dugc cic tac gia thiét ké cé thé gitp
giam tong chi phi (fotal cost) dén 21% so véi thiét ké
dang xodn 6c Archimedean. Tai Viét Nam, nam 2003
Phong Vit liéu va Coéng nghé xt Iy nudc thudc Vién
Khoa hoc vat liéu (Trung tdm Khoa hoc Ty nhién va
Cong nghé Qudc gia) da ché tao va dua vao st dung
3 thiét bi xt ly nhiém mén bing céng nghé ED cho
3 co 6 y té thudc cac tinh Thanh Héa, Ninh Binh va
Théi Binh. Pay 1a cdc hé thong khii min bing cong
nghé ED ¢6 kich ¢& 16n, dugc ting dung truc tiép vao
ngudn nudc thuc dia. Dén ndm 2005, nhom nghién
cliu clia tac gia Nguyén Hoai Chau’® da cong b6 mot
s6 két qua xt Iy nudc nhiém man cta cac hé thong
nay, tuy nhién, cc s6 liéu vé qud trinh thiét ké, ché
tao, nguyén vat liéu, va t6i uu hda van hanh cac hé
thong khit mén ED nay khong dugc cong bo chi tiét.
Trong bai bdo nay, cum mang thdm tich dién (ED
stack) dang phing dugc thiét k€ va ché tao vdi muc
tiéu gidm d9 man ti 3-7 g/L dén duéi 0,5 g/L. Loai
cum mang ED dang phing dugc thiét ké c6 uu diém
la dé ché tao, phtt hgp véi diéu kién thiét bi va nguyén
vat liéu tai Viét Nam. Sau d6, hé théng khti man tudn
hoan (batch process) sti dung cum mang ED néu trén
dugc thiét 14p va thii nghiém & quy md phong thi
nghiém, va cic thong s6 nhu d¢ man va dién thé dau
vao dugc khao sat va téi vu hda.
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VAT LIEU VA PHUONG PHAP

Nguyén vat liéu dugc stii dung d€ ché tao cum mang
thdm tach dién (ED stack) bao gobm: mang chon
loc cation, mang chon loc anion (FUJIFILM Man-
ufacturing Europe B.V.), nhua polypropylene (PP),
nhuya polyvinyl chloride (PVC), titanium dang tdm
ma platinum (10x10x0,05 cm), thanh ren va dai 6¢c
inox (M6). Céc hoa chit: NaCl (>99,5%), NarSOy4
(>99,5%), nudc khti ion/ nudc DI (18,2 MQ, pure-
LAB).

Thiét bi dugc st dung d€ ché tao hé théng khit min
béng cong nghé ED bao gébm: cam bién do d¢ min
(dai do 0-50 g/L, d¢ chinh xdc +1%), bom nudc nhu
dong mini (24 V; 0-1,5 L/phut), ngudn cung cip va
diéu khién dién thé DC (Pinteck PW-3033), 6ng nudc
déo va dau néi gai 6ng (duong kinh 8 mm).

Quy trinh thi nghiém bao gém cac budc: i) thiét ké
cum mang ED, ii) kiém tra chat lugng nguyén vat liéu
dugc st dung d€ ché tao cic linh kién, iii) ché tao va
ldp rép cum mang ED, iv) tich hgp cac linh kién, b
phén dugc ché tao thanh hé théng khii mén ED, v)
chuén bi cic dung dich muéi va céc thi nghiém kht
man trén hé théng ED dugc ché tao véi cac diéu kién
khac nhau.

KET QUA VA THAO LUAN

Thi€t ké cum mang tham tach dién (ED
stack)

C4u tao ctia cum mang ED bao gom hai dién cuc: mot
dién cuc am va mot dién cyc duong, cdc mang trao
d6i cation (CEM) va anion (AEM) dugc xép xen ké
nhau, dugc ngin cach bdi cic tim dém (spacer) dé
tao thanh cdc ngin tréng chia cic dong nudc. Mang
trao d6i anion chi cho céc ion 4m di qua va mang trao
d6i cation chi cho cdc ion duong di qua. Khi dién thé
dugc dp vao hai dién cuc cia cum mang ED, cdc cation
trong nuéc man di chuyén vé dién cyc am va céc an-
ion di chuyén vé dién cuc duong. Tu d6 tao thanh
hai kénh nudc sau khi loc: kénh nudc duge khit midn
(kénh gidm mdn) va kénh nuéc méin hon (kénh tich tu
mdn). Hinh 1 m6 ta cdu tao cum mang ED dugc thiét
ké trong nghién ctu nay.

Ngoai cac by phan chinh néu trén, mét cum mang ED
con c6 khung bao vé (stack frame), tim dém tao kénh
rtia dién cyc... Chi tiét cac bo phin nhu sau:

Khung bdo vé: 1a bd phan bao vé bén ngoai, dugc lam
béng tdm nhya PP véi kich thudc 12x12x3 cm, véi 4
vi tri dugc khoan 16 d€ gin bu 16ng c6 dudng kinh 6
mm, 2 vi tri cho kénh gidm mén va kénh tich tu min
c6 duong kinh 8 mm, 2 vi tri ddu vao va dau ra cho
dung dich rtia dién cyc v6i dudng kinh 6 mm. Hinh 2

mo ta ban vé chi tiét ctia khung bao vé cho cum mang
ED.

Dién cuc va tdm dém cho kénh riia dién cuc: Dién cuc
dugc lam tu vét liéu titan ma platin véi kich thuGe
8x8x0,05 cm, dugc thiét ké nhu Hinh 3a. Dién tich
hoat dong cta dién cyc la 58,4 cm?. Tdm dém cho
kénh rtia dién cuc duoc lam ti vat liéu PVC déo véi
kich thudc 8x8x0,15 cm, ¢ 2 vi tri dau vao va dau
ra nhu Hinh 3b.

Tam dém cho kénh gidm mdn va kénh tich tu man:
dugclam tii tim PVC déo véi kich thudec 12x12x 0,15
cm. Tdm dém c6 4 vi tri gin bu 16ng véi dudng kinh 6
mm, 4 vi tri théng nudc dau vao va dau ra véi dudng
kinh 8 mm. Tdm dém cho kénh gidm médn va kénh
tich tu man dugc mo ta trong Hinh 4.

Mang trao déi ion: Mang trao d6i anion (AEM) va
cation (CEM), dugc ky hiéu trén Hinh 113 “A” va “C”
dugc thiét ké vdi kich thudc 12x12 cm, ¢ dién tich
bé mit hoat dong 1a 64 cm?,

Ché tao cum mang tham tach dién (ED
stack)

Céc thanh phan ctia cum mang thdm tach dién (ED
stack) dugc ché tao theo nhu ban vé thiét ké. Khung
bao vé dugc ché tao bing mdy phay CNC. Dién cuc
dugc cit bing thiét bi co khi thong dung. Mdy cit
laser dugc st dung d€ gia cdng cdc tdim dém va mang
trao d6i ion. Cum mang ED dugc thiét ké va lap rap
6 16 ngéan ndi tiép nhau, bao gom: 9 mang trao déi
cation (C), 8 mang trao d&i anion (A), 16 tim dém
tuong ting v6i 8 kénh giam mén va 8 kénh tich tu mén,
va 2 tim dém cho 2 kénh nudc rtta dién cyc (Hinh 1).
Cum mang ED sau khi dugc ché tao va 1ap rdp hoan
chinh dugc mo6 ta nhu trong Hinh 5.

P

Vi tri cdp n DC

-

?
/

Hinh 5: Cum mang thdm tach dién (ED stack) sau
khi dugc ché tao va l3p rap hoan chinh.
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A: Mang trao d6i anion
C: Mang trao doi cation
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Hinh 2: Ban vé khung bao vé: mat trudc (bén trai); mat sau (bén phai) cho cum mang ED.

Thiét 1ap thi nghiém hé théng khit man s
dung c6ng nghé ED

Dién thé 4p vao cum mang thim téch dién (ED stack)
la mét trong nhiing thong s6 quan trong trong qua
trinh khtt man bing cong nghé thdm tach dién vi dién
dp quyét dinh dong dién va dong ion chay qua moéi
ngan va hiéu qua kht méin ctia hé thdng. Do mang
chon lgc ion ctia hang FUJIFILM chi cho phép dién
thé t6i da 4p vao moi ngdn 1a 1,2 V nhim trdnh tinh
trang hu hong mang khi vin hanh, nén trong nghién
cliu nay dién 4p 12V, 14 V, 16 V 1an lugt dugc ap vao
cum mang ED (tuong Ging v6i 0,75 V; 0,875 V; 1 V cho
mobingin) d€ danh gid hiéu qua khit mén ctia hé théng
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ché tao. V6i muc dich nghién ctu sy anh hudng néng
dd mudi ban ddu dén hé thong khii man ché tao, cac
thi nghiém dugc thuc hién véi cac dung dich muéi co
dd médnla 3,5, va7g/L & dién ap t6i uu dugc khao sat.
Cac thi nghiém khti médn dugc thuc hién theo nguyén
1y loc tudn hoan (batch process): dong nudc ddu vao
dugc loc nhiéu ldn cho dén khi do min trong nuédc
gidm dén ngudng yéu cdu. Hinh 6 mo ta hé thong
khtt man bing cong nghé ED dugc ché tao va cac
thi nghiém kht mén trén hé thong hoat dong theo
nguyén ly tudn hoan.

Néu khong thong tin cu thé, trong tit ca cdc thi
nghiém, dung dich nuéc mudi dugc chuén bi tit nude
khtt ion va muéi NaCl (hodc NaySO4 ddi véi dung
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Hinh 3: Ban vé dién cuc (a), tdm dém (spacer) cho kénh rta dién cuc (b).
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Hinh 4: Ban vé tam dém (spacer) cho kénh gidm man (a) va cho kénh tich tu man (b).

dich rtra dién cuyc) dé€ tao thanh dung dich tht nghiém
¢6 d0 min mong mudn. Dung dich mudi NaCl thu
nghiém dugc chia thanh hai bé& cho kénh gidm min
(dong pha loang) va cho kénh tich tu méin (dong c6
déc), moéi bé chiia 1,6 L. T6c do dong chay ctia ci 2
kénh (giam mén va tich tu min) dugc van hanh véi
toc d6 dong chay 1 L/phut. Dung dich mudi Na;SO4
noéng d6 0,5 M dugc st dung cho cac kénh rtta dién
cyc v6i t6c do dong 1 L/phut d€ ngan chidn sy tao ra
cachgp chit cia C1~ hodc CIO™. Céc thi nghiém khu
man trén hé théng ED ché tao dugc thuc hién & nhiét

do6 phong.

Khdo sdt anh huéng cua dién thé dp vao cum
mang thdm tdch dién (ED stack)

Sau céc thi nghiém véi cac dién thé p vao cum mang
ED khac nhau, 1an lugt 12 12 V, 14 V va 16 V véi do
mén ctia ngudn nudc dau vao 1a 5 g/L, su thay d6i do
mén ctia dung dich mudi theo thoi gian dugc thiét lap
(Hinh 7). Két qué cho thiy, thoi gian cin thiét d€ dat
dén d6 man 0,5 g/L (gia tri dugc cho la an toan déi
v6i nude udng theo khuyén nghi cia WHO) cho 1,6
lit dung dich mudi 1a 38 phut va 55 phut (tuong tGng
véi dién thé dau vao 1a 16 V va 14 V). Do min cha
dung dich mudi gidm nhanh trong khoang 30 phut
dau, sau do gidm chim lai va cubi ciing sy thay déi
la rit nho. Thoi gian khit mén cang nhanh déi véi
dién thé ap vao cang 16n, tuy nhién, dién ap qua 16n
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Bé nwéc kénh giam man

Bé nwéc kénh tich tu man

Dau dé do dé man

Hinh 6: Hé th6ng khir mdn bang cdng nghé ED dugc ché tao va cac thi nghiém khit man tuan hoan thuc hién trén
hé théng.

c6 thé 1am hu hai cdc mang trao déi ion, do vay dién
thé 16 V ¢6 thé dugc xem 1a tdi vu trong nghién ctu
nay. Déi véi dién thé ap vao cum mang ED 1a 12 'V, hé
théng khong thé khtt mudi trong dung dich dén gid
tri thp hon 0,5 g/L, mic du thoi gian thi nghiém kéo
dai gan 90 phut. Diéu nay c6 thé dugc gidi thich bing:
i/ sy phan cuc ctia ndéng dd mudi trong 16p ranh gidi
mang (membrane boundary layer), va ii/ sy suy giam
chédt mang dién tit trong kénh gidam man. Trong cong
nghé ED d€ qua trinh kht mudi xdy ra can phai c6
du dong dién chay qua gitta anode va cathode; trong
thi nghiém véi dién thé ban dau la 12 V, dong dién
qua cum mang ED khong dt d€ tiép tuc qud trinh khu
mudi xudng dudi gid tri 0,5 g/L.

Khdo sdt dnh hudng ctia dé6 mdn dung dich
muéi ban dau

Dung dich muéi ¢6 d6 man khéc nhau, 14n lugt 1a 3
g/L, 5 g/L, 7 g/L dugc dua vao thi nghiém véi dién 4p
t6ivu 16 V d€ danh gid anh hudng ctia d6 méin ngudn
nudc dau vao 1én thoi gian khitt mdn. Két qua trinh
bay trong Hinh 8 cho thdy ca 3 thi nghiém déu cho
d6 min d4u ra dudi ngudng 0,5 g/L sau thoi gian khi
min 1an lugt la 25 phut, 38 phut va 52 pht (tuong
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ung véi cic do mén dau vao 3 g/L, 5 g/L va 7 g/L) véi
nhan xét d6 min dung dich d4u vao cang thép, thoi
gian khii mdn cang ngan. Nhu véy, hé thng khtt mian
stt dung cong nghé ED dugc thiét ké va ché tao trong
nghién ctiu ndy c6 théloc man nudc c6 d man tii 3-7
g/L, dua vé d6 min dudi 0,5 g/L, phit hgp tiéu chudn
nudc tudi tiéu va nude sinh hoat va thai gian khtt mén
tuong d6i ngan (30-50 phut).

Khdéo sdt dé Idp lai ciia hé théng khir mén ED

Do lap lai ctia hé thong khit mdn ED dugc khao sat
v6i 3 thi nghiém doc l4p & cac thai diém khéc nhau,
v6i cdc diéu kién thi nghiém nhu nhau (dién thé 4p
vao cum mang 16 V, d6 méin d4u vao 3 g/L). Két qua
trinh bay trong Hinh 9 cho théy ca 3 thi nghiém déu
cho d¢ mén ctia ngudén nudc dau ra dudi ngudng 0,5
g/L trong thai gian 30 phut cho 1,6 lit nuéc. Su khac
biét gitia cac lan khit man trong 3 thi nghiém doc lap
la khong déng ké, vay hé thong loc min ED ¢6 d6 6n

dinh t6t, c6 tiém nang cao trong ting dung thuc té.
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(L)

9 man

D

40
Thoi gian (phat)

Hinh 7: Biéu d6 thé hién d6 man dung dich mudi
giam theo thai gian khi thuc hién khit man trén hé
théng ED dugc ché tao véi cac dién thé dau vao khac
nhau (d6 man clia ngudn nudc dau vao 5 g/L).

D6 man (giL)

Thoi gian (phut)

Hinh 8: Biéu d6 thé hién d6 man dung dich mudi
gidm theo thaoi gian khi khtr mén trén hé théng ED
dugc ché tao v6i cac d6 man dau vao khac nhau
(dién thé ap vao 16 V).

Ung dung hé théng khir mén ED véi nguén
nudc gia lap

Bén canh ion Na™ va Cl~, nguén nuéc nhiém min
con chita nhiéu loai ion khac. D& kiém tra kha ning
ung dung ctia hé théng khii min cho nguén nudc
thuc dia, nhém nghién cttu tién hanh tao mai truong
nuGce nhiém mén gia lap bang cach chudn bi dung dich
c6 d6 min 3 g/L bang nudc giéng thuc dia va mudi
NaCl, thay vi bang nuéc DI va mudi NaCl nhu céc thi
nghiém trudc day. Mau nudc giéng dugc 1dy tai khuon
vién Vién Cong nghé Nano. Két qua thi nghiém trinh
bay trong Hinh 10 cho thdy kha ndng khti man ctia hé
théng ED khong c6 su sai léch dang ké gitia dung dich
mudi dugc chuén bi ti nude DI (dudng cong a) va
dung dich muéi dugc chuén bi tit nudc giéng (dudng
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Hinh 9: Biéu d6 thé hién d& man dung dich mugdi
gidm theo thai gian khi thuc hién 3 thi nghiém doc
lap trén hé théng khir man ED dugc ché tao véi diéu
kién thi nghiém nhu nhau (dién thé ap vao 16 V, d6
man dau vao 3 g/L).

cong b). Két qua cho thiy, hé théng loc man ED dugc
nhom nghién ctiu d€ xuét c6 kha nang ting dung cho
cdc ngudn nudc nhiém min thyc dia. Tuy nhién, dé
hé théng lam viéc 6n dinh va tranh xdy ra hién tugng
tdc nghén cum mang trong qud trinh vén hanh, nguén
nudc nhiém min dau vao can duoc loc tho déloai bo
rac/chét ran hiiu co va vo co khong hoa tan trude khi
dugc dan vao cum mang ED.
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Hinh 10: Biéu d6 thé hién d6 mén dung dich mugi
giam theo thai gian khi khir man trén hé théng ED
dugc ché tao vai (a) dung dich muéi dau vao dugc
chuén bi ti nuéc DI va (b) dung dich mudi dau vao
dugc chuan bi tir nudc giéng. Diéu kién thi nghiém:
dién thé ap vao 16 V, d6 man dau vao 3 g/L.

KET LUAN

Trong nghién ciu nay, cum mang thdm tach dién (ED
stack) dang phéng da dugc thiét ké va ché tao thanh
cong véi 16 ngan mdc ndi tiép va dién tich hoat dong
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12 88 cm. Cum mang ED nay dugc thiét ké don gian
vGi cdc vt liéu sdn c6 trén thi trudng nén chi phi thap.
Hé thong c6 thé khit man cho 1,6 lit dung dich mudi
dau vao c6 46 man 3 g/L, 5 g/L, 7 g/L xudng dudi 0,5
g/L trong thoi gian tuong ting la 25 phut, 38 phut, 52
phut véi dién thé dp vao 16 V. Cac thong s6 dd mén
dau vao (3—7 g/L) va ddu ra (0,5 g/L) nay la pht hgp
v6i di€u kién thuc té€ vé€ ngudn nudc cip va nudc ngot
tai Viét Nam, dic biét tai khu vic dong bing song Ctiu
Long.

Nghién cttu nay la két qua budc dau, & quy moé phong
thi nghiém, cho viéc ting dung cong nghé mdi va hiéu
qua déxti ly man tai ving DBSCL, st dung cong nghé
thdm tdch dién thay thé cho cong nghé thim thiu
ngugc (RO) hién c6. Nhim hoan thién cong nghé
va nang cao kha nang ung dung thuc té, cic huéng
nghién ctiu tiép theo cho cdng nghé khtt mdn bang ED
14 i/ Cc y€u t6 lién quan chi phi san xudt va t6i uu héa
su van hanh hé théng nhu: vétliéu va thiét ké cho tim
dém, tinh toan hiéu sudt thu héi va mat do dong téi
han ctia cum mang thdm tach dién, tinh todn va t6i uu
s6 lugng ngan clia cum mang, kha nang “phéng 16n”
ctia hé thong quy mo phong thi nghiém khi ép dung
trong cong nghiép, chi phi san xuit va vin hanh so
v6i hé théng khit min diing cong nghé RO,...ii/ Anh
huoéng ctia cac loai dién cuc (dién cuc carbon, tita-
nium, platinum,...) dén qua trinh khtt man va sy tic
nghén mang chon loc theo thai gian. iii/ Nghién ctiu
nay stt dung mang chon loc ion ctia hang FUJIFILM,
vi vy, cdc loai mang chon loc ion ctia cdc hang khac
va mang loc ty ché tao (d€ gidm gid thanh va chtt dong
trong san xudt) cling cdn dugc khao sat.

DANH MUC CAC TU VIET TAT

AEM Anion Exchange Membrane

CDI Capacitive Deionization

CEM Cation Exchange Membrane
CNC Computer Numerical Control
DC Direct Current

DI Deionized

ED Electrodialysis

IEM Ion-Exchange Membrane

MCDI Membrane Capacitive Deionization
MED Multi-effect Distillation

MEE Multiple-effect Evaporation

MSF Multi-stage Flash

MVC Machanical Vapour Compression
PP Polypropylene

PVC Polyvinyl chloride

RO Reverse Osmosis

TVC Thermal Vapour Compression

XUNG POT LOI iCH

Ciéc tac gia xac nhan khong c6 xung dot loi ich.
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Designing, fabricating and testing at a laboratory scale a water
desalination system using electrodialysis

Linh Duy Nguyen'2, Van Quoc Nguyen'2, Nga Thao Thi Nguyen'-2, San Tu Tran'2, Tin Chanh Duc Doan'-?,
Dung My Thi Dang'2, Chien Mau Dang'-%"

ABSTRACT

Salinity-contaminated water caused by seawater intrusion and droughts in provinces of the
Mekong Delta in Vietnam is one of the most serious issues that people here face every year. In
Use your smartphone to scan this this study, a desalination system using electrodialysis (ED) technology was designed, fabricated
QR code and download this article and tested as an alternative to reverse osmosis (RO) technology. The ED stack, an important part of
this desalination system, was designed with a size of 12 x 12 cm. It was composed of 16 cells con-
sisting of cation and anion membranes connected in series and the active area of the ion-selective
membranes was 8 x8 cm. The ED stack was fabricated by commercially available materials. The de-
salination system using this ED stack was then set up and tested at a laboratory scale in the batch
mode where the dilute and concentrate streams were recirculated up to the desired salinity. The
effects of the applied voltage and salt concentration were studied. The results showed that the ED
system was able to reduce the salinity of 3.0 g/L, 5.0 g/L, and 7.0 g/l to below 0.5 g/L within 25 min,
38 min, and 52 min, respectively, for an input water of 1.6 L at the applied voltage of 16 V. The study
showed a promising application of the ED technology for the water desalination in Vietnam.
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