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LOI CAM DOAN

Toi xin cam doan lugn an “Nghién cuu lywa chon dung dich 16i cuon si dung
trong cong nghé mang tham thau chuyén tiép dé xir Iy nuwde nhiém mdn thanh nuée
sinh hoat” la cong trinh nghién curu do chinh ban than thuc hién, dwoc hoan thanh
trong thoi gian toi lam nghién curu sinh tai Hoc vién Khoa hoc va Cong nghé (Vién
Han lam Khoa hoc va Cong nghé Viét Nam) dwoi sy huong dan khoa hoc cia TS.
Buii Quang Minh va PGS. TS. Nguyén Ngoc Tung. Ludn én sir dung mét sé thong tin
dwoc trich dan tir nhiéu nguon tham khdo khdc nhau, va cdc théng tin trich dan nay
da dwoc ghi ré nguon géc. Chinh vi vy, nhitng két qua nghién cieu trong ludn dn

nay da dwoc dam bao la trung thiee va khach quan nhat.

Téi xin cam doan dé tai nghién ciru trong ludn dn ndy la céng trinh nghién
clru cua toi dua trén nhitng tai liéu, 6 liéu do chinh t6i tw tim hiéu va nghién curu.
Nhitng két qua nghién ciru cia téi dwoc cong bé chung véi cdc tac gia khdc da
dwoce su nhat tri ciia déng tac gia khi dwa vao ludn an. Nhitng s6 lidu, két qua duoc
trinh bay trong ludn dn la hoan toan trung thuwc, va chwa tirmg dwoc cong bé trong
bdt ky mét céng trinh ndo khdc ngodi cdc céng trinh cong bé cia chinh ban thén

A

tol.

T6i xin cam doan nhitng so liéu, két qud néu trong ludn dn la trung thirc. Néu
sai, toi xin hoan toan chju trach nhiém trudc phap ludt.

Ha Néi, ngay 12 thang 05 nam 2025

Nghién ciru sinh

Hoang Minh Tao



LOI CAM ON

Sau 3 nam hoc tap, nghién ciru dé hoan thanh luin 4n nay, ngoai nhitng nd luc
ctia ban than, nghién ctu sinh da nhin dugc su dong vién, giup d& cua rat nhiéu ca
nhan, to chirc.

Nghién ctru sinh xin chan thanh bay to long biét on sau sic dén:

TS. Bui Quang Minh; PGS.TS. Nguyén Ngoc Tung; PGS.TS Nguyén Quang
Trung di tan tinh chi bao va hudng dan nghién ctru sinh trong suét qué trinh hoc

tap, nghién ctru va hoan thanh luan an t6t nghiép.

Céc thay co trong Khoa Cong nghé moi truong, cac thdy c¢6 Hoc vién Khoa
hoc va Cong nghé da huéng dan va tao moi diéu kién thuan loi dé nghién ctru sinh

hoan thanh luan an.

Ban lanh dao Trung tam Nghién ciru va Phat trién Cong nghé cao, cac ban bé
d6ng nghiép tai Trung tim noi nghién ctru sinh cong tac di gitp d, tao moi dicu

kién thuan lgi trong cong tac dé nghién ctru sinh hoan thanh luan 4n dang thoi han.

Xin cam on Cha Me, vo, con, d@)ng nghi¢p va ban bé da dong vién, khich 1¢

nghién ctru sinh trong sudt qua trinh thyc hién luan an.

Xin chan thanh cam on!

Ha Néi, ngay 12 thang 05 nam 2025

Nghién ciru sinh

Hoang Minh Tao
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MO PAU

Ly do chon dé tai

Tir xa xwa, nude ngot van ludn duoc con ngudi coi 13 mot ngudn tai nguyén vo
cing quan trong, boi nd dong vai tro thiét yéu trong viée duy tri sy séng va sy phat
trién binh thudng cua khong chi ban than con ngudi, ma con ca cac loai vat nudi va
ciy trong khéc. Tuy nhién, trong nhitng nim gin day, duéi tac dong két hop cua
nhiéu yéu t6 khach quan ciing nhu chu quan, trén thé gi6i néi chung va tai Viét
Nam ndi riéng dang xuét hién tinh trang thiéu nuéc ngot phuc vu nhu cau sinh hoat

va san xuat cua nguoi dan, ddc biét 1a trong nhirng thang mua kho.

Truéc tinh hinh thyc tién do, phat trién cac cong ngh¢ khir man maéi nham san
xudt nude ngot hién dang tré thanh mot xu huéng phat trién tat yéu trén thé gidi, va
Viét Nam ciing khong thé 14 ngoai 1&. Tuy nhién, nhiing cong nghé khir man dang
dugc str dung pho bién hién nay, bao gom cong nghé bay hoi — ngung tu va cong
nghé mang tham thau nguoc, déu ton tai mot sé nhuge diém nhat dinh, doi hoi can
phat trién cac cong nghé khir man mdi hiéu qua va than thién hon véi méi trudng
[1,2]. M6t trong nhitng giai phap tiém ning duoc dwa ra chinh 13 céng nghé mang
tham thau chuyén tiép, boi so sanh véi nhitng cong nghé khir man truyén thong
khac, thi cong nghé nay c6 wu diém 1a tiéu thu ning luong thip hon va cho phép
van hanh 6n dinh hon, nhung van duy tri chat luong ngudn nude dau ra dam bao

céc yéu cau ky thuat khat khe ddi v6i nudc sinh hoat [3-5].

Néu khong xét dén nhitng yéu t6 anh huong khac, thi yéu td quan trong nhit
trong mot hé thong mang tham thau chuyén tiép chinh 1a dung dich 16i cubn — bdi,
dong luc chil yéu cho qua trinh chuyén khéi cua nude tir phia dong can xir Iy qua
mang ban tham vao dung dich 16i cudn chinh 1a mirc chénh 1éch ap suat tham thau
tu nhién gifra dong can xir 1y va dung dich 161 cudn. Do d6, viéc lya chon dung dich
16i cudn (hay cu thé hon, chit 16i cubn) phu hop 1a mét cong viéc hét stc quan
trong, quyét dinh hi¢u qua van hanh chung cua cac h¢ théng khtr min san xuét nuée
ngot st dung cong nghé mang thim thau chuyén tiép [6,7]. Nhin chung, mét dung
dich 16i cudn (hay cu thé hon, chit 16i cudn) 1y twéng can phai dap tmg ba yéu cau
co ban sau: (1) so hitu 4p suat tham thau tu nhién cao; (2) gy ra hién tuong thim
thiu nguoc qua mang khong dang ké, va (3) d& hoan nguyén. Ngoai ra, do hién
tuong tham thiu nguoc qua mang 14 khong thé tranh khoi, nén mot chét 16i cudn 1y
tudng ciing can phai twong d6i an toan ddi véi strc khoé con ngudi néi riéng, ciing

nhu d6i v6i toan bd hé sinh thai va moi truong noi chung [8].
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Do vay Luén an “Nghién citu lwa chon dung dich 16i cuon siv dung trong
cong nghé mang tham thiu chuyén tiép dé xir Iy nwéc nhiém mdin thanh nwéc
sinh hoat” 13 mot hudng nghién ctru ddy tiém ning, dap Gng duoc nhu cau thyuc
tidn cta xd hoi, ciing nhu bét kip xu huéng nghién ctru chung trén thé giéi. Cu thé,
Lu4n 4n tip trung vao nghién ctru va danh gia hiéu qua 16i cubn cua mot sé dung
dich 161 cudén méi tiém ning s& hiru kha ning 16i cudn cao, ma dang chu y nhét 13
dung dich 16i cudn chira hdn hop mudbi trinatri a-DL-alanin diaxetat va axit citric.
Mudi trinatri a-DL-alanin diaxetat duoc Iyra chon 1am chat 161 cudén mdi tiém ning
do c6 gia thanh ré va hién dang duoc thwong mai hoa twong ddi rong rii trén thi
truong, dong thdi s¢ hitu kha ning tan tot dung moi nude, kha ning tao phuc dé tan
v6i nhiéu loai ion kim loai ho4 tri cao, ciing nhu kha ning phan huy sinh hoc trong
moi truong tot va khong tao thanh mdi nguy hai dang ké d6i v6i cac loai sinh vét

bao gdm con nguoi.

Ngoai ra, Luan an ciing di nghién ctru anh hudng ctua mot sb yéu té diéu kién
van hanh va thoi gian van hanh 1én hiéu qua hoat dong cua hé théng mang tham
thau chuyén tiép str dung nhimg chét 16i cudn tiém ning nay, tir d6 thu duoc cai
nhin mang tinh khai quat va toan dién vé tiém ning tmg dung cua ching trong thuc

tién san xuat nwdc ngot tir CAC nguon nudc bi nhiém man.
Muc tiéu nghién ciru

Lua chon mot sé dung dich 16i cuén méi tiém ning sir dung trong cong nghé
mang tham thau chuyén tiép dé xtr Iy nuwéc nhiém min thanh nude sinh hoat, va xac
dinh anh hudng ciia cac yéu té diéu kién van hanh va thoi gian van hanh 1én dic
trung 16i cudn ctia nhitng chat 161 cudn méi tiém niang nay trong quy mo phong thi

nghi¢m.
NOi dung nghién ciru

e Nghién ctru dac trung 16i cudn co ban ctia mot s6 dung dich 16i cudén moi

tiém nang dugc lya chon.

e Nghién ctru anh huéng cta mot s6 yéu td diéu kién van hanh (bao gdm: tdc
d6 dong vao, chénh léch 4p suat dong vao, va nhiét do dong vao) l1én hié¢u qua i
cudn cua nhitng dung dich 16i cudn méi tiém niang dugc lya chon, va tdi vu hoa cac
yéu t6 diéu kién van hanh nay nham thu dugc hiéu qua 16i cudn tét nhat.

e Nghién ciru anh hudng cia yéu t6 thoi gian van hanh kéo dai 1én hiéu qua
hoat déng va dic trung nhidm ban ctia mang tham thiu chuyén tiép khi st dung

nhirng dung dich 161 cudn mai tiém nang duoc lua chon, va hiéu qua lam sach mang
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thAm thau chuyén tiép ctia phuong phép rira xudi.

e Nghién ctru kha niang xur Iy nudc nhiém man thanh nudc sinh hoat ctia hé
théng mang thim thiu chuyén tiép sit dung nhitng dung dich 16i cuén méi tiém

nang dugc lya chon.

e Nghién ctru kha nang 161 cudn ctia nhitng dung dich 161 cuén méi tiém nang

dugc lya chon trén doi tugng ngudn nudce can xu ly 1a nude nhiém min thyc té.
Y nghia khoa hoc va thye tién clia dé tai

Y nghia khoa hoc: Luan &n da thanh cong lya chon va xac dinh dugc céc tinh
chit co ban ciia mot sd dung dich 161 cudn méi tiém nang, dic biét la dung dich 161
cudn chira hdn hop hai chét 16i cudn trinatri a-DL-alanin diaxetat va axit citric, bao
gdm: dic trung 16i cudn, dic trung gy nhiém ban mang sau thoi gian van hanh kéo
dai va hiéu qua lam sach mang cta phuong phap rira xudi, va anh huéng ctia mot sb
yéu td diéu kién van hanh 1én dic trung 161 cudn cia dung dich 161 cubn. Trén co s&
nay, Lun an cling da thanh cong tdi wu cac yéu td diéu kién van hanh cho ting loai
dung dich 16i cuén nham thu dugc hiéu qua 16i cudn tot nhat, va xac dinh duoc kha
nang xur Iy nudc nhiém man thanh nudc sinh hoat ciia hé théng mang tham thau
chuyén tiép st dung nhitng dung dich 16i cudn tiém ning dugc lya chon. Nhin
chung, két qua ctia Luan 4n mang gia tri tham khao cao, gop phan bo sung kho tang
kién thtrc lién quan dén cong nghé mang tham thau chuyén tiép noi riéng, va cong

ngh¢ khir man san xuat nudc ngot noi chung.

Y nghia thuc tién: Két qua cua Luén an cho phép goi mo mot sb hudng tiép
can méi tiém nang lién quan dén van dé khtr midn san xuat nuée ngot tai Viét Nam,
g6p phan giai quyét thuc trang thiéu nudc ngot do xAm nhap min hién dang xay ra
tai mot s6 dia phuong ven bién nham nang cao chat lugng song ctia ngudi dan, cling
nhu ting cudng kha ning tng pho ciia cac cong ddng dan cu ven bién trude nhiing

tac dong ti€u cuc gay ra bdi hién tugng bién do1 khi hau toan cau.
Nhirng dong gép méi cia Luin an
Luan an c6 nhiing dong gop méi ndi bat nhu sau:

e Di xac dinh mét dung dich 16i cuén méi tiém nang chua timg dugc cong bd
trudc d6 chua hon hop hai chat 16i cudn trinatri a-DL-alanin diaxetat va axit citric,
va khao sat mot sé dic trung 161 cudn co ban cua dung dich 18i cudn nay.

e Di xéac dinh anh huéng cua cac yéu té diéu kién van hanh va thoi gian van
hanh kéo dai 1én dic trung 16i cudn va dic trung gy nhidm ban mang cua ba loai
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dung dich 16i cudn tiém ning, ciing nhu xac dinh duoc hiéu qua 1am sach mang bi
nhiém ban cua phwong phép rira Xudi.

e D3 tbi vu hod cac yéu td diéu kién van hanh cho ba loai dung dich 18i cuén
tiém ning duoc lya chon nham thu dugc hiéu qua 16i cudn tét nhat.

e Di xac dinh kha ning xir Iy nuéc nhiém min thanh nuéc sinh hoat cia hé
théng mang tham thau chuyén tiép st dung ba dung dich 16i cuén tiém ning duoc
luya chon.

e Di xac dinh kha ning 16i cudn cua nhitng dung dich 16i cuén tiém ning
duoc lya chon trén ddi trong ngudn nudce can xi Iy 1a nude nhiém man thyc té.
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CHUONG 1. TONG QUAN NGHIEN CUU

1.1. CONG NGHE KHU MAN SAN XUAT NUOC NGOT
1.1.1. Nuwéc ngot va tim quan trong ciia nwée ngot

Hién nay, cac ngudn nuée co thé duge phan loai theo nhiéu tiéu chi khac nhau,
vi du phan loai theo dic trung ngudn gbc (nudc mua, nude thai sinh hoat, nude thai
cong nghiép...) hay dic trung dong chay (nudc séng, nude hd, nude ngam...). Trong
d6, mot tiéu chi phan loai nguén nude duge st dung twong ddi phd bién chinh 1a
phan loai ngudn nudc trén co sé tong ham lugng mudi vo co, ma chi yéu 1a mubi
NaCl va mudi KCI, hoa tan trong nudc [9-11]:

e Nuwdéc ngot dugc dinh nghia 1a nhitng ngudén nudc chira tong ham luong
mubi vo co hda tan thap hon 0,05%. Tuy nhién, trong mét sé trudng hop nhat dinh,
ngudng gidi han nay ciing c¢6 thé duoc chap nhan Ién téi 0,3%.

e Nudc lg hay nwéc nhiém min dugc dinh nghia 13 nhitng nguén nuéc chira
tong ham lwgng mudi hoa tan nim trong khoang 0,05% — 3,0%, hay mot cach tong
quat hon 13 nhitng ngudn nudc véi dd man nam giita nwdc min va nudce ngot. Nudc
lo thuong hinh thanh mot cach tu nhién tai cac khu vuc cira song, dam pha, ring
ngap man... ciing nhu bién Baltic va bién Den.

e Nuwéc min dugce dinh nghia 1a nhitng ngudn nudc chira tong ham luong
mudi hoa tan nim trong khoang 3,0% (twong dwong nudc bién gan bo, gan cira
song...) — 3,5% (twong dwong nudc bién thong thuong).

e Nudc c6 3 man cao duoc dinh nghia 1a nhitng ngudn nudc chira tong ham
lugng mudi hoa tan cao, thong thuong tir 3,5% (twong duong nuéc bién thong
thuong) cho téi khoang 26% (ndng do bdo hoa cia mudi NaCl trong nudc). Nudc
mubi ¢ dac co thé hinh thanh mot cach ty nhién dudi dang hd mudi hoic viing
mubi dudi day bién, nhung thuong thay nhat van 1a san pham phu hinh thanh tir cac
qua trinh cong nghiép, bao gom ca phan Ion céc hé thong kha man.

Trong subt chiéu dai phat trién cua lich sir nhan loai, nudc ngot van ludn duoc
coi 1a mot trong nhiing ngudn tai nguyén dong vai trdo quan trong hang dau va
khong thé thay thé ddi véi con nguoi. Trén thyc té, rat nhiéu nén van minh c6 dai
déu phét trién xung quanh luu vyc nhiing con song 16n nhu séng An, séng Hang,
sdng Hoang Ha, song Nile... [12], hay nhu ngay tai Viét Nam la song Ctru Long va

song Hong, boi chung déu 1a nhirng ngudn cung cap nudc ngot hét stc doi dao.
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Nudc ngot 13 mot ngudn tai nguyén cé thé tai tao, nhung hiru han. Theo wéc
tinh cua cac nha khoa hoc, tong lugng nuéc trén Trai DAt hién nay 1a gan 1,4 ty
km3, tuy nhién trong s6 d6 lai c6 dén 97,25% la nuéc man khong phu hop phuc vu
cho nhu cau sinh hoat va san xuit cta con nguoi. Nguoc lai, nudc ngot chi chiém
khoang 2,75% tong luong nude trén Trai Dat, trong d6 chu yéu ton tai dudi dang
bang tuyét tap trung xung quanh hai ving dia cyc hoic dudi dang nude ngdm va 4m
d6 trong dat. Ngudn nudc ngot thé 1ong dé dang tiép can dbi véi con ngudi (bao
gdém nudc song, nuwdc ho...) chi chiém chua dén 0,01% tong lugng nudc trén Trai
Pit, tvong duong khoang gan 140.000 km® [9,10]. Con sd nay mic du rat 16n,
nhung thuc té van rat kho dap ung dugc nhu cau st dung nudc sach phuc vu céc

nhu cau sinh hoat va san xuat thuong ngay ctia con nguoi.

Cu thé, dé dap ung nhitng nhu ciu co ban nhit bao gém in udng va vé sinh
than thé, mot nguoi trudong thanh binh thudng can st dung t6i thiéu khoang 50 L
nuéce sach mdi ngay [13]. Bén canh d6, nhu ciu str dung nudc ngot trong cac hoat
dong san xudt ndng nghiép va céng nghiép cling rat 16m, vi du mot con bo sira mdi
ngay c6 nhu cau nudc ngot trung binh 1én téi 76 L [14], dé san xuat dugc 1 kg thit
bo can tiéu thu dén trén 15.000 L nudc ngot, trong khi con $6 nay ddi véi cac loai
ngil céc dao dong trong khoang tir 900 — 5.000 L nudc ngot [15]. Khi khong dugc
cung cap du nudc hodc gip phai mot sé van dé bénh 1y cu thé giy nén tinh trang
mat nude cp tinh, co thé con ngudi ndi riéng va da phan cac loai sinh vét néi chung
s& xuat hién hang loat triéu chung tu dau dau, kho chiu, mét moi, suy giam nhan
thuc... cho dén co giat, tang natri mau, giam dung lugng mau, hodc tham chi la tr
vong [16,17]. Béi vy, to chic Lién Hop Qudc dd cong nhan kha nang tiép can voi
ngudn nude sach 13 mot quyén co ban cua con ngudi trong ndi dung Nghi quyét
A/RES/64/292 [18], ciing nhu cong nhan kha ning tiép can v4i ngudn nude sach 1a
mot trong s6 17 muc tiéu chinh dé phat trién bén viing voi tim nhin dén nam 2030
trong ndi dung Nghi quyét A/RES/70/1 [19].

1.1.2. Thue trang ngudn tai nguyén nuée tai Viét Nam

Viét Nam 1a mot qudc gia sd hitu ngudn tai nguyén nudc twong ddi phong
pht, véi mirc binh quan dau ngudi hién nay 1a 12.000 m%nam. Tuy nhién, khoang
2/3 luong nude ndi trén lai xuat phat tir ving thuong luu nhitng hé théng song 16n
nam trén lanh thd qubc gia khéc, tiéu biéu nhu thuong luu song Hong (bat ngudn tir
Van Nam, Trung Qudc) va thuong luu séng Ctru Long (song Mé-kong, bat ngudn
tir cao nguyén Thanh Tang, Trung Qudc va di qua bén qudc gia khac trude khi chay
vao Viét Nam). Dong thoi, do ddc diém dia hinh va khi hau phtrc tap nén ngudn tai

nguyén nudc nudce ciing phan bo khong déng déu trén 1anh thd Viét Nam [20-22].
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Theo théng ké, luong nude st dung hang nim cua nudce ta dé phuc vu cho san
xuit nong nghiép 1a khoang 93 ty m3, cho san xuit cong nghiép 1a khoang 17,3 ty
m?3, cho hoat dong dich vu 1a 2 ty m®, va cho sinh hoat 14 3,09 ty m3. Dy bdo dén
nam 2030, co cau dung nude s& thay dbi theo xu hudng san xuit nong nghiép chiém
75%, san xudt cong nghiép chiém 16%, va hoat dong tiéu dung khac chiém 9%.
Nhu cau dung nudc sé ting gap doi, trong duong khoang 1/10 lwu luong nudce trén
hé thdng song ngdi, 1/3 tdng luong nude ndi dia, va 1/3 téng luu lwong nude chay
on dinh. Bén canh d6, trén ca nude hién cling dang st dung 1.000.000 ha mat nudc
ngot, 400.000 ha mat nude lg, 1.470.000 ha mat nudc song ngoi, cung 14.000.000
ha mdt nudc ndi thuy va 1anh hai dé phuc vu san Xuat va nudi tréng thuy hai san —
tuong duong khoang 31% dién tich mat nudc ngot, cung 12,5% di¢én tich mat nudc

lo va nudc man [23-28].

Mot van dé dit ra hién nay 1a chat luong ngudn nudc tai Viét Nam dang ngay
cang di xudng do anh huéng cia 6 nhiém moéi truong nude, din dén suy giam
ngudn nude ngot cb thé sir dung ciing nhu 1am gia tang chi phi xir Iy nude sach. Cu
thé, hién nay van tdn tai thuc trang nhiéu nguén nudc thai tor cac nha may, xi
nghi¢p, khu dan cu, bénh vién, khu vuc san Xuét nong nghiép... dugc thai tryc tiép
ra ra moi truong thong qua hé théng thoat nudc ma chua qua xtr Iy, hoic duogc xtr Iy
chua triét dé. Nhitng ngudn nude thai nay co thé mang theo mot lugng 16n cac chat
bdi lang, chét thai nhua, hoa chit doc hai, kim loai ning, can dau, hay thim chi ca
chat phong xa... gdy 6 nhiém moi truong. Bén canh d6, rac thai ran dugc thai truc
tiép ra khu vuc gan méi trudng nude va cac hoat dong kinh té trén mit nudce ciing 1a
nhirng yéu td anh huong ti€u cuc dén chat luong moi truong nude tai Viét Nam.
Hi¢n nay, nhiéu khu vuec nudc ta da ghi nhan ham lugng cac chit hitu co doc hai
(dc biét 1a ham luong cac chat bao vé thuc vat), kim loai ning, va dau (dic biét 1a
xung quanh nhitng khu vuc cang bién) dat muic cao, vugt ngudng gidi han cho phép
ciia Tiéu chuan Viét Nam va vuot rit xa ngudng giéi han cho phép cua cac tiéu
chuan quéc té [29-34].

Mot yéu to khac da va dang anh hudng tidu cuc dén chat luong ngudn nudc
ngot tai Viét Nam Ia hi¢n tugng han han, nuéc bién dang, va xam nhép man gay ra
bdi bién d6i khi hau toan cau. Theo sb liéu thong ké, trong 50 nim trd lai day, nudc
ta c6 khoang 36 nam bi han v6i cac muc d§ khac nhau, déng tho1 mirc @0 han han
ciing dang ngay cang dién ra nghiém trong hon. Pang chu ¥, cac khu vuc phia Nam
ma dic biét 1a Pong bang song Ciru Long hién dang thudng xuyén trai qua tinh
trang han han va thiéu hut nguén nudc ngot phuc vu cho hoat dong san Xuat nong

nghiép, ma nguyén nhan chinh la do su gidm sut lugng nudc trén luu vuc song Mé-
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kong vao mua kho va hién tuong xadm nhap man tién sau vao dit lién. Cu thé, vao
mua khé nim 2025, chiéu sau ranh min 4 g/L 16n nhét tai cac cira song Ctru Long
duoc du bdo c6 thé 1én t&i 70 km, sdu nhat tai hai vuc hai song Vam Cé Pong va
Vam Co Tay. Trén co s& ndy, chiéu su ranh min 1 g/L ciing tiép tuc mo rong thém
dén 50 km vao sdu trong dit lién, gdy anh huong nghiém trong dén chit luong

ngudn nudc cling nhu sinh hoat va canh tac nong nghiép cua ngudi dan [35-41].

Can cht y rang, phan 16n cac loai sinh vat khéng sinh sdng trong dai duwong
(bao gdm ca con ngudi, cing cac lodi ciy trong va gia siic — gia cam do con nguoi
canh tac va nudi dudng) déu di thich nghi véi viée st dung ngudn nude ngot dé
phuc vu cho nhu cau sinh 1y ctia co thé, va thiéu di kha nang ti€u thy nudc man mot
cach thudng xuyén. Con ngudi, khi udng phai luong nudc min déang ké, s& xuat
hién cac hién tuong ngd doc bao gém mét moi, budn nédn, rdi loan... cho dén co giat,
xuat huyét ndo, ting natri mau, hodc tham chi 13 tir vong [42—44], ma nguyén nhan
chu yéu 13 do ngd doc natri — mot trong hai nguyén té cdu thanh nén mudi NaCl,
chét phan tan chi yéu tao nén d6 min cua nude. Ngay ca khi dang trong tinh trang
mét nudc, thi viée uéng nudc man cling khong dem lai tdc dung tich cuc, ma nguoc

lai s€ khién cho cac triéu chirng mat nudc cang tré nén nghiém trong [45].

Trén co so nhiing diéu kién thyuc tién da trinh bay, co thé théy duoc ré“tng Xa
hoi hién dang dit ra nhu ciu can phat trién nhitng cong nghé san xuit nudc ngot
méi hidu qua hon va tan dung duoc nhimg ngudn nuéde kho xir Iy hon. Trong sb
nhirg cong nghé san xuit nudc ngot moi hién dang duoc nghién ctiu va ap dung,

thi cong nghé khir man duoc danh gia 1a mot giai phap day tiém ning.
1.1.3. Cac cong nghé khir min san xuit nwéc ngot

Trong nhiing nam trd lai day, cong nghé khir man dugc danh gia 1a mdt giai
phap diy tiém ning cho van dé thiéu nudc ngot phuc vu sinh hoat va san xut trén
thé gidi n6i chung, va tai Viét Nam néi riéng. Trén toan thé gidi, tong san lugng
nudc ngot san Xuét thong qua cac cong nghé khir man dugc udc tinh dat khoang
trén 100 triéu m®ngay, va con s6 nay dugc du doan s€ tiép tuc tang manh trong
tuong lai gan do hién twong suy giam ngudn nudc ngot hién dang ngay cang dién
bién phirc tap din dén sy gia ting chi phi cua cac phurong phap san xuat nude sach
truyén thong, dong thoi su phat trién cia cic cong nghé tién tién lai dang giup giam
chi phi xay dung va van hanh cta nhiing hé théng khir min. Tai mot s6 khu vuc véi
diéu kién dia Iy va khi hau dac biét (vi du khu vuc Trung Poéng), nudc sach thu
dugc qua trinh khir man da co thé canh tranh mot cach thanh cong voi cac nguén tai

nguyén nudc truyén thong ciing nhu cac phuong phap van chuyén nude sinh hoat
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(vi du nhu viée x4y dung cac dap thuy dién, hd chia nudce, hay kénh dan nuée...)
[46-48]. Dic biét, do s¢ hitu duong bd bién dai nén Viét Nam c6 loi thé tu nhién
trong linh vuc san xudt nude ngot tir nhitng ngudn nude bi nhidm min, bao gém

nudc 1o va nudce bién.

Cung voi téng ning luc san xudt tiép tuc gia ting, nhidu cong nghé khir min
d3 duoc lién tuc phat trién voi nhitng vu diém va nhuoc diém riéng, phu hop cho
tirng diéu kién hoan canh cu thé. Tuy nhién, hién nay thi cong nghé chung cit nhiét
va cong nghé mang van dang la hai cong nghé khir man dugc Uing dung rong rai
nhat, 1an luot chiém khoang 29% va 65% tong nang luc khir man cia toan thé gisi
[11]. Trong d6, cong nghé mang (ma phd bién nhat hién nay 1a cong nghé mang
tham thau nguoc RO) dugce danh gia 13 s hitu nhiéu wu diém ndi bat khi so sanh
v6i cong nghé chung cat nhiét, bao gdm: mirc tiéu thu dién ning thip hon dang ké
(chi khoang 5 kWh/m® nuéc sach, so véi trén 17 kWh/m® nuéc sach khi s dung
cong nghé chung cat nhiét), dé dang lip dat va van hanh, va quy trinh bao dudng
don gian [49-52]. Boi vay, co thé thiy rang day 1a mot cong nghé khir min san xuat

nudc ngot rat thich hop dé ap dung tai mot qudc gia dang phat trién nhu Viét Nam.

Cu thé hon, cong nghé mang khir min thong qua loc mang phd bién nhat hién
nay 1a cong nghé loc tham thau nguoc (RO). Nguyén tic hoat dong chinh cua cong
nghé loc mang nay 14 thanh phan nudc c6 trong ngudn nude min duge phan tach ra
khoi thanh phan mubi hoa tan nhd mot mang ban thdm véi ciu trac dic biét va dudi
diéu kién ap suét cao. Ap suit hoat dong cua cac hé théng mang RO thudng dat
khoang 15 — 25 bar khi nguén nuéc dau vao can xu 1y 1a nudce lg, va khoang 54 — 80
bar khi ngudén nudc dau vao can xir 1y 1 nudc bién (4p sudt tham thiu cia nudc
bién 1a khoang 25 bar). Tuy nhién, cong nghé mang RO ciing ton tai mot sd nhuoc
diém nhét dinh, bao gdm: hiéu suat str dung ngudn nudc dau vao twong ddi thap, va
dé bi tic mang do y8u cau van hanh tai diéu kién ap suat cao — ddc biét 1a khi can xur
1y nhitng nguén nuéc véi dd min ban dau twong dbi cao [50,53]. Pidu nay dit ra
nhu ciu can phét trién nhitng cong nghé¢ mang khir min méi hiéu qua hon, ma mot

g vién tiém nang chinh 1 cong nghé mang tham thau chuyén tiép (FO).
1.2. CONG NGHE MANG THAM THAU CHUYEN TIEP
1.2.1. Qua4 trinh thAm thau va phn loai cic qua trinh thim thau

Qua trinh tham thau cta mot chit duoc dinh nghia 13 sy chuyén dich ctia cht
ndy qua mang ban thim tir phia ¢ thé ning hoéa hoc cao hon dén phia co thé ning
hoa hoc thap hon, vi du su chuyén dich ctia nude tir phia co ap sudt tham thau ty

nhién doi véi nude thap hon dén phia co6 ap suat tham thau ty nhién doi véi nudce
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cao hon.

Dua theo hudng dich chuyén cia cac phan tir nude (hodc cac phén tir twong
mg khac), c6 thé phan chia qua trinh thim thau thanh hai loai chinh 14 qua trinh
thAm thdu ngugc (RO) va qud trinh thdm thau xudi, hay qua trinh thim thau chuyén
tiép (FO). Trong d06, qué trinh FO van dung chénh 1éch vé mit ap suat tham thau tu
nhién gitta cdc dung dich tai hai phia cua mang ban tham 1am dong luc cho su dich
chuyén cua nuéc qua mang ban thim, thay vi van dung chénh 1éch vé mat ap suét
thuy lyc giéng nhu trong qua trinh RO. Ngoai ra, qua trinh tham thau cham ap
(PRO) c6 thé duoc xem la trung gian giira qua trinh FO va qua trinh RO, trong d6
ap suét thuy luc dugc tdc dung theo chiéu nguoc lai so véi chiéu chuyén dich do
tham thiu tu nhién cta nude (trong tu nhu qué trinh RO), tuy nhién nudc van dich
chuyén vé phia dung dich 16i cuén s¢ hitu 4p suat thim thdu ty nhién cao hon
(twong tu nhu qua trinh FO) [54].

Huéng dich chuyén cia nuéc thim thiu qua mang ban thim trong cic qua
trinh FO, qua trinh RO, va qua trinh PRO dugc mé ta trong Hinh 1.1.

Ap suat thuy tinh (AP)  Ap suat thuy tinh (AP)

YATT

FO PRO RO

Hinh 1.1. Hudng dich chuyén caa nuéc qua mang ban tham trong céc qua trinh
tham thau FO, RO, va PRO

Qua trinh RO 1a qu4 trinh tham thau hién dang dugc 4p dung nhiéu trong cac
hoat dong san xuat va doi séng. Tuy nhién, qué trinh RO cling tdn tai mot s6 nhuoc
diém nhat dinh, bao gdm yéu ciu murc tiéu thu dién ning cao, d& giy tic mang, va
hiéu sut thu hoi thip gay lang phi ngudn nudc dau vao can xtr 1y. Bdi vay, trong
khoang 20 nam trd lai ddy, cac nha khoa hoc d3 tap trung nhiéu hon vao nghién ctru
qua trinh FO va qua trinh PRO, do nhiing qua trinh tham thdu nay c6 thé khac phuc
duge mot s6 nhuoe diém cioa qua trinh RO vé muc tiéu thu dién nang cao va kha

ning giy tic mang sau thoi gian dai sir dung.
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Cu thé, wu diém chu yéu cua qua trinh PRO 1a cho phép chuyén hoa thé ning
thAm thiu cua dung dich 16i cudn thanh dang ning luong hitu ich khac thong qua hé
thng thu hoi ning luong, boi vy chu yéu duoc nghién cru nhim muc dich tng
dung san xuét dién. Nguoc lai, ng dung chu yéu cia qua trinh FO 1a trong cac hé
théng khtr mdn san xuit nude ngot va cac hé théng cO dac/cac hé théng co dac thu
hdi chit tan, do qué trinh FO cho phép tao thanh thong lwong nudc thim thiu qua
mang tuong ddi cao, déng thoi yéu cau muc tiéu thu ning luong thip va it giy
nhiém ban mang hon dang ké khi so sanh vdi cac qua trinh thim thau sir dung dong
luc 12 ap sudt thuy luc khic nhu qua trinh RO [54].

Trong cac qua trinh tham thau, 4p suat thim thau (x) 1a mot thong sd dic biét
quan trong, quyét dinh truc tiép dén hiéu qua dich chuyén cta nudc qua mang ban
thAm. Ap sudt thim thau duoc dinh nghia 13 gia tri 4p suét can thiét tac dung 1én
mot dung dich nhim ngan can su dich chuyén cua nudc qua mang ban tham vé phia
dung dich nay, khi chét 16ng phia bén kia mang ban thim 13 nuéc tinh khiét. Dinh
nghia trén ciing c6 thé dugc mé rong cho phan 16n cac loai dung méi va dung dich
tuong ung khac [55]. Cong thirc chung mé ta su dich chuyén cta nudc qua mang
ban thAm trong cac qua trinh FO, qué trinh RO, va qua trinh PRO duoc trinh bay

nhu sau:
Jw=AX(cxAn— AP) (Phwong trinh 1)
trong do:

e Jw: thong luong nudce tham thiu qua mang, dic trung cho thé tich nudc
tham thau qua mét don vi dién tich mang ban tham trong mdt don vi thoi gian xac
dinh (don vi: L/m2-h, LMH);

e A: hé s6 tham thau cua mang, dic trung cho kha ning cho phép nudc thim
thau qua ctia mang ban thdm (don vi: L/m2-h-Pa);

e o: hé sb chon loc, dic trung cho gitr lai cac phan tr chét tan khac cta mang
ban thdm (¢ = 1 twong ng véi mang ban tham hoan toan giit lai cdc phan tir chat
tan khac, 6 = 0 tuong rng v6i mang ban thim hoan toan cho phép cac phan tir chat
tan khéc di qua);

e Am: chénh léch ap suat tham thau giita hai phia cia mang ban thdm, dic
trung cho dong luc thAm thau ty nhién cua nudc qua mang ban thim (don vi: Pa);

e AP: chéch léch ap suét thuy luc giita hai phia ctia mang ban thdm, dic trung

cho dong luc thdm thdu cua nudc qua mang ban thim giy ra bai ap sudt thuy luc
(don vi: Pa).
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Cu thé, trong qua trinh FO thi gid tri AP bang khéng. Nguoc lai, trong qua
trinh RO thi gi4 trj AP can 16n hon gia trj Az, con trong qua trinh PRO thi gié tri AP
can 16n hon khong va gia tri An can 16n hon gia tri AP. Mdi quan hé giira dong luc
clia cac qué trinh thAm thdu va huéng théng luong nude thim thau qua mang duoc
mo ta trong Hinh 1.2 [56].

g 4 A
g :
%D Diem Thong luvong
E- dao Chiéll >. RO l:ﬂ?l’ - ﬁPj
%‘3 (Am = AP)
i \

0 <—p AP

AT

> PRO (A > AP)

Hinh 1.2. Méi quan hé giita dong lyc ctia cac qua trinh tham thau va hudng thong
lugng nude tham thau qua mang

Trong thyc nghiém, dé xac dinh gia tri thong lugng nude tham thau qua mang,
nguoi ta tién hanh tinh todn trén co so cac dai luong c6 thé do dac dugc theo cong
thirc sau:

\'%

Jw = A xt (Phwong trinh 2)

trong do:

e V: thé tich nudc thyc té tham thau qua mang ban thdm trong mot don vi
thoi gian t (don vi: L);

e Am: dién tich hiéu qua cho phép nudc tham thau qua cia mang ban thim
(don vi: m?);

e t: thoi gian van hanh thyc té cta hé thong thuc nghiém (don vi: h).
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1.2.2. Tinh hinh nghién ciu chung trong nwéc va trén thé gii

Tinh dén nay, dd c6 kha nhiéu két qua nghién ctru khoa hoc — bao gém hang
loat ding ky bao ho so hitu tri tué va bang doc quyeén sang ché — lién quan dén cac
phuong phap va hé théng mang FO duogc cong bd trén khip thé gisi, tuy nhién phan
16n nhitng cong nghé nay déu chua thuc sy hoan thién va chua duge chimg minh
kha ning tng dung trong diéu kién thuc tidn [57-62]. Cu thé, trong giai doan 1999
— 2020, d3 c6 7.175 bai bao khoa hoc duoc cong bd lién quan dén van dé ung dung
cong nghé mang FO trong xir Iy nude nhidm min, trong d6 bao gdm 1.522 bai bao
khoa hoc (chiém khoang 27%) thyc hi¢n khao sat ddi vai cac loai mang FO khac
nhau. Nhin chung, c6 thé thiy sb luong nghién ctru lién quan dén van dé tng dung
cong nghé mang FO trong xtr Iy nudc nhidm min van dang tiép tuc ting dan theo
ting nam, dic biét 1a trong giai doan 2012 — 2020, nhu thé hién trong Hinh 1.3 va
Hinh 1.4 [63].

Dic biét, lién quan dén van dé tng dung cong nghé mang FO trong xir 1y nude
nhiém min, nhitng d6i twong nghién ctru chinh hién dang dugc cic nha khoa hoc
quan tdm bao gém dung dich 16i cudn va phuwong phép hoan nguyén dung dich 16i
cudn, ché tao va bién tinh mang ban tham, hién twong nhiém ban mang va phuong
phap khic phuc, mé hinh hoa, danh gia muc tiéu thy ning luong, ciing nhu phan
tich hiéu qua kinh té. Loai mang FO duoc str dung trong cac nghién ctru ndy phan
16n 1a mang dang tam phang trén co s¢ xenlulo tri-axetat (mang CTA) va trén co s&
nhya polyamit (mang TFC).

Nhin chung, c¢6 thé thdy dugc rang cong nghé mang FO 1a mot giai phéap thay
thé day tiém nang trong linh vuc khir man va san xuit nude sach — van dé ma hién
nay dang rit duoc quan tim trén toan thé gidi. Dau vay, dé c6 thé thuc sy 4p dung
vao diéu kién thuc tién trén quy mo 10n, thi cong nghé niy van con can vuot qua hai
rdo can 16n, d6 1a phét trién nhimng loai mang FO méi so hitu hiéu ning van hanh
cao hon, ciing nhu tim kiém nhiing dung dich 16i cuén méi cho phép dé dang hoan
nguyén va/hoic tai co dac hon. Ngoai ra, khi nguoén nudc can xur 1y khir man la
nude bién, thi dung dich 16i cudn ciing phai s¢ hiru ap suat thim thau tu nhién du
16n dé c6 thé tao thanh chénh léch vé mit 4p suat thim thau phu hop véi ngudn

nudc can xu ly.
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Hinh 1.4. Ty & cac bai bao khoa hoc lién quan dén cdng nghé mang FO duoc cong
bd qua cac nim trong giai doan 1999 — 2020

Tai Viét Nam, cong nghé thdm thiu chuyén tiép van dang 1a mot hudng
nghién clru tuong ddi méi, chua thuc sy nhan duogc su quan tam cua cac nha khoa
hoc. Nam 2017, PGS.TS. Lé Truong Giang da dugc giao chu nhi€m thuc hién dé tai
“Nghién ciru, trng dung mang tham thau chuyén tiép trong sin xudt nwéc sinh
hoat” (ma s6: VAST.CTG.08/14-16), va thu duoc nhiéu két qua tich cuc. Cac két
qua nghién ctru cho thiy, phuwong phap FO c6 thé duoc st dung dé khir min cho
nhirg ngudn nude dau vao voi ham luong mudi cao, bén canh dé hién tuong tic
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nghén mang dién ra chAm hon so véi cac cong nghé loc mang khac. Nghién ciru
cling d3 phat hién ra mot s6 dung dich 16i cudn méi chua dugce cong bd trén thé
gidi, d6 1a cac hop chit phirc sit — amoni, v6i thong luong nude cao nhét khi sir
dung dat t6i trén 11 LMH. Dya trén nhitng két qua nghién ctru trong phong thi
nghi¢m, nhém nghién ctru da thiét ké va lép dat mot hé thé)ng thiét bi loc nudc man
thanh nudc ngot quy mé pilot trén co sd cong nghé loc FO/NF, véi cong sudt van
hanh 6n dinh dat trén 11,5 L/h va chét luong san phém nude dau ra dat tiéu chuan
nudce sinh hoat theo QCVN 02:2009/BYT [64,65].

Tiép nbi nhitng thanh céng nay, NCS. Hoang Minh Tao di dugc giao chu
nhiém thyc hién dé tai “Nghién ciru hodn thign hé théng loc nwéc nhiém man
bang thiét bi loc nwéc thim thiu chuyén tiép” (mi s6: UDPTCN 01/2020-2022),
va thu duoc mot sd két qua dang ghi nhan, bao gdm khéo sat so bo tinh chat 16i
cudn cta hai loai dung dich 16i cubn chtra maltodextrin va polyvinylpyrrolidon [66—
68], ciing nhu ding ky cap bang sang ché phuong phap ché tao va ung dung dung
dich 16i cudn chira hat nano sét tir. Ngoai ra, dé tai cling da hd trg Hoc vién cao hoc
Nguyén Thi Thay thuc hién Luén van Thac si “Nghién cieu ddnh gid tiém ning
teng dung ciia dung dich 16i cuén maltodextrin trong qud trinh thdm thiu xuéi dé
khwr man” tai Hoc vién Khoa hoc va Cong ngh¢, Vién Han 1am Khoa hoc va Cong
nghé Viét Nam [68]. Nam 2023, NCS. Hoang Minh Tao di tiép tuc dugc tin tudng
giao chu nhiém thuc hién dé tai “Nghién ciru irng dung cong nghé loc thim théiu
chuyén tiép (FO) vio sin xudt cét nwéc ép cé dic tai Vigt Nam” (mi sé:
KHCBHH.02/23-25), du kién hoan thanh nghiém thu vao giira nim 2026.

Boi vay, c6 thé thay duogc tai Viét Nam noi riéng va trén thé gidi noi chung,
cong nghé khir man Gmg dung mang FO 1a mét linh vuc nghién ctru gidu tiém ning
phat trién va mang tinh tng dung cao. Dic biét, tim kiém nhitng chat 16i cubi méi
phtt hop trong xtr Iy nude nhi®m min va nude bién 1a mot van dé rat dang quan tam,
bai day 1a mot yéu t6 hét sirc then chdt anh huong truc tiép dén hiéu qua van hanh

va hiéu qua kinh té clia toan bo hé thong cong nghé khir min ng dung mang FO.

1.3. CAC YEU TO ANH HUGNG DPEN HIEU QUA VAN HANH CUA HE
THONG MANG THAM THAU CHUYEN TIEP

1.3.1. Mang ban thim

Bén canh dung dich 16i cun, mang ban tham 13 mot cau phan quan trong khac
dong vai tro thiét yéu trong cac hé théng ung dung cong nghé mang FO, tao thanh
anh huong mang tinh quyét dinh 1én hiéu qua hoat dong thyc té ctia cac hé thong
mang FO. Mang ban tham duoc dinh nghia 13 nhiing vat liéu dang mang s¢ hiru tinh
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chat thAm chon loc, cho phép mot s6 loai phan t nhét dinh d& dang dich chuyén
qua céu tric cia mang, nhung dong thoi lai ngin can su dich chuyén cua phan 16n
nhirng phan tir hodc ion chat tan khac. Cu thé, trong trudng hop qua trinh thAm thau
ctia nude, mang ban thim can cho phép cac phan tir nuée dich chuyén qua ciu trac
ciia mang, nhung ddng thoi lai ngin can sy dich chuyén cia phan 16n nhitng phan

tir hodc ion chat tan khac trong dung dich [69].

Nhin chung, mang ban thim sir dung trong céng nghé mang FO can phai dap

ung dugc céc ti€u chi co ban sau:

e (6 kha ning cho nudc tham qua cao, tir 46 cho phép dat duogc gid trj thong

luong Jw can thiét khi van hanh.

e Tinh chon loc cao ddi v&i cac loai chét tan ton tai trong dong can xir 1y, dac
biét 1a mudi NaCl va chit 16i cudn, tir d6 dam bao han ché hién tuong tic mang va
hién turong khuéch tan ctia cac phan tir mudi NaCl tir dung dich can xir 1y sang dung
dich 16i cuén, cling nhu hién tugng khuéch tan cua cac phan t chét 16i cudn tur
dung dich 16i cubn sang dung dich cin xir 1y (hién twong thim thiu ngugc qua mang

cua chat 161 cuon).
e (Co6 d0 bén co hoc cao, kha nang chong mai mon tot.

e (6 kha nang chong an mon boi cac yéu to hod hoc va cac yéu to sinh hoc
tot.

Do ton tai nhitng yéu cau tuong ddi khat khe trén, nén hién nay thi truong
mang ban tham danh riéng cho qué trinh FO chi chil yéu t6n tai hai loai san phim
chinh, bao gom mang compozit 16p mong (mang TFC) va mang xenlulo tri-axetat
(mang CTA), véi mot s6 cidu dang modul mang khac nhau nhu modul dang taim
phang, modul dang cudén xoin, modul dang s¢i rong... Trong d6, nhém san pham
mang TFC hién dang chiém uu thé tuyét doi v6i khoang 91% thi phan mang FO
toan cau, vuot xa ddi thu canh tranh thir hai 1 nhém mang CTA. So di nhu vay la
bdi nhém mang TFC véi ban chat hoa hoc polyamit s hitu kha ning ngin chin sy
tham thiu cua cac chat tan dic biét tdt cung do bén vuot troi, trong khi uu diém ndi
bat ctia nhém mang CTA lai 13 kha ning chéng nhiém ban tét.

V& co ban, mot san pham mang TFC dang tim phing duogc thiét ké cho ung
dung trong cong nghé mang FO thudng bao gdm ba 16p chinh [70-72]:

e L&p nén voi cau triic polyeste dang soi khong dét day 120 — 150 um, dong
vai tro nhu phan khung cung cdp d6 6n dinh cho toan cau tric mang. Tuy nhién, bé

mit 16p nén polyeste thuong qua xp va khong du dong nhat, do vay khong thé sir
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dung dé trang phu truc tiép 16p mang chon loc thdm thiu siéu mong.

e Lép mang vi x6p trung gian (16p trung gian) day khoang 40 pm, dong vai
trd két ndi va cung cip mot 16p nén 6n dinh phuc vu cho viéc gia cong 16p mang
chon loc siéu mong tiép theo. Lop mang vi xdp trung gian thuong duoc tao thanh tir
nhua polysulphon gia cong theo phuong phap keo tu nhing (phuwong phap ddo pha)
boi loai vat lidu xOp nay c6 kha ning chiu nén tot, luu luong dong chay qua chap
nhan duogc, va dic biét hon ca 1a kha ning khang hoa chat tét thich hop v6i nhiéu
phuong phap trang pha 16p mang chon loc thim thau siéu méng ngoai cing da
dang.

e Lép mang chon loc tham thau siéu mong (16p loc) trén bé mat day khoang
200 nm, déng vai trd chinh trong viéc ngan chin sy thAm thau cta cac phan tir va
ion mudi qua toan bd cAu tric cua mang ban tham. Dé dat duoc hiéu qua loai bo
min trén 99% thi kich thudc 16 trén 16p mang nay thuong khong vuot qua 0,6 nm.
DPong thoi, chiéu day cua 16p mang nay ciing can duoc han ché nhim dam bao anh
hudng tdi thiéu 1én kha nang tham thau cta nude. Thong thudng, trong cac hé thong
mang FO, 16p mang chon loc thim thiu siéu mong nay thuong duoc cho tiép xuc
tryc tiép voi ngudn nude can xu 1y.

Tuong tw, nhom mang CTA ciing c6 thé duoc tong hop thong qua phuong
phap ddo pha, hay cu thé hon 1a phuong phéap keo tu nhiing trén nén két cau 1a nén
soi polyeste. Uu diém ctia nhom mang nay 1a kha ning chiu clo va chéng nhiém ban
tdt, nhod vao dic tinh va nudc cia nguyén li¢u ché tao. Tuy nhién, nhugc diém cua
chung 1a kha nang loai bé mudi twong d6i kém, vi thé khong thuc su thich hop dé
dua vao tng dung trong khtr man san xuat nudc ngot. Kha ning khir min cta nhom
mang CTA c6 thé dugc cai thién théng qua phuong phap xir 1y nhiét nham muc dich
thu nhé duong kinh 16 xdp trong cu tric mang, tuy nhién lam nhu vay ciing s& giy
anh hudng tiéu cuc dén kha nang cho nudc tham thau qua cia mang, lam suy giam
hiéu niang san xuat nudc sach. Mot sé phuong phap cai tién mdi ciing da dugc
nghién ctru, tuy nhién hiéu qua khir man ciia nhém mang CTA van chua thé vuot
qua ngudng 20 LMH, khién cho loai mang nay khé tim dugc chd dung trong cac
tmg dung thuc tién [73-75].

1.3.2. Dung dich 16i cuén

Dung dich 16i cuén dugc dinh nghia 14 nhimg dung dich s& hitu 4p suit thim
thau tu nhién cao dbi v4i nude, dugce st dung lam nguén dong luc thac déy su dich
chuyén (tham thau) cta nudc qua mang ban tham tir phia dong can xur 1y sang phia

dung dich 16i cudn trong cic qué trinh FO. Tuong tng, nhiing chit tan cdu tao nén
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thanh phan cua dung dich 16i cudn duoc goi 1a chat 16i cudn.

Viéc lya chon dung dich 161 cudn 1a mot yéu td hét st quan trong, quyét dinh
truc tiép dén hiéu qua van hanh chung cua céc hé théng khtr man san xudt nudc
ngot tng dung cong nghé mang FO. Qua trinh FO dan dén sy ¢6 dic cua dong dung
dich véi 4p suét thdm thu ty nhién ban dau thap hon (dong can xir Iy), va su pha
lodng cua dong dung dich vé6i 4p sut thAm thau ty nhién ban dau cao hon (dung
dich 161 cuén). Boi vay, bén canh sé hitu ap suét thAm thau tu nhién cao ddi véi
dung méi nude, mot dung dich 16i cudn (hay cu thé hon, chat 16i cubn) 1y tudng cho
céc hé thong khir man san xuat nude ngot sir dung cong nghé mang FO ciing can
dap img mot s6 yéu cau co ban khac, bao gdm gy ra hién twong tham thiu nguoc

qua mang khong dang ké, va d& hoan nguyén.

Ngoai ra, do hién twong thidm thau nguoc chat 16i cudn qua mang (bao gdm
mang FO khi van hanh hé thong mang tham thau chuyén tiép, ciing nhu nhiing loai
mang ban tham khac duoc st dung trong qua trinh hoan nguyén dung dich 16i cudn,
néu can thiét) 1a khong thé tranh khoi, nén mot chét 16i cudn 1y tuéng ciing can phai
tuong ddi an toan ddi voi sire khoé con nguoi cling nhu méi truong [7]. Hién nay,
mac du da c6 hang trdm loai dung dich 161 cubn khéac nhau duge dé xuit st dung
cho cac hé théng khir man Gmg dung cong nghé mang FO, tuy nhién viéc tim kiém
nhimg dung dich 16i cuén méi van 13 dic biét can thiét, do mdi dung dich 16i cudn
déu ton tai nhitg uu — nhugc diém riéng, chua thé hoan toan dap Gmg moi yéu cu
duoc dit ra dbi véi mot dung dich 161 cudn Iy tuong (vi du: thong luong chét 16i
cudn tham thau nguoc qua mang qua cao, dé giy nhiém ban mang, thiéu an toan ddi

véi suc khoé con nguodi va/hoac moi truong...) [61].

Dua trén phuong phap hoan nguyén, dung dich 16i cudn (hay cu thé hon, chat
16i cubn) dung trong cac hé théng khir min san xuit nude ngot st dung céng nghé

mang FO c6 thé dugc phan chia 1am bon nhém cu thé, bao gdm [76,77]:

(1) Dung dich 16i cuén chuyén pha: 1a nhiing dung dich 16i cuén ma viéc phan
tach dung moéi nuéc va/hodc chat tan khoi dung dich (qua trinh hoan nguyén dung
dich 16i cubn/chat 16i cudn) c6 thé dugc thuc hién mot cach twong dbi dé dang
thong qua cac dic tinh chuyén pha cua dung dich;

(2) Dung dich 16i cudn khong chuyén pha: 1a nhitng dung dich 16i cuén ma
viéc phan tach dung moéi nude khoi dung dich (qua trinh hoan nguyén dung dich 161
cudn) chi co thé dugc thuc hién théng qua phuong phap c6 dic bang cach dun nong,

hodc thong qua cac phuong phap loc qua mang;

(3) Dung dich 16i cudn chtra hat nano tir tinh (MNP): nhd vao dic tinh riéng
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ctia cac hat MNP kich thudc nano, nhitng dung dich 161 cudn nay cé thé duoc hoan
nguyén dudi tdc dung cua tir trudng ngoai, cho phép tach cac hat MNP ra khoi dung

dich 16i cudn da bi pha lodng mot cach twong ddi hidu qua;
(4) Dung dich 16i cudn khong hoan nguyén.
1.3.2.1. Dung dich 16i cuén chuyén pha

Nhu di dé cap, dung dich 16i cudn chuyén pha 1a nhirng dung dich 16i cuén ma
viéc phan tach dung méi nudc va/hodc chit tan khoi dung dich (qua trinh hoan
nguyén dung dich 161 cudn/chat 16i cuén) 6 thé duge thuc hién mot cach tuong doi
dé dang thong qua céc tinh chat chuyén pha dic trung ctia dung dich, vi du théng
qua sy thay doi kha nang hoa tan trong nudc phu thude vao diéu kién nhiét d6 cua

mot sb loai hop chét dang khi [77].
Nhin chung, loai dung dich 161 cudn nay c6 mot s6 vu diém ndi bat nhu sau:

e D& hoan nguyén: cac tinh chat chuyén pha dic trung cua dung dich 16i cudn
cho phép thu hoi va tai st dung dung dich 18i cuén mot cach twong d6i don gian va
hiéu qua.

e Hoan nguyén tai diéu kién nhiét do thap: do qué trinh chuyén pha cua cac
dung dich 16i cudn thudng xay ra tai diéu kién nhiét do thap hon so véi nhiét do soi
ctia nudc, nén nhitng dung dich 16i cudn nay co thé dugc hoan nguyén dudi diéu
kién nhiét do twong d6i thap (so véi cac phuong phap nhiét thong thuong khéac) va
cho phép tan dung dwoc cac nguon nhiét thir cip cho qua trinh hoan nguyén.

Cu thé, mot s6 hop chat dang khi (vi du nhu khi CO2, khi SO2, hay khi NHs...)
c6 kha nang hoa tan nhiéu trong nudc tai diéu kién nhiét d6 va ap suat nhat dinh, tao
thanh nhitng dung dich tuong g véi ap suat tham thau twong d6i cao. Tuy nhién,
dang phiic trong dung médi nudc ciia cac hop chat nay thuong kha nhay cam voi
nhiét do, cho phép phéan tach chung mét cach don gian va hi¢u qua khoi dung dich
tuong (mg thong qua phuong phap nhiét. Duéi tic dung cua diéu kién nhiét do cao
trong khoang thoi gian va méi trudng ap suat phu hop, chét 16i cudn sé bay hoi hau
nhu hoan toan khoi dung dich 16i cudn twong tng, luu lai pha long véi ham lugng
chét 16i cubn hoa tan rat thép. Tuy thudc vao ban chat hoa hoc cua chét 16i cudn,
phan chat 16ng nay c6 thé duoc sir dung truc tiép, hodc can trai qua mot s budc xir
1y b6 sung khac nham tao thanh san pham nudc sach phu hop cho timg nhu cau sir
dung cu thé. Nguoc lai, ph?m pha khi tach ra khoi dung dich co thé mét 1an nita
dugc dung dé chuan bi dung dich 16i cudn twong tmg, hoan thanh mot chu ky sir

dung — hoan nguyén ctia dung dich 16i cuén [78-81].
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Mic du vdy, nhitng chat 16i cudn nay ciing ton tai nhuoc diém 1a twong ddi
doc hai va co thé s¢ hitu tinh dn mon cao (vi du: khi SO2, khi NHa, cac hop chat
amin d& bay hoi...), doi hoi hoan nguyén trong hé thdng thiét bi khir tach khi tuwong
d6i phuc tap, dong thoi mire do tiéu thu ning luong con twong ddi cao, khién cho
pham vi g dung cuia chiing trong cac qua trinh khir min san xut nude ngot hién
dai 13 twong dbi han ché [79,82,83].

Bén canh cac hop chit d& bay hoi, mot s6 hop chit gbc amin khac nhu 1-
cyclohexyl piperidin hay N,N-dimetyl cyclohexylamin ciing c6 thé dugc sir dung
lam chat 16i cudn trong cac qua trinh FO. Cu thé, khi ton tai doc l1ap, nhirng hop
chat nay 1a cac dung moi hoan toan khong thé tron 1an véi nude, va hdn hop véi
nude cia chung sé nhanh chéng xay ra hién tuong phan 16p khi ngimng khudy tron,
hinh thanh nén hai 16p chét 1ong riéng biét khong tron 14n vao nhau. Nguoc lai, khi
tiép xtic véi khi CO2, phirc hydro cacbonat ctia nhitng hop chét nay lai hoa tan rat
tbt trong nude, tao thanh dung dich tuong tmg v6i ap suat tham thau cao. Pic biét,
tai diéu kién nhiét d6 cao, khi CO2 s& tach khoi phtrc hydro cacbonat cua nhiing hop
chét nay, khién cho dung dich dong nhat ban dau phan tich mot cach ty nhién thanh
hai 16p chét 16ng riéng biét: (1) 16p chit long vo co chira nude cung luong vét khi
CO2 hoa tan, va (2) 16p chit long hitu co chira hop chit gbc amin twong tmg. Nho
vay, dung dich 161 cudn c6 thé dugc hoan nguyén mot cach tuong ddi dé dang. Tuy
nhién, gidng nhu cac hop chat amin dé bay hoi, nhitng chét 16i cudn nay ciing tuong
ddi doc hai, tao thanh mdi nguy co ddi vai stre khoé con nguoi néu khong thé phan

tach hoan toan khoi ngudn nuéc ngot dau ra [84-86].

Bén canh do, nhiéu loai mudi v6 co ciing ¢ thé dugc sir dung nhu nhitng chét
16i cudn chuyén pha cho cac hé thong khir man trén co s cong nghé mang FO.
Duéi diéu kién thuong, nhitng mubi vo co nay (vi du MgSOa, CuSOs...) s& hitu kha
nang hoa tan rat tot trong nudc, tao thanh dung dich ddm dac véi ap suét tham thau
cao. Qua trinh san xuit nudc ngot dugc thuc hién thong qua viéc bo sung mot sb
loai chét tan khac vao dung dich (vi du Ca(OH)2, H2SO4...) nham tao thanh nhiing
dang két tua tuong tng. Cubi cung, nhitng két tia nay c6 thé duge phan tach khoi
dung dich thong qua phuong phép loc don gian, cho san pham 13 nudc sach voi ham
luong chat ran hoa tan twong déi thap. Dung dich 16i cudn cé thé hoan nguyén bang
céch hoa tan trd lai két tia dudi sy hd tro ctia mot sb loai axit vo co thich hop [8].
Tuy nhién, cach tiép can nay ciing ton tai nhuoc diém 1 mot bo phan hoa chit s& bi
chuyén hoa thanh cac san pham phy nhu mudi CaSOs va mubi BaSO4, dit ra yéu
cau phai xay dung phuong 4n xir 1y phtt hgp nhiam dam bao tinh kinh té cho toan bo

hé thong, cling nhu gidm thi€u tdc dong doi vdi moi truong va suc khoé con ngudi
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[87-91].

Nhim giai quyét nhitng tré ngai trén, trong vai nam tré lai ddy, cac nha khoa
hoc dd chuyén hudng nghién ctru sang phat trién nhirng chat 16i cudn chuyén pha
thé hé méi co thé phan tich mot cach ty nhién khoéi dung dich 16i cudn khi dung
dich nay chiu tac dong cta cac yéu td kich thich bén ngoai, ma khéng can dén su hd
tro ciia hoa chéat khac. Nhiéu tac gia da thanh cong téng hop mét s6 loai vat liéu
hydrogel gbc polyme compozit [92-97] hoic cac chit 1ong tir phan ly thanh ion (IL)
[98-106] véi dic trung thay dbi cac tinh chat ua nudce/ky nude tai ngudng nhiét do
nhét dinh goi la Nhiét d§ dung dich té1 han dudi (LCST) hodc Nhi¢t do dung dich
téd1 han trén (UCST). Cu thé, tai nhiét do dudi nguong LCST (hodc trén ngudng
UCST), nhitng hop chat ndy c6 tinh wa nudc rit cao, nhd vay tao thanh ap suat thim
thau can thiét dé thuc day su dich chuyén cta nudc qua mang ban tham. Tuy nhién,
khi nhiét do tang qué ngudng LCST (hodc gidm qua ngudng UCST) thi nhitng hop
chét nay lai dan tré nén ky nuéc, thuc day sy phan tach pha ctia dung dich 16i cudn
— bao gdm pha hitu co chi yéu chira hydrogel hodc IL, va pha vo co chii yéu chua
nuéce cung luong vét chat 16i cudn, c6 thé sir dung truc tiép ma khong can trai qua

bat ky budc xir Iy bd sung nao khac.

Bén canh d6, mot sé nha khoa hoc ciing di tong hop céc loai vat liéu hydrogel
v6i tinh chat wa nude/ky nude thay d6i thay doi khi chiu tac dong cua dién truong
ngoai [107-109], hodc cho phép phén tach thanh phan nudc dd hip thu thong qua
tac dong vat Iy thong thuong ma khong anh hudng dén céu trac chung cia toan bo
khéi vat liéu [77].

1.3.2.2. Dung dich 16i cuén khéng chuyén pha

Dung dich 16i cuén khong chuyén pha hién dang 13 nhém dung dich 16i cudn
duogc sir dung phd bién nhét trong cac hé thong tng dung cong nghé mang FO quy
mo cong nghiép, mic du phuong phap hoan nguyén cho nhém dung dich 16i cudn
nay (bao gom: phuong phap bay hoi nhiét va phuong phap loc qua mang) thuong
yéu cau muc tiéu thy ning luong twong ddi cao so v6i nhimng loai dung dich 16i
cubn khac. Nguyén nhan 13 bdi, cdc phuong phap hoan nguyén trén déu twong d6i
don gian, va c6 tinh tuong thich cao dbi véi nhiéu hé théng trang thiét bi san xuat
cong nghiép thong dung hién nay. Bén canh d6, hau hét chét 16i cudn khong chuyén
pha déu 1a nhitng hop chat véi ngudn cung kha doi dao va/hodc cau trac hod hoc
don gian, khong can duoc tong hop va/hodc hoan nguyén qua cac quy trinh ky thuat
phtrc tap, boi vay yéu cau lugng vén dau tu ban dau thap hon dang ké so v6i nhiing

chat 161 cuon khac.
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Chat 161 cuén khong chuyén pha c6 thé dugc phan chia thanh chét 16i cudn
khong chuyén pha gbc v6 co va chit 161 cudn khong chuyén pha gdc hiru co. Trong
d6, chat 16i cubn khong chuyén pha gbc v6 co thuong 1a mubi v co nhu KCI,
K2S04, hay NazSO4, s& hiru kha niang hoa tan tt trong nudc va tao thanh dung dich
Vo1 ap suit thAm thdu dic biét cao, cho phép hoat dong mot cach hi€u qua voi vai
trd dung dich 16i cudn ngay ca khi dong can xir 1y 1a nuéc bién [110]. Tuy nhién, do
kich thuéc ion phén ly twong d6i nho, cac chat 16i cudén dang mudi vé co thudong dé
xay ra hién tuong tham thdu nguoc qua mang, dong thoi qua trinh hoan nguyén
dung dich bi pha loang cua chung ciling thuong doi hoi muc ti€u thy nang luong
tuong ddi cao [64]. Boi vay, mudi vo co phan ly thanh ion don tri hién thuong chi
dugc st dung trong cac hé thong khir man khong can hoan nguyén dung dich 16i

cuon.

Nguoc lai, do s& hitu kich thudc phan tir twong dbi 16n, cac chit 161 cudn gdc
hitu co thuong khé tham thau nguoc qua mang hon, dong thoi dung dich 16i cubn
ctia ching ciing thuong doi hoi mirc ning lwong can tiéu thu dé hoan nguyén thap
hon. Béi vdy, cac chit 16i cudén goc hitu co hién dang 1 nhom chat 16i cudn duoc
nghién ctru nhidu nhét, ca trong quy mo phong thi nghiém va trong quy mo cong
nghi¢p [111-113]. Bang chu y, day ciing 1a dinh hudng chinh dugc Nghién cilru sinh
Iwa chon nghién ctru trong khudn kho ndi dung luan an nay.

Nhu d3 dé cip, dung dich 16i cubén khong chuyén pha thudng chi cé thé duoc
hoan nguyén thong qua phuong phép bay hoi nhiét hodc phuong phdp loc qua
mang. Tuy nhién, riéng trong linh vuc khir min san xuit nude ngot, phwong phap
bay hoi nhiét khong phai 1a mot cach tiép can hiéu qua, do mirc ning luong tiéu thy
va chat luong nude dau ra ciia phuong phap nay 13 khong qua khac biét so véi viée
cho bay hoi truc tiép ngudn nudc nhiém min can xur 1y [114]. Nguoc lai, phuong
phap loc qua mang thudng cung cap hiéu qua dic biét vuot troi ca vé mit ning
lugng tiéu thu ciing nhu chat luong nude dau ra, do phan 16n cac chat 16i cudn
khong dao pha thong thuong déu phan ly thanh nhimng ion véi kich thude phan tir
16n hon ion Na* va ion CI-, nho vay gitp giam thiéu dang ké hién tuong chat tan
tham thdu qua mang — ngay ca khi mang ban tham dugc sir dung c6 thich thuéc 16
x6p 16n hon so véi mang RO thong thuong [112]. Tuy vao ddc trung cua ting loai
dung dich 16i cudn, mét s6 phuong phap loc qua mang cé thé duoc Iya chon, bao
gém phuong phap mang RO ap suét thap (LPRO) [115-118], phuong phidp mang
NF [117,119-122], phuong phap mang siéu loc (UF) [123-127]...

Nam 2011, Yangali-Quintanilla va cong sy da danh gia hi€u qua cia phuong
phap loc qua mang RO ap suat thap (LPRO) trong viéc hoan nguyén dung dich 16i
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cudn bi pha lodng tir hé thdng khir min ¢mg dung céng nghé mang FO, va dua ra
két luan rang hé thong t6 hop FO-LPRO cho phép tiét kiém hon 60% lwong dién
ning can tiéu thu khi so sanh véi cac hé théng khir min tmg dung truc tiép cong
nghé mang RO [118]. Bén canh d6, khi chit 16i cuén 13 hop chat hitu co hoidc mubi
vO co phéan ly thanh ion da tri, thi cac phuong phap loc qua mang vai do chon loc
thip hon c6 thé duoc sir dung dé hoan nguyén cho dung dich 16i cudn bi pha lodng.
Uu diém cua cach tiép can nay 1a giup giam trd luc cia mang ban thim déi véi
nude thim thau, tir d6 giam thiéu mirc ning luong can tidu thu cho qué trinh hoan
nguyén so véi khi 4p dung phuong phap hoan nguyén bang mang RO thong thuong
(1én t6i 40%), trong khi van duy tri hiéu qua ngan chin su chuyén khdi cua chét tan

qua mang ban thim.

Tuy nhién, can luu ¥ rang trong moi trudng hop, muc dich cudi cing va quan
trong nhat cua tit ca moi hé thong khir min trén co s& cong nghé mang FO déu la
nhiam san xuit nudc sach voi chat lwong dép tng nhitng tiéu chuan k¥ thudt nhat
dinh dugc dat ra tuy thudc tung muc ti€u ung dung cu thé (vi du nudc sinh hoat,
nuéc dung cho canh tic néng nghiép). Boi vy, cac nha nghién ciru va k¥ su thiét
ké phai luén uu tién can nhic yéu td hiéu sut thu hoi chat 16i cubn khi lya chon
phuong phap hoan nguyén dung dich 16i cudn, trong khi yéu té mirc tidu thy ning
luong chi nén duge can nhic sau khi d3 hoan toan dam bao chat luong cta ngudn

nude dau ra.
1.3.2.3. Dung dich 16i cuén nano tir tinh

Nhu da dé cap, uu diém ndi bat caa dung dich 161 cudn chtra hat MNP 1a kha
ning hoan nguyén dudi tac dong cua tir trudng ngoai ma khong can sir dung bat ky
ngudn dong lic bod sung nao khac, nhd vy giup giam thiéu t6i da mie tiéu thu ning
luong cho qua trinh hoan nguyén dung dich 16i cudn [128]. Cu thé, cic hat MNP
dung lam chat 16i cuén thudng bao gém hai by phan chinh: phan 16i mang tir tinh
bén trong thudng c6 ban chat hod hoc 13 oxit sit tir Fe3Oa, va phin vo mong bao boc
bén ngoai c6 ban chat hoa hoc 12 nhitng phéi tir hiru co sd hitu dic trung wa nudc rat
manh. Do dac trung wa nudce rit manh cua phén vo bao boc bén ngoai, cac hat MNP
nay thudng dé dang phan tan trong nudc, tao thanh dung dich 16i cudn véi ap suat
thim thau twong ddi cao. Tuy nhién, do dic trung mang tir tinh ciia phan 15i bén
trong, sy phan bd trong dung dich cta cac hat MNP nay ciing chiu anh hudng nhat
dinh khi xuat hién mot tir trudng ngoai: ching s& di chuyén vé phia hai cuc cia tir
truong, hinh thanh nén nhimg ving nhét dinh trong thé tich dung dich véi nong do
cac hat MNP dac biét th?ip, hoac tham chi la gén nhu khong chira hat MNP. Khi

hién tuong trén xdy ra, nudc sach c6 thé dugc san xuat bang cach gan phan chat
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16ng khong chira hat MNP ra nham tach né khoi phan dung dich 16i cudn con phan
tan hat MNP [129].

Nhin chung, vu diém chinh cua loai dung dich 16i cuén ndy nam tai kich thudc
ctia cadc hat MNP: hat nano s& hiru kich thude du 1én dé han ché hién tuong tham
thiu nguoc qua mang ban thim cua chét 161 cudn, nhitng ciing du nho dé duy tri
dién tich bé mit riéng 16n, nhd vay cho phép mot lwong dang ké cac phan tir wa
nude co thé gén trén bé mat cta hat nano. Do do, dung dich 161 cudn chira hat MNP
c6 thé tao thanh ap suat tham thau rat cao, nhung dong thoi ciling khong yéu cau qua
nhiéu ning lugng dé hoan nguyén [107,130-139]. Nguoc lai, tré ngai chinh ngin
can kha ning ung dung cua hat MNP vao cac hé thong khir min trén co s cong
nghé mang FO quy mé cong nghiép 14 xu huéng két tu cua cac hat MNP sau nhiéu
chu ky hoan nguyén, ciing nhu hién tuong that thoat lién tuc cta 16p vo wa nude bén
ngoai hat MNP. Bai vay, dinh huéng nghién ctru quan trong nhat hién nay lién quan
dén loai dung dich 16i cudn nay chinh 14 xac dinh nhiing loai vat liéu phu hop nham
phuc vu cho viéc ché tao 16p vo wa nudc bén ngoai hat MNP — ching khéng chi
phai s¢ hitu tinh wa nudc manh, ma con can tao thanh lién két hoa hoc bén véi phén

151 sét tir va cung cap hiéu qua ngin chan hién tuong két tu ctia hat MNP.
1.3.2.4. Dung dich 16i cuén khéng hoan nguyén

Khong giéng véi hau hét nhitng phuong phap loc qua mang khac, trong phan
16n truong hop, cac hé thong khir min str dung cong nghé mang FO thuong khong
thé truc tiép san xuét nude sach. Thay vao do, dung dich 161 cubn bi pha loang can
tiép tuc dugc xtr Iy nhdm phan tach mot phan nudc sach va/hodc chat 16i cudn ra
khoi dung dich, nhd vdy tao thanh hiéu qua san xudt nudc sach va hoan nguyén
dung dich 16i cubén. Qua trinh xir 1y sau loc nay 1 céng doan doi hoi mire tiéu thu
ning luong cao nhat trong toan bd hé thdng khir man sir dung cong nghé mang FO,
bai vay néu khong can thiét phai hoan nguyén dung dich 16i cudn sau qua trinh sir
dung thi hiéu qua sir dung ning lugng chung cia toan bo hé théng s& duoc cai thién
v6 cung dang ké. Trén co sé hudng tiép can nay, nhiéu y tuéng di dugc dua ra
nham cho phép van dung tryc tiép dung dich 16i cudén bi pha lodng ma khong can

trai qua cong doan hoan nguyén dung dich 16i cuén [140-147].

Phuntsho va cong sy da khao sat tiém ning ung dung ctia mot sd t6 hop phan
bon vo co trong vai tro chat 16i cudén cho hé thong khir min nudc bién trén co s
cong nghé mang FO. Sau qua trinh van hanh, dung dich 16i cudn bi pha lodng s&
dugc tryc tiép st dung nham muc dich cung cip dinh dudng cho cay tréng néng

nghiép, ma hoan toan khong can trai qua cong doan hoan nguyén. Céc tac gia da chi
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ra rang, thong qua viéc két hop nhiéu loai phan bon khac nhau, thanh phan dinh
dudng c6 trong dung dich 16i cubn bi pha lodng s& tré nén can bang hon, nho vy
han ché nhu ciu phai diéu chinh ham luong dinh dudng cta né trude khi sir dung
[140,141].

Tuong tu, Bassiouny va cong su da khao sat anh huong cua viéc st dung dung
dich 16i cudn bi pha lodng chira thanh phan phan bon véi vai trdo ngudn cung cap
dinh dudng 1én hiéu qua canh tic rau xa lach bang cong nghé thuy canh. Két qua
nghién ctru cho thy, rau xa lach trong bang dung dich 16i cudn bi pha lodng c6 kich
thude va khéi luong trung binh thap hon so véi mau dbi chimg, mic du san luong
chung gitta hai nhém mau la twong duong nhau. Nguyén nhan dan t6i hién tuong
trén c6 thé 1a do sy thiéu can bang vé mat dinh dudng ciia dung dich 16i cubn bi pha
loang khi so sanh v4i1 dung dich dinh dudng tiéu chuan, boi dic trung tham thiu
nguoc qua mang ban tham cia timg loai ion trong dung dich 16i cudn 1a khac nhau,
dan t6i nhiing thay doi kho kiém soét lién quan dén ty 18 tuong dbi cia timg thanh

phan dinh dudng cu thé so v&i hdn hop chit tan ban dau [144].

Nam 1975, Kravath and Davis dd dé xuat mot thiét bi cung cip nudc ngot
khan cép tir nguoén nudc nhiém man sir dung cong nghé mang FO, véi dung dich 16i
cubn 1a mot dung dich bio hoa glucose. Sau khi nhung chim thiét bi nay vao ngudn
nude nhiém min trong khoang thoi gian nhét dinh, nguoi gap nan co thé sir dung
tryc tiép dung dich 16i cudn bi pha lodng nham bo sung nude va dudng chat cho co
thé [142]. Ngoai glucose, mot s loai dudng va hop chat mudi khoang khac ciing co
thé duoc bd sung vao thanh phan dung dich 16i cudn cia thiét bj cung cp nudc ngot
khan cdp nay nhim dap tng nhu ciu dinh dudng phu hop [146,147]. Tuy nhién, do
ndng d6 chit tan ban dau trong dung dich 16i cudn thudng twong ddi cao (can thiét
dé tao thanh 4p suat tham thau cao hon so véi ngudn nudc nhiém man can xu 1y),
nén dung dich 16i cudn sau pha loang van kha giau dudng chat va mudi khoang,
khong thich hop cho tiéu thy lau dai hay véi tu cach ngudn cung cap nudc ngot duy
nhat.

1.3.3. Hién twong phan cuc nong dd trong cic qua trinh thim thau

Gia trj thong lugng Jw trong cac qué trinh tham thdu qua mang phu thudc vao
mot s6 yéu to nhu dd mo ta tai Phwong trinh 1. Trong phuong trinh nay, gia tri An
biéu thi chénh léch ap sudt tham thau ty nhién giita hai dung dich tai hai phia cia
mang ban tham. Tuy nhién trén thyc té, chénh 1éch ap suit thAm thau tai hai phia
clia mang ban thim trong qué trinh van hanh cac hé théng mang tham thau thuong

ludn thap hon rat nhiéu so v&i chénh léch ap suat tham thau tinh toan theo 1y thuyét,
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khién cho thong luong Jw ciing thdp hon du kién [56,148]. Nguyén nhan dan t6i
tinh trang trén dugc xac dinh 1a bdi mot s6 hién tuong lién quan dén qué trinh
chuyén khdi qua mang, ma dang quan tdm nhat 13 hai loai hién twong phan cuc nong
d6 (CP), bao gdm hién tugng phan cuc ndng d6 ngoai mang (ECP) va hién tuong

phan cuc ndng d6 trong mang (ICP).
1.3.3.1. Hi¢n twong phén cwc néng dé ngoai mang

Trong cac qua trinh chuyén khéi qua mang dudi tic dung cta ap sut ngoai, vi
du qua trinh mang RO, thi cic phan tir nudc c6 thé dé dang di chuyén tir phia dong
can xur Iy sang phia bén kia ciia mang ban thim, con phan 16n cac phan tir chét tan
khac s€ dugc gitr lai b&d1 mang ban thdm, dan tGi su tich tu cua cac phan t chét tan
tai khu vuc ngay sat bé mit mang ban tham. Khi d6, ndong do cac chét tan tai khu
vuc ngay sat bé mit mang ban thdm sé& ting cao, din t&i 1am gia ting gia tri ap suét
thuy luc can tac dung 1én dong can xtr Iy nhdm vuot qua duoc trd luc giy ra boi
chénh I¢ch ap sudt thim thdu ty nhién cuc bd tai hai phia clia mang ban thadm
[149,150]. Hién tuong nay dugc goi la hién tuong phan cuc n6ng dd ngoai mang
(ECP) c¢b dic, va khong chi gii han xay ra trong cic qua trinh chuyén khéi qua
mang dudi tic dung cta ap sudt ngodi, ma con xdy ra trong cac qua trinh chuyén

khéi qua mang duéi tac dung cua ap suat tham thau, vi du qua trinh mang FO.

Dang chi ¥, trong cac qua trinh mang FO, sy dich chuyén cia phan tir nude
qua mang ban thim khoéng chi 1am ting néng do chat tan cuc b tai khu vuc ngay
sat bé mat mang ban tham bén phia dong can xir 1y, ma dong thdi nd con lam giam
néng do chat tan cuc bo tai khu vuc ngay sat bé mat mang ban thAdm bén phia dung
dich 16i cuén. Hién tuong nay ciing gop phan giy suy giam chénh 1éch ap suit thim
thiu ty nhién tai hai phia cia mang ban thim, anh hudng tiéu cuc dén hiéu qua
chuyén khdi cta nudc qua mang ban tham, va duoc goi la hién tugng phan cuc

noéng do ngoai mang (ECP) pha loang.

Nhin chung, anh huéng tiéu cyc cta hién twong ECP dbi véi cac qua trinh
chuyén khbi qua mang dudi tic dung cila ap suat tham thau c6 thé dugc han ché
thong qua tang luu lwong dau vao cua dong can xtr 1y va dong dung dich 16i cudn,
thong qua thiic day sy nhidu dong xay ra tai khu vuc ngay sat bé mat mang ban
tham, hodc thong qua diéu chinh gi4 trj thong lugng Jw [151]. Tuy nhién, trong cac
qua trinh mang FO, thong lugng Jw thudng chi phu thudc vao cac yéu to cb dinh 1a
ban chét ctia dong can xur 1y va ban chat caa dung dich 16i cubn, do vay viéc diéu
chinh gié trj thong luong Jw 1a twong d6i kho thuc hién [152]. Nguoc lai, do khong

sit dung ap sudt thuy luc 1am dong luc cho qua trinh chuyén khdi, nén tinh trang
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nhi®m ban va tic mang giy ra boi hién tuong ECP trong cac qué trinh mang FO
cling thuong kém nghiém trong hon so véi trong cac qua trinh mang RO. Mot sb
nghién ctru dd ching minh ring, hién twong ECP thuong déng vai trd khong qua
quan trong trong cic qua trinh chuyén khéi qua mang dudi tac dung cua ap suit,
bao gém cac qua trinh mang FO, va khong phai 13 nguyén nhan chinh dan t6i tinh
trang thong luong Jw thuc té thip hon so véi théng lugng Jw theo tinh toan Iy
thuyét trong cac qua trinh nay [80].

1.3.3.2. Hi¢n twong phéin cwc néng dé trong mang

Khi mét gradient ap suit tham thau duoc thiét 1ap qua tiét dién cia mot mang
ban tham hoan toan d6i xing (mang don 16p), nhu mé ta trong Hinh 1.5, thi dong
luc cho qua trinh chuyén khéi ctia nude chinh 1a sy chénh 1éch vé mit ap suat tham
thau tai hai bé mat cia mang thim — néu khong tinh dén anh hudng cua hién tuong
ECP. Tuy nhién, mang ban thim dung cho cac qua trinh mang FO lai thuong khong
d6i xtmg, khién cho hién twong phan cuc ndng d6 cang tré nén phirc tap hon.
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Hinh 1.5. Hién tuong phan cuc néng d6 trong mang xay ra trén mang ban tham bat
dbi xing

Khi mot mang ban tham bat dbi ximg bao gdm mdt 16p vat liéu trung gian xop

va mot 16p vat liéu loc véi kha nang chon loc tham thau cao duoc st dung trong qué
trinh chuyén khdi qua mang duéi tic dung ctia 4p suat tham thau, thi hai hién tugng
khac nhau c6 thé xay ra tuy thudc vao hudng tiép xtic ctia mang ban tham. Cu thé,
néu 16p trung gian clia mang ban tham tiép xtic truc tiép véi dong can xir 1y, nhu
trong cac qua trinh mang PRO, thi qué trinh chuyén khéi qua 16p loc s& dan t6i sy

tich luy cia cac phan tir chit tan bén trong 16p trung gian, tao thanh mot gradient
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ndng d6 tang dan doc theo tiét dién cua 16p trung gian. Hién tuong ndy duoc goi 1a
hién tuong ICP c6 dac. V& ban chit, nd tuong tu nhu hién twong ECP ¢6 dac, tuy
nhién lai xay ra bén trong 16p trung gian ciia mang ban thim, va boi viy khong thé

dugc khic phuc bang cach didu chinh ché d6 dong cua dong can xt 1y [80].

Nguoc lai, trong cac qué trinh mang FO phuc vu khtr min va san xut nuéc
sach, 16p trung gian cua mang ban thim thudng duoc cho tiép xtc truc tiép véi
dung dich 16i cudn, con 16p loc ciia mang ban tham thi duoc cho tiép xtc truc tiép
v6i dong can xir 1y. Khi cac phan tir nude tham thau qua 16p loc, mot gradient nong
d6 giam dan s& hinh thanh doc theo tiét dién cta 10p trung gian, tao thanh hién
tuong ICP pha loang.

Nhin chung, do hi¢n tugng ECP, gid tri chénh léch ap suit thAm thau qua
mang thyc té (Anm) thudng thip hon so véi gia tri chénh léch ap suat tham thau
theo tinh toan gitra dong can xu 1y va dung dich 16i cudn (Ambulk). Pong thoi, do
hién tuong ICP, gia tri chénh 1éch ap suat tham thiu qua mang hiéu qua (Aneff)
cling lai cang thap hon so véi gia tri chénh 1éch ap suat tham thau qua mang thuc té.
Bén canh do, tuong tu nhu trong cac hé théng trao ddi nhiét, viéc van hanh hé théng
mang FO theo ché d6 dong vao nguoc chiéu (dong can xir Iy va dong dung dich 16i
cudn chay song song nhung nguoc chiéu tai hai phia cia mang ban thim) s& gitp
cung cip chénh léch 4p suit thim thdu An 6n dinh doc theo toan bd chiéu dai mang

ban thim, hd tro qua trinh chuyén khéi ciia nudc dién ra hiéu qua hon [153].
1.3.4. Cac yéu to diéu kién van hanh

Bén canh yéu t6 d6 min cua dong can xir Iy va ndéng d6 cia dung dich 16i
cudn, cling ton tai mot sb yéu td diéu kién van hanh khéac c6 thé anh huong dang ké
dén hiéu qua cua cac qua trinh mang FO, vi du nhiét d6 va luu luong cac dong dau
Va0... Viéc t6i uu hoa nhitng diéu kién van hanh nay 1a mot budc can thiét nham
nang cao hiéu qua hoat dong ctia moi hé théng khir man ing dung cong nghé mang
FO.
1.3.4.1. Nhiét dp dong dau vao

Bén canh d6 man cia dong can xur ly va n6ng dd cua dung dich 161 cudn, nhiét
d6 1a mot trong nhiing thong s6 diéu kién van hanh quan trong nhit, c6 kha niang
anh hudng dén nhiéu tinh chat hoa 1y ciia ca dung dich 16i cudn 1dn dong can xir 1y
[154], boi vay anh huong dén cac dic trung théng luong Jw [155], thong luong Js
[156], cling nhu mirc dd gdy nhiém ban mang cua hé théng mang FO [157].

Cu thé, theo Wang va cong su thi khi nhiét d§ ctia dung dich tang cao, do



29

nhét ciia dung dich ciing thudng giam thip, déng thoi hiéu qua khuéch tan cia cac
thanh phan bén trong dung dich — bao gdm ca chit tan va dung moi — cling s& dugc
cai thién dang ké. Bén canh tac dong tryc tiép 1én thong luong Jw, hai yéu té nay
cling mang dén tac dung han ché nhirng anh hudng tiéu cuc gy ra boi hién tuong
phan cuc nong do ICP va ECP [158]. Hién tugng phan cuc ndng do cuc bé chinh 1a
mot yéu té quan trong khién cho théng lwong Jw trong cac hé théng tmg dung cong
nghé mang FO noi chung thudng thip hon dang ké so voi gia tri twong timg dugc
tinh toan dya theo cong thirc 1y thuyét.

Két qua nghién ctru ctia Phuntsho va cong su chi ra réing, khi tang nhiét do
ctia ca dong can xtr 1y va dung dich 16i cudn tir 25 °C 1an luot 1én dén 35 °C va 45
°C, thi gia tri thong lugng Jw ciling tang lan luot 12,3% va 45,4%. Bén canh do,
hiéu qua cai thién théng lwong Jw khi ting nhiét d6 cta dong can xu 1y va dung
dich 16i cudn tir 35 °C 1én dén 45 °C duoc xac dinh 1a cao hon gip ddi so voi khi
tang nhiét do cua dong can xir Iy va dung dich 16i cubn tir 25 °C 1én dén 35 °C.
Pong thoi, hiéu qua cai thién nay ciing trd nén rd rang hon tai cdc ngudng ndng do
dung dich 161 cudn cao hon. Pic biét, Phuntsho va cong su ciling phat hién réng,
viéc chi gia nhiét cho phia dung dich 16i cuén thuong dem dén hiéu qua cai thién
thong lwong Jw vuot troi so véi viée chi gia nhiét cho dong can xir 1y. Két qua nay
gitip chimg minh ring, cac dic trung nhiét dong ctia dung dich 16i cudn ton tai anh
huong dang ké dén hiéu qua van hanh cua hé thong khir min tng dung céng nghé
mang FO [154].

Két qua tuong tu cling dugc rat ra boi Chanukya va cong sy khi khao sat dac
trung 161 cudn ciia mudi amoni bicacbonat. Cu thé, khi nhiét d6 van hanh cua dong
can xur Iy va dung dich 16i cuén ting tir 30 °C 1én dén 60 °C, thi gi trj thong luong
Jw ciing ting 1én trong khoang 23,1% — 53,8% (khi dong can xtr 1y 1an luot 1a nuée
cat va nudc bién). Theo cac tac gia, hién tuong nay cé thé duoc gii thich théng qua
phuong trinh Wilke—Chang, trong d6 hé sé khuéch tan cia mot chat tan dugc tinh
toan ty 1& thuan voi nhiét do tuyét doi va ty 18 nghich véi d6 nhét cua dung dich
[159]. Boi vdy, ap suat tham thiu cua dung dich thuong tré nén cao hon khi ting
nhiét d6 cta dung dich. Trén co s& d6, cac tac gia cling ching minh duoc rang, viée
chi ting nhiét d6 phia dung dich 16i cudn sé& gitip tao thanh dong luc chuyén khoi
16n hon cho qué trinh mang FO — ma cuy thé 1a gitp nang cao gia tri chénh léch 4p
suat tham thau tu nhién giita dung dich 16i cuén va dong can xir 1y — so véi viéc
tang nhiét do tai ca hai phia ciia mang ban thim. Diéu nay khong chi cai thién hiéu
qua san xuat nudc ngot ndi chung, ma ddng thdi con giup giam thiéu muc tiéu thu

nang luong can thi€ét nham phuc vu cong tdc van hanh cac h¢ thong khir man ung
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dung cong nghé mang FO [160].

Nematzadeh va cong su cho rﬁng, nhiét d0 van hanh s€ anh huong manh hon
dén thong luong Jw néu chit 16i cudn 1a cac loai mubi vo co c6 kha ning phan ly tot
trong dung dich, bai nhiét d6 13 mot yéu td anh huong dén dic trung phén ly cua
cac ion trong dung dich. Tuy nhién, cling can luu ¥ ring, viéc ting nhiét do van
hanh khéng chi giup cai thién kha ning chuyén khdi qua mang ban tham cua nudc,
ma con goép phin 1am ting kha ning thim thiu ngugc cua chat 16i cudn, dan dén
giam hiéu qua van hanh ciing nhu hiéu qua kinh té chung cua toan bo hé théng.
Lién quan dén van dé nay, anh hudng cia diéu kién nhiét d6 van hanh thudng 16n
hon d6i voi nhitng chét 16i cubn so hiru kich thudc phan tir va/hodc ion phéan ly
tuong ddi nho, béi tré luc ty nhién ma mang ban thdm gay ra cho nhimg phan tir
hay ion nay ciing thip hon déng ké so véi trd luc tu nhién ma mang ban tham giy ra
cho nhirng phan tir hay ion s& hitu kich thuée 16n hon [156]. Két luan tuwong tu ciing

duogc dua ra boi Zhao va cong su [161].

Tuy nhién, bén canh nhitng tac dong 1én thong luvong Jw va thong luong Js, thi
anh hudong ciia diéu kién nhiét d6 van hanh d6i v6i ddc trung nhidm ban ciia mang
ban tham ciing 1a mot yéu td dang dugc quan tim. Nhiéu nghién ctru di chi ra rang,
diéu kién nhiét d6 van hanh cao c6 thé gitp lam giam dg nhadt ctia dung dich cling
nhu han ché hién twrong phan cuc ndng do cuc bd bén trong va bén ngoai mang béan
thAm, nho vay goép phan 1am giam mirc do nghiém trong ctia hién twong nhiém ban
gdy ra boi ca dung dich 16i cudn va dong nudc dau vao [157,162]. Cu thé, khao sat
thuc té dbi voi hai ngudn gay nhidm ban hitu co moé phong 13 axit humic va mudi
alginat cho thdy, khi ting diéu kién nhiét d6 van hanh thi 16p cin hitu co hinh thanh
sau qué trinh van hanh lau dai s& tr& nén mong va xdp hon, nho vdy han ché anh
huong tiéu cuc cua nd 1én thong luong Jw, ciing nhu cho phép vé sinh mang dé

dang va hi¢u qua hon.

Hién tugng trén c6 thé duoc giai thich 1a do tai diéu kién nhiét do cao, cac chat
tan thuong tan t6t hon trong dung méi, nhd vay gitp giam thiéu sy lang cin gay ra
boi tinh trang phan cuc n@)ng do cuc bd gr:in khu vuc bé mit cua mang ban tham.
Bén canh d6, khi luu luong dong nudce tham thau qua mang ting cao thi ciu triic
ctia 16p can lang trén bé mit ciia mang ciing chiu anh huong dang ké — 16p cin nay
bam dinh kém hon 1én bé mat ciia mang, dong thoi ciing tré nén x6p hon, khong
nhitng cho phép vé sinh mang dé dang hon, ma con kém hiéu qua hon trong viéc
han ché su chuyén khdi ciia phan tir nuéc qua mang ban thim [157]. Pic biét, Kim
va cong sy con chi ra rang trong nhiéu trudng hop, viée ting nhiét d6 cia dong can

xtr 1y thuong khong anh huong dén dic trung nhidém ban mang, do diéu kién nhiét
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dd cao s€ thuc day qua trinh chuyén khoi ctia ca nude va cac chat tan, khién cho cac

chét tan c6 xu hudng ling cin lai trén bé mit cia mang nhiéu hon [162].

Nhin chung, cé thé théy duoc diéu kién nhiét 36 van hanh c6 thé anh huong
dén qua trinh van hanh hé thong khir min Gng dung cong nghé mang FO theo

nhitng khia canh sau:

e Khi ting nhiét d6 phia dung dich 16i cudn (ma khong ting nhiét do phia
dong can xir 1y) thi thong luong Jw s& dugc cai thién dang ké, nhung dong thoi
cling ton tai tic dong tiéu cuc 13 lam gia ting thong lwong Js va thuc ddy hién tuong

nhiém ban mang gay ra baoi chat 161 cuon.

e Khi ting nhiét do phia dong can xtr 1y (ma khong ting nhiét do phia dung
dich 16i cudn) thi thong lwong Jw thuong khong thay doi dang ké, nhung dong thoi
thuc lai ddy dang ké hién tuong nhiém ban mang gy ra boi cac thanh phan chét tan

ton tai trong dong can xu 1y, ciing nhu 1am gia tang thong luong Js.
1.3.4.2. Téc dp dong diu vao

Tuong ty nhu diéu kién nhiét 46 dong dau vao, téc d6 dong dau vao ciing 1a
mot trong nhitng thong sb quan trong c6 kha ning anh huéng dén cac dic trung
thong luong Jw [163], thong luong Js [164], va muc d6 giy nhiém ban mang cua hé
théng mang FO [165].

Hau va cong su da khao sat anh huong cua téc d6 dong 1én thong luong Jw,
khi chat 16i cudn duoc sir dung 1a mubi EDTA-Na. Két qua nghién ctru cho thay,
khi tbc d6 dong cua dong can xur 1y va dung dich 16i cudn dong thoi ting tir 62
cm/phut 1én dén 385 cm/phut thi gid tri thong luong Jw ciing ting twong Ung, tir
6,13 LMH 1én dén 7,12 LMH. Nguyén nhan dan t6i hién tugng nay co thé 1a do
viéc ting tbc d6 dong chay s& giup han ché hién tuong ting/giam nong do cuc bd
ctia cac dung dich tai khu vuc gin bé mit mang ban thim (gdy ra boi sy chuyén
khéi cia nuéc qua mang), nho vay gitp duy tri chénh léch thuc té vé ap sudt thim
thiu giita hai phia ciia mang ban tham gan v&i gia tri theo 1y thuyét hon. Diéu nay
cho phép qua trinh chuyén khdi ciia nudc qua mang dién ra mot cach on dinh va
hiéu qua hon [166].

Jung va cong sy da thyc hién khao sat sdu hon lién quan dén van dé anh hudng
ctia ché do dong chay 1én hiéu qua hoat dong cua cac hé thong mang FO. Két qua
nghién ctru cho thay, khi luu luong ctia dong can xir 1y ting tir 10 mL/phut dén
3.000 mL/phut (luu luong cta dung dich 16i cudn khong d6i) thi tbe 6 dong nude
thim thiu qua mang ciing ting twong Ung, tir 3,43 m/s 1én t6i 4,16 m/s, tuy nhién
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hiéu sudt tham thau chung cta hé thng lai giam tir 40,98% xudng con 0,17%. Dang
chu ¥, téc d6 dong nudc thim thdu qua mang ting manh nhét khi lvu luong cua
dong can xir Iy ting trong khoang gia tri 10 — 100 mL/phit. Theo cac tac gia, khi
lru lugng cua dong can xu 1y gia ting thi hé sd chuyén khdi k ciing s& duoc cai
thién, nhd vay giap han ché anh huéng tiéu cuc giy ra boi tinh trang ECP. Tuy
nhién, hiéu qua nay chi thuc sy dang ké trong nhitng khoang luu luong cua dong
can xir Iy nhit dinh — tai nhitng ngudng luu lrong ctia dong can xir 1y cao hon, ning
luong can cung cdp cho hé thong bom s& trd nén qua 16n, trong khi tic dung ting
cudng hiéu suat cho toan bd qué trinh san xuit nude sach s& khong con dang ké nira
[167].

Tuy nhién, ciing can luu ¥ rang, téc d6 dong qua cao c6 thé din toi su thay dbi
vé mit ché do dong chay bén trong hé thong thiét bi mang FO, tir 46 gdy anh huong
ti€u cuc 1én kha nang chuyén khdi ctia nude qua mang ban thadm. Cu thé, khi téc do
dong ting 1én qua cao thi dong chat 1ong di chuyén bén trong hé théng thiét bi mang
FO sé& chuyén tir ché do chay rdi sang ché d6 chay dong — trong truong hop nay,
dong chét 1ong tuan hoan di chuyén véi tdc d6 nhanh s& chay song song voi bé mat
mang ban thim, ma khong tao thanh hiéu qua khudy tron ddi voi phan dung dich
nam ngay sat bé mit mang ban thim. Diéu nay din dén hién tuong phan cuc nong
do cuc bo tai khu vuc gén bé mit va bén trong mang ban tham, 1am gidm dong luc
cho qua trinh chuyén khdi ctia nudc qua mang. Anh huong nay la dic biét rd rang
khi thay d6i Iuu lugng dong phia dung dich 16i cuén, do ndng do chat tan va do nhét
cta dung dich 16i cudn thudng cao hon dang ké so voi dong nudc nhim min can
xu 1y [164].

Co ché tuong tu ciing c6 thé dugc sir dung nham giai thich cho anh huong cua
tbc do dong 1én thong lwong Js va muic dd gy nhidm ban mang cta hé théng mang
FO. Cu thé, viéc tang tbc d6 dong dén mot ngudng gia tri nhat dinh sé& dem lai tac
dung thic day cic qua trinh chuyén khéi bén trong hé thong thiét bi mang FO, dong
thoi han ché su hinh thanh cua cac vung phan cuc néng dd cuc by, nho vay giup
lam giam muc d6 hinh thanh cin ban trén bé mat cling nhu bén trong mang béan
thim, nhung lai 1am tang gi tri thong lugng Js. Tuy nhién, néu téc do dong tang lén
qua cao thi dong chat 1ong di chuyén bén trong hé thong thiét bi mang FO s& chuyén
tir ché do chay rdi sang ché do chay dong, khién cho tinh trang phan cuc noéng do
cuc bo tai khu vyc xung quanh bé mat cta mang ban thdm tré nén nghiém trong
hon. Piéu nay s& gop phan han ché hién tuong chat 16i cudn tham thdu nguoc qua
mang, nhung dong thoi cling lam gia ting mac do hinh thanh cin ban trén bé mat

cling nhu bén trong mang ban thidm [155,168]. Ngoai ra, ciing cin luu ¥ ring viéc
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diéu chinh téc do dong cp vao thiét bi ciing anh hudng dén hiéu suit tiéu thu ning
luong chung cua toan bo hé théng, cling nhu anh huodng dén su chénh léch vé mat

ap suat thuy tinh gitta hai phia ciia mang ban tham [169].
1.3.4.3. Huwéng chdy twong déi giita dong can xir Iy va dung dich 16i cuon

Thong thuong, cac hé thdng khir min tng dung céng nghé mang FO c6 thé
duogc lap dit theo mot trong hai ché d6 sau dya trén hudng chay twong dbi cia dong
can xir 1y va dung dich 16i cudn: ché d6 dong nguoc chiéu, va ché d6 dong cung
chidu. Cu thé, trong ché do dong cing chiéu thi dong can xir 1y va dung dich 16i
cudn sé& di chuyén theo cing mot hudng, con ché do dong nguoc chiéu thi dong can
xtr Iy va dung dich 16i cudn sé& di chuyén theo hai hudng hoan toan ngugc nhau. Do
qua trinh chuyén khdi ctia nuéc qua mang ban tham dién ra lién tuc doc theo toan
bd chiéu dai cua thiét bi mang FO, nén viéc lya chon hudng chay tuong ddi gifra
dong can xir Iy va dung dich 16i cudn s& anh huong dén su chénh 1éch ap sut thim
thau tai nhiing vi tri khac nhau trén toan b dién tich bé mat mang ban tham, boi

vy anh huong dén dong luc cua cic qua trinh chuyén khéi [170].

Cu thé hon, trong ché do dong cung chiéu, sy chénh 1éch vé mit ap suét thAm
thau tu nhién giita hai dung dich s& 13 16n nhat tai diém chung di vao hé thi nghiém
mang FO, va giam dan cho t6i diém chung di ra khoi hé thi nghiém. Nguoc lai,
trong ché do dong nguoc chiéu, su chénh léch vé& mit ap suét thAm thau tuy nhién
giita hai dung dich s& duy tri twong ddi 6n dinh sudt chiéu dai hé thi nghiém mang
FO (Hinh 1.6). Nhin chung, su chénh léch vé mit 4p suat tham thau tir nhién duy tri
on dinh s& 1 ¢6 loi hon, do tranh duogc nhiing hién tugng ti€u cuc gay can tro dén
qua trinh thadm thau ctia nudc qua mang nhu hién tuong phan cuc néng do cuc bo,
hay sy gidm dot ngot dong luc thadm thau do luc can ty nhién tir mang ban tham.
Tuy nhién, trong phan 16n truong hop, anh hudng cia hudng chay twong dbi giira
dong can xir 1y va dung dich 16i cubn 1én thong luong Jw, thong lugng Js, cling nhur
mirc d6 gay nhiém ban mang cia hé thong mang FO 1a khong quéa dang ké. Nguyén
nhan 1a do, kich thudc cia cac hé thong thiét bi mang FO thuong twong ddi nho, do
vay su thay doi vé mat néng dd dung dich doc theo chiéu dai mang ban thadm 1a
khong quéa déang ké — dic biét 1a tai nhimg ngudng téc d6 dong cip vao twong dbi
cao [171].
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Hinh 1.6. Anh hudéng ciia huéng dong chay Ién su chénh léch nong d6 dung dich
hai phia cia mang ban thim

1.4. NHIEM BAN MANG, CAC PHUONG PHAP KIEM SOAT VA KHAC
PHUC NHIEM BAN MANG

1.4.1. Nhiém ban mang

Nhiém ban mang 1a mot hién twong thuong xay ra trong cac qué trinh loc qua
mang, bao gém ca cac qua trinh tng dung cong nghé mang FO, giy anh hudng tiéu
cuc dén hiéu quéa van hanh cua toan b hé théng thiét bi. Mot cach co ban nhat,
nhiém bén mang duoc dinh nghia 1a hi¢n tugng léng dong hat huyén phu, hodc hat
keo, hodc dai phan tir ban chét hitu co, hodc hop chit vo co kho tan, hodc sinh khdi
vi sinh vét, hodc hdn hop cia nhitng yéu t6 gy nhiém ban nay trén bé mat hay thim
chi 1a bén trong cdu trac ciia mang ban tham [172]. Hién tuong nhiém ban mang
khong chi gay suy giam thong luong Jw, hiéu suat thu hdi nude sach, cling nhu chat
luong dong nudce dau ra, ma con lam ting chi phi van hanh ciia hé thong mang FO
va rat ngan tudi tho ctia mang ban thim. Nhiéu nghién ctru di chi ra rang, co ché
gay nhidm ban mang lién quan dén hang loat yéu té twong dbi phirc tap, bao gdm
tuong tac hod hoc giita cac thanh phan chét tan trong dong cin xu 1y va dung dich
16i cubn, nhitng yéu t6 thuy dong xay ra bén trong thiét bi loc qua mang, ciing nhu

nhirng dic trung riéng cua mang ban thim [173].

Nhin chung, tai phia 16p loc cia mang ban thim, hién tuong nhiém ban mang
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xay ra khi cac thanh phan giy nhidm ban mang ling dong truc tiép 1én bé mit cta
mang ban tham, hinh thanh nén 16p cin giy can trd qua trinh chuyén khdi cua nuée
qua mang. Co ché nhiém ban nay thuong dwgc goi 1a nhiém bin ngoai mang
[174]. Nguoc lai, tai phia 16p trung gian hodc 16p nén ctia mang ban thdm, hién
tuong nhiém ban thuong xay ra theo co ché phuc tap hon, bai cac thanh phan giy
nhim ban mang co6 thé ling dong ca trén bé mit 13n bén trong cAu triic cia mang
ban tham. Cu thé, khi kich thuéc cac hat gdy nhiém ban mang twong d6i nhd, chung
c6 thé tién vao bén trong cau tric 16 xdp cta mang ban tham, sau d6 dugc hip phu
1én bé mat thanh cta nhirng cau trac 10 xép nay, hoac cudi cung dugc gilr lai tai mat
sau cua 16p loc (phia 16p loc tiép xuc véi 16p trung gian). Co ché nhiém ban nay
thuong duge goi 1a nhiém bén trong mang, va cé thé dan t6i tinh trang “tic 18
x6p” — cau tric 16 x6p dong vai tro kénh chuyén khdi qua 16p trung gian cia mang
ban tham bi lap day boi cac thanh phan cin ban, gdy anh hudng nghiém trong dén
kha niang thim thiu cia nudc qua mang ban thdm. Khi xay ra tinh trang “tic 15
x6p”, hodc khi kich thudc cac hat gy nhiém ban mang twong ddi 16n, thi cac hat
gay nhiém ban mang sé tiép tuc ling dong trén bé mit cia mang ban tham, dan toi
hién twong nhiém ban ngoai mang (Hinh 1.7, phai) [175].

Hinh 1.7. Co ché nhiém ban ngoai mang (trai), va co ché nhiém ban trong mang
(phai)

Do chi xdy ra trén bé mit clia mang ban tham, nén hién twong nhiém ban

ngoai mang thudng twong d6i dé khic phuc thong qua viéc tdi vu hoa cac diéu kién
thuy dong cua dong can xir 1y va dung dich 16i cudn, vi du ting luu luong dong vao,
bd sung tAm ngan, sir dung dong bién tdc, khir cin ling bang khi... [176,177] Bén
canh do, khac voi trong cac hé théng mang RO, boi khong ton tai tac dong nén ép
dén tir ap suét lyc nén 16p can ban hinh thanh trén bé mit mang FO ciing thuong
x6p hon va c6 thé dé dang dugc loai bo thong qua cac phuong phap lam sach vat 1y
don gian [178].

Nguoc lai, nguyén nhan dan t&i hién tuong nhiém ban trong mang thudng 1a
céc thanh phan cin ban c6 trong dong can xur 1y, nén trong phan 16n cac hé thong

khtr man ung dung cong nghé mang FO, 16p loc cua mang thuong duoc dugc dat
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huéng vé phia dong can xir Iy nhdm muc dich han ché hién trong nhiém ban trong
mang, mic du diéu nay c6 thé 1am nghiém trong hon hién tuong phan cuc ndng do
trong mang (ICP) [179]. S& di nhu viy, 13 do ban thin 16p cin ban bam bén trong
cAu tric cia mang cling cé thé tao thanh tré lyc dic biét 16n cho su chuyén khéi cua
nuéc qua mang, dong thoi ching ciing thudng rat khé dwoc 1am sach ngay ca bang

phuong phap dong thau rira nguoc [180].

Nhin chung, hién trgng nhiém ban mang c6 thé anh huéng dén hiéu qua hoat
dong cua cac hé théng thiét bi khir man trén co sé cong nghé mang FO thong qua

nhirng co ché chinh nhu sau [181]:

e Lam ting sirc can thuy lwe ciia mang ban thim. Ban than 16p cin ling so
hitu strc can thuy luc nhat dinh, khi bam trén bé mit cua mang ban thAm sé& 1am tang
strc can thuy lyc chung cua toan bd mang ban thdm, gdy anh hudng tiéu cuc dén kha
nang tham thiu ctia nudc qua mang. Boi vy, trong trudng hop mang bi nhiém ban,
gia tri thong luwong Jw s& trd nén thip hon so véi khi mang khong bi nhidém ban.
Mirc d6 nghiém trong ctia hién tuong nay dugc quyét dinh boi cau tric cia 16p cin
ling, do d6 phu thudc chu yéu vao ban chit hoa hoc ctia cac chit gay nhiém ban va
tuong tac hod hoc giita cac chit gay nhiém ban — bao gdm chat 16i cudn, cling nhu

thanh phan chat tan va hat ran huyén phu trong dong can xtr 1y.

e Gay ra hién twong phan cwe ndng dd cuc bd. Sy ton tai cua 16p cin ling
c6 thé 1am giam kha nang khuéch tan cac chéat tan nam gan khu vyc bé mat cua
mang ban tham tré lai dong can xir 1y, tao thanh nhitng ving phan cuc nong do cuc
b tai khu vuc gan bé mit cia mang ban thim. Hién twong phan cuc ndng do cuc bd
s& lam giam dong luc cho qua trinh chuyén khdi cia nudc qua mang ban thim, boi

vay dan téi su suy gidm thong luong Jw.

e Lam thay d6i dic tinh ciia mang. Trong mot s6 trudng hop, su ton tai cua
16p can lang c6 thé din t6i nhimng thay doi lién quan dén kha ning tuong tac gitra
mang ban thAm va nudc, béi vay lam giam thong lwong Jw. Tuy nhién, trong mot s6
truong hop ca biét, hién tuong nhiém ban trong mang cé thé lam giam kich thuéc 18
x6p thudc 16p trung gian cliia mang ban tham, nhd vay giup mang ban thim ngin
chan hiéu qua hon su chuyén khdi cua nhiing chét tan s& hitu kich thude phan tur
trong doi 16n, dic biét 1a cac chit 161 cudn (do 16p trung gian ctia mang ban thim
thuong duoc dit huéng vé phia dung dich 16i cudn). Chinh do hién twong nay, nén
trong mot sd truong hop c6 thé quan sat thiy sy cai thién cia théng luong Jw khi

mang ban thdm dang bi nhidm ban chua qua nghiém trong.

Bén canh phuong phap phan loai dwa trén vi tri hinh thanh cin ling nhu da
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trinh bay phia trén, hién twong nhiém ban mang ciing c6 thé dugc phan loai dya trén
ban chit hoa hoc cta tic nhan gy nhidm ban mang, ma cu thé bao gém: nhidm ban
hat keo, nhiém ban hiru co, nhiém ban v6 co, va nhidm ban sinh hoc [182]. Trong
phan 16n trudng hop, hién trong nhiém ban mang duoc gy ra boi su két hop cia
nhiéu loai tac nhan gdy nhidm ban khac nhau. Tuy nhién, do co ché hinh thanh nén
16p can ling chira nhiéu loai tac nhan giy nhidm ban khac nhau 13 twong ddi phirc
tap, nén hién nay phan 16n nghién ctru déu chi tap trung vao timg ddi twong tac nhin

gay nhiém ban cu thé.
1.4.2. Cac phwong phap kiém soat nhiém ban mang

Nhu d3 dé cap, tdn tai nhiéu yéu td khac nhau anh huong dén tinh trang nhiém
ban mang trong cac hé thong tmg dung cong nghé mang FO, bao gdm: thanh phan
va dic trung hoa hoc cua dong can xir Iy [182-184], thanh phan va dic trung hoa
hoc ctia dung dich 16i cuén [174,175,185,186], ban chét hoa hoc, cu trac, va tinh
chét ciia mang ban thim [75,182,187], huéng dit mang ban thim [188], ciling nhu
mot s6 yéu td didu kién van hanh [162,175,179,182,185,189]. Boi vay, dé cé thé
kiém soat hién tugng nhiém ban mang, can thiét phai tién hanh tiép can trén co so

nhitng khia canh nay.
1.4.2.1. Phwong phdp tién xir Iy dong can xir Iy

Trong phan 16n truong hop, hién twong nhiém ban mang thudng xay ra
nghiém trong hon tai phia dong can xir Iy, boi dong can xr Iy thudng chtra nhidu
thanh phan chat tan twong ddi phtc tap va khé kiém soat. Do do, viéc tién hanh tién
xtr Iy mot cach phu hop dbi véi dong can xtr 1y hoan toan c6 thé dem lai tac dung
han ché dang ké ddi v6i hién tuong nhiém ban mang va gitip cai thién hiéu qua van
hanh chung cta toan bd hé théng mang FO.

Cu thé, muc tiéu cta viéc tién hanh tién xu Iy ddi voi dong can xur ly 1a nham
loai bé mot cach tdi da cac tac nhan gay nhiém ban mang dang ton tai bén trong
dong can xir 1y, cling nhu diéu chinh cac dic trung hoa hoc quan trong cua dong can
xtr 1y. Qua trinh tién xir Iy d6i véi dong can xir 1y co6 thé bao gdm nhiéu bude khac
nhau, mdi budc tién xir ly duoc thiét ké nham loai bé mot hay mot s6 tac nhan gay
nhiém ban mang nhét dinh. Trong do, budc loc thd thuong duoc thuc hi¢n nham
loai bod cac thanh phan chit ran khong hoa tan s& hitu kich thudc hat twong ddi 16n,
Khoang trén 1 pm. Mot hé thong loc thd thuong dugc thiét ké bao gdm nhiéu 16p vat
lidu loc khac nhau nham tach cac thanh phan chét ran khong hoa tan khoi dong can
xtr 1y theo kich thudc hat giam dan, vi du bat dau bang 16p cat, sau d6 dén 16p than
bun, 16p dat sét no, 10p soi thuy tinh, 16p than hoat tinh... [189] Tiép theo, budc xir
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1y keo tu va léng can thuong dugc thuc hién nham loai bo cac thanh phﬁn chét ran
khong hoa tan s¢ hitu kich thudc hat nhé hon (khoang dudi 1 um), cling nhu cac
thanh phan giy nhidm ban dang hat keo. M6t sd tac nhan keo tu thudng duge st

dung bao gom phén chua va mudi sit [190].

Bén canh cac thanh phan chit rin khong hoa tan, thi cac thanh phan chit tan
s¢ hitu kich thudce phan tir trong dbi 16n, cac hat keo s hiru kich thuong twong ddi
nho, cling nhu cac té bao vi khudn, vi nAm, va vi tdo cling co thé duoc loai bé khoi
dong can xur Iy thong qua budc loc tinh sir dung mang siéu loc, hodc loc qua mang
kich thudc micro [191,192]. Hiéu qua loai bo cac tac nhan gdy nhiém ban mang cia
bude loc tinh phu thudc chi yéu vao thanh phan cac tac nhan gy nhiém ban mang
ton tai trong dong can xtr 1y, ciing nhu kich thuéc 16 x6p ctiia mang loc tinh duoc sir
dung. Cu thé, phan 16n mang sé hitu kha ning loc kich thudc micro hién nay déu
cho phép loai bo cac thanh phan hat chat ran véi kich thudce dén 0,1 um, trong khi
mang siéu loc thi cho phép loai b cac phéan tir v6i kich thude dén 1 kDa [193].
Ngoai ra, phuwong phap trao d6i ion va phwong phap axit hoa ciing c6 thé dugc sir
dung nham xu 1y mot sb tac nhan gay nhiém ban mang gbc vo co, hodc mot sd tac

nhan gay nhiém ban mang véi ban chit hat keo nhat dinh [190,194].

Bén canh viéc loai bo céc tac nhan gay nhiém ban mang, thi qua trinh tién xir
1y cling c6 thé dugc thuc hién nham t6i vu hoa mét s dic trung hod hoc quan trong
ctia dong can xtr ly, ddc biét 1a thanh phan dinh dudng phu hop cho su sinh truéng
ctia vi khudn, vi nim, va vi tio. Nhiing yéu t6 nhu do pH, luc phén ly ion, ty 1é timg
loai ion cu thé... co thé anh huéng dang ké dén dic trung tuong tac giita cic tac
nhan giy nhiém ban mang vdi nhau, cling nhu giita cic tac nhan gdy nhiém ban
mang v6i bé mit ciia mang ban thim. Cu thé, phuong phéap axit hoa dong can xt 1y
rat thuong duoc str dung nham kiém soat tinh trang ling cin trén bé mat mang noi
riéng, cling nhu trong toan b hé thong thiét bi khir man néi chung, ctia cac hop chat
v6 co mang tinh kiém nhu CaCOs hay Cas(POs)2 [195]. Tuong ty, nhiéu phuong
phap nham lam giam do cing cua dong can xir 1y (thong qua loai bé mot phan hozc
hoan toan ion Ca?* va ion Mg?") ciing dugc ching minh 13 c¢6 thé gitp giam thiéu
tinh trang nhiém ban mang do cac tac nhan v co, hiru co, cling nhu sinh hoc [184].
Mot s6 phuong phap phd bién thuong dugc sir dung nham lam giam do cimg cia
dong can xir Iy bao gdm phuong phap trao d6i ion, phuong phép két tiia/keo tu dién
truong, phuong phap két tiia bang cach bo sung ion dong két tua... [196-198]

Sy ton tai ctia cac thanh phan dinh dudng 13 mot yéu té quan trong anh hudng
dén kha ning sinh trudng cua vi khuan, vi tdo, va vi nim, cling nhu kha ning hinh

thanh cua 16p “mang sinh hoc” bao pht trén bé mit cia mang ban thim. Theo nhiéu
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két qua nghién ctru di duoc cong bd, viée bd sung cac phu gia chdng ling cin vao
dong can xtr 1y nham kiém soat tinh trang nhi®m ban do cin ling vo co, trong mot
s6 trudng hop, co thé 1am nghiém trong thém tinh trang nhiém ban hitu co, hoic
tinh trang nhidm ban do tic nhan sinh hoc. Nguyén nhén 13 béi, phan 16n céc loai
phu gia chéng ling cin hién dang duogc sir dung déu c6 ban chit hiru co, boi vay cd
thé tro thanh ngudn dinh dudng cung cip cho sy phat trién cua vi khuan, vi tao, va
vi ndm [199,200]. Pdng thoi, cling can luu ¥ ring mic du qué trinh tién xur 1y ddi
v6i dong can xir 1y c6 thé giup han ché dang ké hién twong nhiém ban mang, tuy
nhién qua trinh nay ciing thudng yéu cau tiéu hao rat nhiéu ning lugng va/hodc hoa
chat, gy anh huong tiéu cuc dén hiéu qua chung vé mat kinh té cua cac hé thong
khir min @mg dung cong nghé mang FO. Ngoai ra, nhiing hoa chat duoc b sung
vao dong can xir 1y ciing ¢6 thé tao thanh mdi nguy co nhat dinh ddi v6i méi trudng
va strc khoé con nguoi, boi thong thudng dong sau xir Iy s& duoc thai truc tiép ra
moi truong.

Nhin chung, bén canh muc ti€u nham kiém soét tinh trang nhiém ban mang,
thi ciing can can nhac dén khia canh kinh té va khia canh an toan méi truong khi lya

chon céc phuong phép tién xtr Iy phu hop.
1.4.2.2. Phwong phdp lwa chon dung dich 16i cuén phui hop

Nhu d3 dé cap, thanh phan dung dich 16i cudn c6 thé anh huéng mot cach
dang ké dén mirc d6 nhim ban cua mang ban tham tai ca phia dung dich 161 cudn,
1an phia dong can xir Iy. Boi vay, trong qua trinh Iya chon dung dich 16i cudn, bén
canh nhitng can nhéic lién quan dén thong luong Jw va thong luong Js, thi anh
hudng cua dung dich 16i cudn 1én tinh trang nhiém ban mang ciing 1a mot yéu td
quan trong can duoc xem xét nham dam bao hiéu qua van hanh t6i wu nhat cho toan

b6 hé thdng thiét bi khir min ng dung cong nghé mang FO [186].

Trudce ti€n, khong nén lya chon nhiing chét 16i cudn c6 thé tré thanh tic nhan
gdy nhiém ban mang, tac nhan kich thich sy nhiém ban mang, hodc nguén dinh
dudng cung cap cho su phat trién cua cac lodi vi sinh vat. Ngoai ra, ciing nén lua
chon nhiing chat 16i cubén vé6i kha niang tham thau nguoc qua mang thap, va nén s
dung dung dich 16i cudn v&i nong d6 thap hon gi tri “ndng do téi han”. Piéu nay sé
gitip han ché tinh trang nhiém ban mang gay ra béi hién tugng phan cuc noéng do
cuc bo bén trong va bén ngoai mang ban tham [174].

Tuy nhién, cling can luu ¥ rang thudng chi c6 thé kiém soat mot cach chinh
xéc cac tinh chat ciia dung dich 16i cudn khi dung dich 16i cudn (hodc chét 16i cudn)

dugc tong hop trong quy mo phong thi nghiém, dam bao do tinh khiét cao, khong
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chtra thanh phan tap chit va/hodc vi sinh vét véi kha ning thuc ddy tinh trang nhidm
ban mang. Nguoc lai, chit 16i cudn tong hop ding cho quy mé coéng nghiép va chat
16i cudn ngudn gbe tu nhién thudng chira nhiéu thanh phan tap chit khé 1am sach

v6i kha nang thac day tinh trang nhiém ban mang.
1.4.2.3. Phwong phdp lwa chon mang bdn tham phit hop

Nhu d3 d& cap, cdu tric va ban chat hoa hoc ciia mang ban tham 13 nhitng yéu
t6 ¢ thé anh huong dén muac d6 nhidm ban mang trong qua trinh van hanh kéo dai,
ma dic biét 1a giai doan hinh thanh 16p nhiém ban ban dau trén bé mat mang ban
thAm. Boi vy, hién da c6 nhiéu nghién ctru tip trung vao van dé bién tinh mang
ban thim nham gitp ting kha ning chong nhiém ban tu nhién cta ban than mang
ban tham. Nhitng nghién ctru nay chil yéu tip trung vao mot sd khia canh cu thé
sau: (1) ting tinh va nudc ctia bé mat mang ban tham [174,201], (2) giam do nham
ciia bé mit mang ban thdm [202], (3) giam dién tich cia bé mit mang ban thim
[203], (4) giam s luong cac nhom cacboxyl ty do trén bé mit mang ban tham
[201], (5) st dung nhimg ciu tric hoa hoc dic biét cho bé mit mang ban thim
[203], (6) két hop nhiing loai hat nano dic biét vao cdu tric bé mit mang ban thim
[204], va (7) pha thém mot 16p loc bd sung vao mit ty do caa 16p trung gian mang
ban thim [205].

Trén co sd ndy, trong qué trinh lya chon mang ban tham cho cac ung dung
mang FO, cé thé trudce tién thyc hién mot sb phan tich can thiét nhim xac dinh va so
sanh nhitng tinh chit quan trong cia mang ban thim nhu tinh va nuéc, do nham bé
mat, dién tich bé mat..., tir d6 thu duge cai nhin so b vé kha nang chéng nhiém bén
cta timg loai mang ban thim ma khong can trude tién tién hanh cac thi nghiém loc
kéo dai.
1.4.2.4. Phwong phdp t6i wu hod cdc yéu t6 diéu kign vin hanh

Cubi cung, sau khi d4 lya chon duoc dung dich 16i cubn, phuong phap tién xir
1y dong can xir 1y, va mang ban thAm phu hop, can thiét phai tién hanh téi vu hoa
cac yéu td diéu kién van hanh nham dam bao thu duoc thong luong Jw cao nhét,

d6ng thoi han ché tdi da tinh trang nhiém ban mang.

Trong d6, huéng dat mang 1a yéu t6 dau tién can dugc cin nhac. Nhu di dé
cap, trong phan 16n truong hop, mang ban tham can duoc dat theo hudng cho 16p
loc dugc tiép xuc tryc tiép voi dong can xir 1y nham han ché tinh trang nhiém ban
xay ra bén trong mang ban thim, ma nguyén nhan 1a do sy xdm nhép ciia cac tac
nhan gdy nhiém ban vao cau trac 18 x6p vai kich thude twong ddi 16n cua 16p trung

gian mang ban tham. Tuy nhién, huéng dit mang nay ciing thuong khién cho hién
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tugng phan cuc ndng do cuc bd trong mang dién ra mot nghiém trong hon, anh

huong tiéu cuc dén ca thong luong Jw cling nhu mirc d6 nhiém ban mang.

Thong thuong, téc do dong cua dong can xir 1y va dung dich 16i cudn khi tiép
xuc voi mang ban thAm cang cao thi s& cang gitp han ché tinh trang nhiém ban
mang, nho vao hiéu Gmg “rira tr6i” ctia dong thuy dong. Tuy nhién, ciing can tranh
van hanh hé thdng tai nhimg ngudng toc d6 dong qua cao, boi sy hinh thanh ché do
chay tang c6 thé 1am han ché kha ning chuyén khdi giita cac ting thuy dong, anh
hudng tiéu cuc dén ca thong luong Jw ciing nhu mirc do nhiém ban mang. Trong
mét sb truong hop, bot khi va tdm vach ngan cling co thé dugc st dung véi vai tro

nhiing giai phap hiéu qua nhiam gitp han ché tinh trang nhiém ban mang [206—208].

Ngoai ra, nhiét do va 4p suat dong vao ciing 1a mot sé yéu té diéu kién van
hanh can dugc quan tam [157,162,174].

1.4.3. Giai phap xir Iy nhiém bin mang
1.4.3.1. Phwong phap lam sach co hgc

Lam sach co hoc 1a phuong phap xur 1y tinh trang nhiém ban mang thuong
dugc sir dung nhét trong cac hé thdng loc qua mang néi chung, ciing nhu cac hé
thong khir man tng dung céng nghé mang FO néi riéng [209]. Trong d6, phuong
phap rtra xudi dugc thuc hién véi dong nude sach chay song song véi bé mat mang
ban thAm nham muc dich “ra tr6i” cac hat cin ban bam trén bé mat mang ban
thAm, con phuong phap rira nguoc dugc thuc hién véi dong nude sach thim thau
qua mang theo chiéu ngugc véi chiéu thong luong Jw khi van hanh hé thong mang
FO nham muc dich “rtra tréi” cac hat cin ban bam bén trong ciu trac ctia mang ban

tham, cling nhu tach céc hat can ban ra khoi bé mit mang ban thadm [209].

Mi va Elimelech di tién hanh khao sat mot cach chi tiét hiéu qua cta phuong
phap rira xudi trong viéc xir 1y tinh trang nhiém ban mang do céc tac nhan hitu co,
va nhan thiy rang 16p can ban hinh thanh tir qua trinh van hanh hé thong mang FO
thudng x6p hon so véi 16p can ban hinh thanh tir qua trinh van hanh hé thong mang
RO (do qua trinh chuyén khéi ctia nu6c qua mang khong can dén sy hd trg ctia ap
suat thuy luc), nho vay ciling dé dang dugc loai bé hon bang phuong phap rira xudi.
Theo céc tac gid, qua trinh rira xudi béng nude thuc hién tai diéu kién tdc do dong
cao va thoi gian kéo dai c6 thé cho phép hdi phuc téi 98% thong luong Jw bi suy
giam do hién twong nhiém ban mang, ma khong can bo sung thém bét ky loai hoa
chat tay rira ndo khac. Ngoai ra, viéc két hop bot khi vao dong rira c6 thé gitip rut
ngan thoi gian rira, ddng thoi cho phép hoi phuc t6i gan 100% thong lugng Jw bi
suy giam do hién twong nhiém ban mang [210]. Mic du vay, phuong phap rira xudi
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cling tdn tai nhuoc diém 1a can tiéu tén mot luong nhét dinh nude sach trong qua
trinh rira, 1am giam hi¢u qua san xuét nuée sach chung ctia toan bo h¢ théng thiét bi
khir man. Ngoai ra, phuong phap nay cling khong hiéu qua trong viéc xtr ly tinh
trang nhidm ban trong mang, do dong rira khong thé tién siu vao cac 16 xdp trong

cAu tric 10p trung gian ctia mang ban tham [176].

Trong phuong phép rira nguoc, phia dong can xir 1y s& duoc thay thé bang mot
dung dich v6i d6 min rat cao, con phia dung dich 16i cudn s& duoc thay thé bang
mot dung dich vé1 d§ médn tuong doi thép, hodc nudc sach, nhim tao thanh mét
dong nude thim thiu qua mang ngugc voi chiéu tham thau thong thuong cua nudc
khi van hanh hé théng mang FO. Trong mét s6 truong hop nhat dinh, qua trinh nay
cling c6 thé duoc thyc hién bang cach tam thoi dao vi tri gitra dong can xir 1y va
dung dich 161 cudén nham han ché viéc phai st dung nudc sach phuc vu cho qua
trinh rira mang [211]. Ngoai ra, ap suat thuy luc ciing c6 thé dugc st dung nham
cung cap dong luc bd sung cho qua trinh rira mang [184]. Nhin chung, vu diém cia
phuong phap nay 1a cho phép xir 1y ca thanh phan cin ban ton tai bén trong cau tric
16 x&p ctia mang ban thim, ciing nhu gitp loai bé tét hon nhitng thanh phan cin ban
kho rira troi trén bam trén bé mat mang ban thadm. Tuy nhién, trong phan 16n nhimng
truong hop khac, phuong phap rira ngugc thuong dem lai hi¢u qua khoi phuc thong

lugng Jw kém hon so véi phuong phap rira xudi.
1.4.3.2. Phwong phap lam sach hod hoc

Trong phan 16n trudng hop, cac phuong phap lam sach co hoc di duoc chimg
minh 14 dem lai hiéu qua dang ké trong viéc khac phuc va xir Iy tinh trang nhiém
ban mang. Tuy nhién, hiéu qua nay sé bi suy giam néu ton tai trong tic da manh
giita tac nhan gdy nhiém ban mang va bé mit mang ban thim. Nam 2010, Mi va
Elimelech d3 tién hanh khéao sat hiéu qué loai bo 1p cin ban hitu co gbc alginat cia
phuong phap lam sach co hoc, va phét hién ra rang 16p cin ban hiru co gbc alginat
trén bé mat mang TFC s& hitu kha ning chong rira troi tét hon so véi 16p can ban
hiru co gbc alginat trén bé mit mang CTA, boi cac thanh phan cin ban hitu co goc
alginat c6 thé bam dinh tt hon trén bé mit mang TFC [210]. Tuong tu, Yoon va
cong su cho rang cac phuong phap lam sach co hoc thuong khong dem lai hiéu qua
dang ké trong viéc khoi phuc thong lwong Jw da bi suy giam do sy hinh thanh cia
16p “mang sinh hoc” trén bé mat mang ban tham. Thay vao do, 16p “mang sinh hoc”
nay da bi loai bé gan nhu hoan toan sau khi mang ban thim duogc xir 1y bang dung
dich chlorine. Tuy nhién, diéu kién tién quyét dat ra 1a ban than mang ban tham phai
tuong ddi bén hoa hoc, va khong bi an mon dudi tac dong cua dung dich chlorine
[212].
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Nhin chung, hau hét moi tdc nhan téy rira hoa hoc déu hoat dong theo co ché
phan tmg hod hoc véi cac thanh phan gdy nhiém ban mang, nham 1am suy giam kha
ning bam dinh cua cac thanh phan gy nhidm ban mang v4i bé mit mang ban thim.
So sanh voi phuong phap 1am sach co hoc, phuwong phap 1am sach hoa hoc thé hién
hiéu qua dic biét rd rét khi thanh phan gy nhidm ban mang sé hitu ban chat hitu co
hodc sinh hoc. Mot sb tac nhan téy rua hod hoc hién dang duoc st dung tuong ddi
phd bién bao gém dung dich NaOH, dung dich EDTA, va dung dich NaOCl v&i
ndéng d6 khoang 0,5 — 1%. Tuy nhién, phuong phap lam sach hoa hoc ciing ton tai
nhimg nhuoc diém nhat dinh, nhu thudng khong thé xtr Iy cac thanh phan giy
nhiém ban bén trong mang, c6 thé gdy dn mon va lam giam tudi tho ciia mang ban

thim, cling nhu tiém 4n nguy co gay 6 nhiém méi truong [213].
1.4.3.3. Phwong phap lam sach sinh hoc

Bén canh phuong phap lam sach co hoc va phuong phap lam sach hoa hoc,
trong nhitng nim gan ddy, mot s6 nha khoa hoc ciing da nghién ciru phat trién cac
phuong phap 1am sach sinh hoc nham han ché nhiing tac dong tiéu cuc ma qua trinh
lam sach c6 thé gay ra d6i véi mang ban thdm, ciing nhu giai quyét nhiing quan
ngai lién quan dén van dé murc tiéu thu ning luong va/hoic hoa chit cho qua trinh
lam sach [208].

Cu thé, mot sd tac gid da stir dung céac tdc nhan enzym nham thic déy sy phan
huy cta nhitg d6i twong giy nhiém ban mang nhat dinh, dic biét 13 nhiing loai
“mang polyme sinh hoc” v&i ban chét protein va lipit, tir d6 1am giam kha nang bam
dinh cua nhirng dbi trong gay nhiém ban nay voi bé mit ban thdm va gitp cai thién
hiéu qua rtra tr6i ciia phuong phap lam sach co hoc [214,215]. Tuong tu, Xu va Liu
da thi nghiém bo sung trc ché sinh tong hop adenosin tri-phosphat (ATP) vao dong
rira mang nham muc dich gy anh huéng dén hoat dong trao doi chét cua cac loai vi
sinh vét gdy nhiém ban mang, khién cho 16p “mang sinh hoc” bam trén bé mit ban
tham tré nén thiéu 6n dinh va cubi cung ty tach ra khoi bé mat mang ban tham
[216].

1.5. TONG QUAN VE CAC CHAT LOI CUON bUGQC NGHIEN CUU
Dbi twong nghién ciru trong khuon khé Luan 4n nay 1a ba loai dung dich 16i
cudn tiém ning duoc lira chon, bao gom:

e Dung dich 16i cuon MGDA: Dung dich chira hdn hop hai chat tan trinatri
a-DL-alanin diaxetat (MGDA-3Na) va axit citric. Trong d6, MGDA-3Na la mét
hop chat mudi hitu co cta natri, s& hitu kha nang tan tot trong dung méi nuéc, kha
nang tao phuc dé tan trong dung méi nudc véi nhiéu loai ion kim loai hoa tri cao, va
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kha ning phan huy sinh hoc trong méi truong tét. Bong thoi, MGDA-3Na ciing
duge xac dinh 1a khong tao thanh méi nguy hai dang ké ddi véi con ngudi va cac
loai sinh vat thuy sinh. Hién nay, MGDA-3Na dang dugc thuwong mai hoa bai hang
BASF SE (Piurc) dudi tén thuong mai Trilon M®, véi tac dung chinh 1a 1am mém
nuéc va hd trg tay rira mot s loai chat ban [217].
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Hinh 1.8. Cau trdc hoé hoc cua trinatri a-DL-alanin diaxetat

Tuy nhién, MGDA-3Na ciing ton tai mot nhuoc diém 1a tao thanh dung dich
v6i d6 pH tuong d6i cao (pH > 11), c6 thé gdy anh hudng tiéu cuc dén tinh 6n dinh
cua mang ban tham, dic biét 1a tinh 6n dinh cua 16p chon loc tham thau. Boi vay,
Nghién ciru sinh di quyét dinh b sung axit citric vao dung dich véi vai trd mot tac
nhan diéu chinh d6 pH, do dung dich muébi trinatri citrat ciing da dugc ching minh
1a s¢ hitu kha niang 16i cudn cao [218].

e Dung dich 16i cuén MAL: Dung dich chira chat tan maltodextrin (MAL).
MAL la mét hop chat polysaccarit s¢ hitu khéi lugng phan tir cao, va tuong ddi an
toan véi stc khoé con ngudi [219]. Nhiéu nghién ciu cong bd trude do da cho thay
dugc kha nang 16i cudn tt cua dung dich cac hop chat monosaccarit nhu dudng
gluco hay duong fructd trong céc hé théng khir man tng dung cong nghé mang FO,
tuy nhién nhugc diém chung caa nhitng hop chat nay 1a so hitu gia tri thong luong
Js tuong ddi cao, cd thé tao thanh anh huong tiéu cuc I18n chét luong dong nuéc
man cd dac sau loc thai ra moi truong [220].

Nam 2021, NCS. Hoang Minh Tao va cdng su da thuc hién mot s6 khao sat co
ban lién quan dén kha nang 16i cudn cua dung dich MAL, tuy nhién ndi dung nghién
ctu maéi chi gidgl han trong danh gid thong luong Jw va thong lugng JS, ma chua
khao sat anh huong cua cac yéu td diéu kién van hanh ciing nhu thoi gian van hanh
kéo dai 1én hiéu qua 16i cudn cta dung dich MAL [66].
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Hinh 1.9. Cau trdc hoé hoc cua maltodextrin

e Dung dich 16i cuén PVP: Dung dich chira chat tan polyvinylpyrrolidon
(PVP). PVP la mot hop chat cao phan tir tan tot trong nude va tuong ddi an toan véi
sic khoé con ngudi, hién dang dugc sir dung phé bién trong nhiéu linh vuc cua doi
séng — bao gom ca vai vai tro phu gia thuc pham véi ma sé E1201 theo Uy ban
Chéu Au va Uy ban Tiéu chuan thuc pham quéc té Codex Alimentarius [221].

Nam 2022, NCS. Hoang Minh Tao va cdng su da thuc hi€én mdt s6 khao sat co
ban lién quan dén kha ning 16i cudn cua dung dich PVP, tuy nhién ndi dung nghién
ctru moi chi gidi han trong ddnh gid thong luong Jw va thong luong Js, ma chua
khao sat anh hudng cua céc yéu t6 dicu kién van hanh 1én hiéu qua 161 cudn cua
dung dich PVP. Bén canh d6, anh hudng cta yéu td thoi gian van hanh kéo dai 1én
hiéu qua 16i cudn cta dung dich PVP ciing méi chi duoc khao sat dén khoang 100
gid, va chua c6 nhirng danh gia lién quan dén hiéu qua cua cic phuong phap lam

sach 1én kha ning khoi phuc tinh chat thim thau ctia mang ban tham [67].
N O

n
Hinh 1.10. CAu trac hoa hoc cua polyvinylpyrrolidon

Nhin chung, ba loai chét 16i cudn ndy sé hitu vu diém 13 kha ning hoa tan
trong nude t6t va tao thanh dung dich 16i cudn véi p suit thim thiu cao, gia thanh
thip va twong ddi dé tiép can, co thé sir dung truc tiép ma khong can trai qua cac
budc tong hop phtc tap, co thé hoan nguyén mot cach d& dang bang nhiéu phuong
phap khac nhau, trong di an toan voi con ngudi va mdi trudng, boi viy phu hop

cho tmg dung khir man tai nhitng qubc gia dang phat trién nhu Viét Nam. Dic biét,
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mudi MGDA-3Na s¢ hitu kha ning phan huy sinh hoc tét va kha ning tao phtrc véi
ion kim loai hod tri (II), duoc ky vong c6 thé gitip han ché dang ké hién twong

nhiém ban mang FO sau thoi gian van hanh kéo dai.

Cu thé, ap suit thAm thau ciia mot dung dich dugc xac dinh theo cong thirc:

T=iXCxRxT (Phwong trinh 3)

trong do:

e 71— Ap sudt tham thu cta dung dich (don vi: atm)

e R —Hang s khi Iy twong, xac dinh = 0,08206 L.atm/mol.K

e T —Nhiét dg cua dung dich (don vi: K)

e C—Nong d6 cta chat tan trong dung dich (don vi: mol/L)

e i— Heé s6 phan ly van ’t Hoff, dai dién cho kha ning phan ly hay s6 nhom

chtic twong dwong c6 trén mot phan tir chat tan

Trén co s& ndy, cb thé thiy rang do ca ba loai chat 16i cubn tiém ning dugc
khao sat (bao gom MGDA-3Na, MAL, va PVP) déu tan t6t trong nudc, nén ching
c6 thé tao thanh nhitng dung dich 16i cudn véi nong do chét tan cao va ap suat tham
thau 16n. Trong d6, mic du ca PVP va MAL déu 1a cac hop chét cao phan tir, tuy
nhién mdi mat xich tring hop cta chiing déu mang mot hay nhiéu nhom chire twong
d6i wa nudc va co thé tao thanh lién két hydro véi cac phan tir nude, cho phép cai
thién dang ké ap suat thim thau ctia nhitng dung dich nay. Tuong tu, chat 16i cudn
MGDA-3Na 1a mudi giita mot axit yéu v6i khdi lugng phéan tir khong cao (axit a-
DL-alanin diaxetic) va mot kiém manh (NaOH), do vdy c6 thé phan ly yéu trong
dung moi nudc dé tao thanh cac cation va anion twong tng, nhd vay gilp cai thién
dang ké ap suat tham thau ty nhién cua dung dich.
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CHUONG 2. POI TUQONG VA PHUONG PHAP NGHIEN CUU

2.1. DOl TUONG NGHIEN CUU

e Dung dich phia dong cin xi ly: Nuéc de-ion, dung dich nuéc mian md
phong pha tir mudi NaCl tinh ché voi dd man 5% — 25%o, dung dich nuéc nhidém
man thuc té di qua tién xa Iy nham loai bo thanh phan chit ran khong hoa tan cé
kich thudc > 5 pum.

e Dung dich 18i cuén: Dung dich MGDA, dung dich MAL, va dung dich
PVP. Luan &n nay tap trung vao nghién ctu mot sé tinh chat 16i cun quan trong
cua cac dung dich 16i cudn, ciing nhu anh huéng cia mot sé yéu t diéu kién van
hanh va thoi gian van hanh 18n hiéu qua 16i cudn cua cac dung dich 16i cudn.

e Heé thdng thi nghiém: Céc nghién ctu trong Luan an nay duogc thyuc hién
trén modul thi nghiém Forward Osmosis CF042 Cell Assembly, la modul thi
nghiém cho hé théng mang FO quy md phong thi nghiém véi dién tich tiép xuc
mang thiét ké 42 cm?, phan than duoc ché tao chu yéu tur vat liéu nhua acetal ddng
tring hop nham han ché téi da anh huéng cua vat liéu 1én cac tinh chat riéng cua
dong can xu 1y ciing nhu dung dich 18i cudn.

2.2. PHUONG PHAP NGHIEN CcUU
2.2.1. Ho4 chit

Hoa chit va vat tu thuc nghiém trong nghién ctru nday duge sir dung truc tiép
sau khi mua vé ma khong can thuc hién cic bude tinh ché hay xu 1y nao khac, trir
truong hop c6 ghi chu cu thé. Do tinh khiét va ngudn gdc xudt xir cta timg loai hoa

chét va vat tu thuc nghiém duoc liét ké cu thé tai muc lién quan.

e Dung mdi dung dé chuin bi dung dich 16i cuén va dung dich dong céan
xtr Iy: Nudc de-ion (d6 man < 5 ppm) duoc san xuat tir thiét bi Direct-Q® 5 UV
Remote Water Purification Systems (Merck, Duc) dat tai Trung tam Nghién clru va

Phat trién Cong nghé cao, Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam.

e Chit tan diung dé chuin bi dung dich dong can xir Iy: Mubi tinh (ham
luong tap chat khong tan < 0,1%) xuat xi Viét Nam. Mudi tinh can duoc say kho
trudc khi s dung nham loai bo hoan toan ham lugng am, dam bao tinh chinh xac vé

mat nong dd cua cac dung dich mudi dugc str dung trong nghién ctu.

e Chit tan dung dé chuin bi dung dich 16i cudn: Axit citric, maltodextrin
(MAL, phan tir khéi trung binh = 400 Da) d6 tinh khiét trén 99% dugc cung cap boi
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hang Sigma-Aldritch (Hoa Ky), va polyvinylpyrrolidon K17 (PVP). Trinatri a-DL-
alanin diaxetat (MGDA-3Na) duoc cung cdp dudi dang san phdm thuong mai
Trilon M cua hang BASF SE (buc).

e Dung dich nwéc nhiém miin thwe té: Nude nhiém man thyc té thu thip tai
khu vuc ctra Ha Lan (song So, tinh Nam Dinh) trong khodng thoi gian thang 04 —
06/2024 dugc tién xir Iy nham loai bo thanh phan chat ran khong hoa tan c6 kich
thudc > 5 um, dam bao kha ning van hanh 6n dinh cia mang ban tham [68]. Mau
nuéc nhiém min thyc té duoc tién xu 1y tai chd ngay sau khi thu thap, sau d6 duoc
chuyén vao trong cac phuy nhua dung tich 200 L (mAu chung) hodc chai thuy tinh
t6i mau dung tich 500 mL (mau ddi ching), va duoc chuyén vé bao quan tai Trung
tam Nghién ctru va Phat trién Cong nghé cao, Vién Han 1am Khoa hoc va Céng
nghé Viét Nam. Trong qua trinh nghién ctru, miu chung va mau d6i ching sé duoc
dinh ky phan tich mot s6 chi tiéu chét lugng co ban nham dam bao tinh dai dién cta

két qua thi nghiém.
2.2.2. Thiét bi va dung cu

Mot sb dung cu va thiét bi thuc nghiém chinh trong nghién ctru sé dugc liét ké
v6i thong tin ngudn gde xuat xir thong sb ki thuat cu thé. Toan bd dung cu va thiét
bi thuc nghi¢m trong nghién ctru dugc st dung theo pham vi hudng dan su dung
ctia nha san xuét, hoic theo nguyén tac su dung chung ddi vai loai dung cu va thiét

bi thuc nghiém do.

e Modul thi nghiém ding cho hé thong thi nghiém mang FO va hoan
nguyén dung dich 16i cudén: Modul thi nghiém Forward Osmosis CF042 Cell
Assembly (dung cho thi nghiém FO) va modul thi nghiém Crossflow CF042 Cell
Assembly (dung cho thi nghi¢m hoan nguyén) quy moé phong thi nghiém dugc cung
cap boi hang Sterlitech (Hoa Ky). Cac modul thi nghiém dugc ché tao chu yéu tir
vat liéu nhya acetal dong tring hop véi dién tich tiép xiic mang thiét ké 1a 42 cm?,

va dugc cung cap cung day du cac phu kién rap ndi can thiét di kém tir nha san xuat.

e Mang bin thim dung cho thir h¢ thong thi nghiém mang FO: Mang
HFFO dang tim phang dugc cung cap béi hing Aquaporin (Pan Mach). Méang dugc
ché tao tir vat lidéu compozit 16p mong (mang TFC) duéi dang tdm kho kich thudc
210 x 297 mm (kho gidy A4), duoc cét thanh timg tAm nho riéng biét ¢ kich thudc
56 x 115 mm. Trudc khi sir dung 1an dau tién, cac tim mang dugc bao quan trong
diéu kién moi truong kho, tranh tiép xtc truc tiép v6i nude va anh sang Mit Troi.
Sau khi sir dung trong thi nghiém, cac tim mang dugc duy tri bao quan trong dung

dich NazS20s 1% va tranh tiép xuc truc tiép v6i anh sang Mt Troi.
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e Mang NF ding cho hoan nguyén dung dich 18i cuén: Mang TS40 dang
tam phang duoc cung cip boi hing TriSep (Hoa Ky). Mang duoc ché tao tir vt lidu
compozit 16p mong (mang TFC) duéi dang tdm kho kich thude 1016 x 305 mm.
Mang dugc str dung va bao quan trong cac diéu kién twong ty nhu d6i voi mang ban
tham dung cho thir hé théng thi nghiém mang FO.

e Bom tuin hoan dung cho thir h¢ thong thi nghiém mang FO: Bom cap
dong Haedon HF-8377 dugc cung cap bdi hing Haedon (Pai Loan), v6i hiéu suat
bom t6i da 72 L/h (twong dwong 1.200 mL/phut). Hiéu sudt hoat dong thuc té cia
bom c6 thé duoc diéu chinh thong qua diéu chinh hiéu dién thé dong dién cép cho
thiét bi, nham dap Gmg tot nhat nhu ciu vé mat luu luong dong vao cua hé théng thi

nghi¢m.

e Bom ting ap diung cho hoan nguyén dung dich 18i cudén: Bom ting ap
Haedon 5G-100 dugc cung cip bai hang Haedon (Pai Loan), vai hiéu suat bom tbi
da 108 L/h va 4p suét tang ap toi da 1,1 MPa.

e H¢ thong diéu chinh nhiét d9: Thiét bi lam mat tudn hoan Recirculating
Chiller F-100 dugc cung cap boi hang Buchi (Thuy Si) cho khoang nhiét d6 dudi 25
°C, va bo gia nhiét trén thiét bi Rotavapor® R-100 duoc cung cap boi hiang Buchi
(Thuy S7) két hop hé théng bom tuan hoan cho khoang nhiét do trén 25 °C.

e Thiét bi diung cho theo ddi hiéu qua van hanh ciia dung dich 16i cudn:
Can khéi lugng GeeLeaf duoc cung cap boi hang GeeLeaf (Trung Qudc), véi khoi
luogng can t6i da 1a 5 kg va do chinh xac 1 g. May do tich hop d6 man, TDS, va do
dan dién Ezdo 7021 duogc cung cip boi hing Ezdo (Phép).

e Cac thiét bi va dung cu phu tro khac: Hé théng dung cu chua nudc,
duong 6ng din nudc, van diéu tiét, ap ké, duong cip nhiét... duoc lap dit phu hop

v6i yéu ciu cua ting thi nghiém cu thé.
2.2.3. Phuwong phap thue nghiém chung

So d6 hé thdng thuc nghiém quy mé phong thi nghiém duoc moé ta trong Hinh
2.1, v6i hinh anh thuc té cua riéng bo phan thuc nghiém mang FO duogc trinh bay
trong Hinh 2.2. Nhin chung, quy trinh va cac diéu kién thuc nghiém st dung trong
Luan an da duoc xay dung va lya chon trén co sé nhitng két qua nghién ctru lién
quan trudc do, bai viy dam bao tinh khoa hoc cao va phu hop vé6i hé thong trang
thiét bi thuc té sin c6 [66-68,222].

Nhim dam bao tinh chinh xac va d tin cdy cta nhitng két qua thu duoc, cac

thi nghiém lién quan dén mang FO trong Luin 4n nay da duoc thuc hién theo mot
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hé théng quy trinh van hanh théng nhit, bao gom [222]:
(1) quy trinh rtra;
(2) quy trinh kiém tra d6i chiéu tinh chat mang; va

(3) quy trinh thuc nghiém danh gia dic trung 16i cudn.

E Dong can xir 1y Dung dich 16i cuén -
vy - v-
L ; ) N
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Hinh 2.2. Hé thong thuc nghiém mang FO quy mé phong thi nghiém
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2.2.3.1. Quy trinh rita

Trudc va sau mdi thi nghiém, can thiét phai tién hanh rira sach hé théng thuc

nghi¢ém nham dam bao tinh chinh xac va do tin cdy cua cac két qua thu duoc.

Cu thé, trudc mdi thi nghiém, sau khi da hoan tat budc lép dat hé théng thuc
nghi¢m theo dung thiét ké, can trudc tién tién hanh budc chay lam sach tai cd hai
phia cta hé thdng thuc nghiém bang nuéc de-ion trong khoang 30 phut. Trong qua
trinh ndy, c6 thé tién hanh diéu chinh trudc cac thong sb diéu kién van hanh lién
quan theo yéu cau cua timg thi nghiém cy thé, nham rat ngan t6i da thoi gian diéu
chinh hé théng thyc nghiém khi van hanh chinh thic va dam bao tinh tuong déng

vé mit quy trinh thuc nghiém giita cac thi nghiém.

Tuong tu, sau khi mdi thi nghi¢m két thuc, hé théng thuc nghi¢m can duoc
chay rtra véi nu6e de-ion ba 1an, mdi 1an kéo dai 1an luot 1a 5 phut, 10 phat, va 30
phut. Sau khi chay rtra hoan tat, hé théng thuc nghiém cé thé duoc st dung truc tiép
cho cac thi nghiém tiép theo ma khong can chay lam sach lai, hoac dugc théo ra dé
bao quan. Trong trudng hop hé thdng thuc nghiém duoc thdo ra dé bao quan, can
thiét phai thuc hién lai budc chay lam sach trude khi tién hanh nhirng thi nghi¢m
tiép theo. Mang FO sau khi dugc théo ra khéi hé théng thuc nghiém can dugc trang
sach bang nudc de-ion, rdi ngdm trong dung dich Na2S:0s 1% lién tuc cho tdi 1an

st dung tiép theo.
2.2.3.2. Quy trinh kiém tra d6i chiéu tinh chdt mang

Quy trinh kiém tra dbi chiéu tinh chat mang duoc thyc hi¢n mdt cach dinh ky
sau mdi 10 thi nghiém nham danh gia su thay do6i vé mat tinh chat ciia mang ban
tham, tir 46 gip dam bao tinh chinh xac va do tin cdy cua nhitng két qua thu duoc.
Mang ban thim can duoc thay mdi néu két qua kiém tra déi chiéu mang xuét hién
su thay d6i vé mit thong lwong Jw va théng luong Js vuot qua 5% so véi nhirng gia

tri trong (mg ban dau cia mang ban tham.

Bang 2.1. Cac thong s6 van hanh cho thi nghiém kiém tra d6i chiéu tinh chat mang

Théng s6 van hanh Gia tri
Dung dich ban dau:
e Phia dong can xir ly Nuéde de-ion
e Phia dung dich 16i cuén NaCl 60%o

Luu lugng dong vao:
e Phia dong can xir ly 200 mL/phat
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e Phia dung dich I8i cuén 230 mL/phut
Thong s diéu kién van hanh khac:
e Nhiét do 30°C
e Hudng twong ddi cia dong vao Nguoc chiéu
e Chénh léch ap sut 0,2 bar (phia dong can xr 1y)
e Thoi gian thi nghiém 150 phat

Cu thé, trudc mdi thi nghiém, cAn chudn bi khoang 1.100 mL dung dich dong
can xir 1y (nudc de-ion) va dung dich 16i cudn (dung dich NaCl 60%o). Trong trudng
hop can thiét (khi hé thong thuc nghiém dang trong trang thai thao roi), can tién
hanh trang rita mang FO bang nudc de-ion roi lap dat hé thong thuc nghiém theo
dung thiét ké. Hé thong thuc nghiém can duoc rira theo quy trinh nhu trinh bay

trong Muc 2.2.3.1 trudc va sau cac thi nghiém kiém tra d6i chiéu tinh chat mang.

Sau khi qua trinh rira két thic, tién hanh tit bom va thay thé ngudn cap dung
dich dong can xir Iy cling nhu dung dich 16i cuén bang cac dung dich phu hop
(Bang 2.1), voi thé tich mdi dung dich khoang 900 mL. Thoi diém bat dau thi
nghiém dugc ghi nhan khi hai bom cta hé thong thuc nghiém duoc dong thoi khoi
dong. Sau khoang 30 gidy, tién hanh b6 sung dung dich dong can xir 1y va dung
dich 16i cudn mét cach phu hop, sao cho trong dung cu chira tai ca hai bén c6 muc
dung dich dat ngudng 1.000 mL. Trong nam phut tiép theo, tién hanh tinh chinh lai
cac thong s6 diéu kién van hanh lién quan (Bang 2.1), 1di 1ap tic ghi nhan gia tri
khoi luong ban dau cua dung cu chtra dung dich 161 cudn va d6 min cua dung dich
dong can xur 1y.

Tiép theo, sau mdi 15 phut, tién hanh ghi nhan gia tri khéi lugng ciia dung cu
chtra dung dich 161 cudn va d6 man cua dung dich dong can xu Iy nham theo di su
thay ddi ciia nhirng thong sd nay theo thoi gian. Thi nghiém duoc duy tri trong 150
phut. Sau khi thi nghiém két thiic, hé théng thuc nghiém s& dugc rira theo quy trinh
nhu trinh bay trong Muc 2.2.3.1.

2.2.3.3. Quy trinh thwc nghiém ddinh gid kha nding 16i cuén

Trudc mbi thi nghiém, can chudn bi khoang 1.100 mL dung dich dong can xtr
Iy va dung dich 16i cubn véi thanh phan va ham luong chét tan theo yéu cau cua
tirng thi nghiém cu thé. Trong trudng hop can thiét (khi hé théng thyc nghiém dang
trong trang thai théo rdi), can tién hanh trang rira mang FO bang nude de-ion rdi lap
dat hé théng thuc nghiém theo ding thiét ké. Déng thoi, hé théng thuc nghiém can

duoc rira theo quy trinh nhu trinh bay trong Muc 2.2.3.1 trudc va sau moi thi
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nghi¢m.

Sau khi qua trinh rtra két thac, tién hanh tit bom va thay thé ngudn cdp dung
dich dong can xt 1y cling nhu dung dich 16i cubn bang cac dung dich phu hop theo
yéu cau cua timg thi nghiém cu thé, véi thé tich mdi dung dich khoang 900 mL.
Thoi diém bét dau thi nghiém dugc ghi nhan khi hai bom cua hé théng thuc nghiém
dugce ddng thoi khoi dong. Sau khoang 30 gidy, tién hanh bo sung dung dich dong
can xtr 1y va dung dich 16i cuén mot cach phu hop, sao cho trong dung cu chua tai
c4 hai bén c¢6 muc dung dich dat ngudng 1.000 mL. Trong nam phut tiép theo, tién
hanh tinh chinh lai cac thong s diéu kién van hanh lién quan theo yéu ciu cua timg
thi nghiém cu thé, roi 1ap tirc ghi nhan gia tri khdi luong ban dau cua dung cu chtra

dung dich 161 cuén va d§ man cua dung dich dong can xur ly.

Tiép theo, trong truong hop cac thi nghiém vdi thoi gian van hanh ngén, tién
hanh ghi nhan gia trj khdi lugng cua dung cu chtra dung dich 16i cuén va d6 min
ctia dung dich dong can xir Iy sau mdi 15 phit nham theo ddi sy thay d6i cta nhiing
thong s nay theo thoi gian. Thi nghiém duoc duy tri trong 150 phit. Sau khi thi
nghiém két thuc, hé théng thuc nghiém s& duoc rira theo quy trinh nhu trinh bay
trong Muc 2.2.3.1.

Nguoc lai, trong truong hop cac thi nghiém vai thot gian van hanh kéo dai, thi
nghiém duoc tién hanh theo tirmg mé 120 phut, voi tong thoi gian thi nghiém 13 700
gid va cac diéu kién thi nghiém nhu trinh bay trong Béang 2.2. Cu thé, sau 120 phut
van hanh lién tuc, tién hanh ghi nhan gia tri khdi lugng cua dung cu chtra dung dich
16i cudn va d6 min cia dung dich dong can xir Iy nham theo ddi su thay ddi cta
nhiing thong s nay theo thoi gian. Tiép theo, tién hanh tit bom va thay thé dung cu
chtra dung dich dong can xur 1y ciing nhu dung cu chia dung dich 16i cudén bang
nhirng dung cu chira mai, roi thue hién 1ap lai quy trinh thi nghi€ém nhu da trinh bay

ma khong can trai qua budc rira hé théng thuc nghiém.

Quy trinh thi nghiém trén dugc tién hanh lap lai khoang 4 — 5 lan mdi ngay, 6
ngay mdi tuan, sao cho tong thoi gian thyc hién thi nghiém twong duong 700 gio.
Dung dich dong can xir Iy va dung dich 16i cudn trong cac thi nghiém c6 thé dugc
chuan bi bang cach phan tan chét tan tuong (mg vao thé tich pht hop nudc de-ion,
hodc duoc chuan bi trén co sé hoan nguyén nhimg dung dich hinh thanh tir quéa
trinh van hanh hé théng mang FO (dung dich dong can xtr Iy bi ¢6 dic duoc bd sung
thém nuéc de-ion dé pha loang vé néng dd ban dau, con dung dich 161 cudn duoc
hoan nguyén vé néng do ban diu bang hé théng mang NF). Trong trudng hop cac

dung dich dugc hoan nguyén, can tién hanh phan tich nham dam béo tinh chit ciia
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dung dich khong bi thay dbi dang ké do sy chuyén khéi cia cic chat tan qua mang
ban thim (hién twong chit tan tham thau nguoc qua mang). Nhin chung, cic dung
dich dung trong nghién ctru nay s& duoc hoan toan thai bo sau téi da nim lan sir

dung.

Bang 2.2. Thong sb diéu kién van hanh chung cho hé thi nghiém nghién ciru anh
huong cua thoi gian van hanh kéo dai 1én dic trung 161 cudn cua cac dung dich 16i

cudn
Théng s6 van hanh Gia tri

Dung dich ban dau:

e Phia dong can xir ly NaCl 10%o

e Phia dung dich 16i cuén MGDA 25%, hoic

MAL 20%, hoac PVP 20%

Luu lugng dong vao:

e Phia dong can xu ly 250 mL/phut

e Phia dung dich 16i cuén Piéu chinh theo chénh léch ap suat
Thong s diéu kién van hanh khac:

e Nhiét do 30°C

e Hudng twong ddi cua dong vao Nguoc chidu

e Chénh léch ap suit 0,2 bar (phia dong can xur 1)

e Thai gian thi nghiém 120 phdt (mbi thi nghiém lap lai)

700 gid (tong toan b cac thi nghiém)

2.2.4. Phwong phap thwe nghiém cu thé cho tirng ndi dung nghién ciu

Trong khudn khd Luan an nay, sdu ndi dung nghién ctru da dugc thuc hién,
v6i cac thong tin chung vé thong s bién khao sat, thong sb dau ra, va ndi dung két
luan duoc thé hién tom luge trong Hinh 2.3 — Hinh 2.8.
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Nghién ctru diic trung thAm thau

ctia mang ban tham

-~
N\
Thong s6 dau ra
+ Noéng d6 dung dich 16i cudn * Théng lrong nwéc thim thiu
(dung dich NaCl 10%o — 60%o) qua mang (Jw)
* Thoi gian van hanh + Théng lrong chit 16i cuén thim
(0— 150 phait) thau ngwoc qua mang (Js)

Két luan <

* Dic trung thim thAu ciia mang ban thim, so sanh véi théng s6 ky thuit theo cong

bo cua nha san xuat

* Giéihan thoi gian vin hanh én dinh cia mang ban thim

Hinh 2.3. Céc théng sb bién khao sét, thdng sb dau ra, va noi dung két luan caa hé
thi nghiém nghién ctru dic trung tham thau cia mang ban thim
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Nghién ctru kha nang 16i cuon

cua cac dung dich 16i cuon

<N
_— =~ —
- T
- ~
Ve \
Thong s6 dau ra

+ Nong dé dung dich 16i cuén + Théng lwong nwéc thim thiu

(bén loai dung dich 16i cuon, qua mang (Jw)

LU E e = + Théng lweng chit 16i cuén thim
* Riéng voi dung dich MGDA: thiu ngwoc qua mang (Js)

Ty 1é muéi MGDA-3Na trong
hén hop tinh theo khéi lvong
(75% — 85%)

Két luan “

* Daic treng 16i cudn co ban cia cac dung dich 16i cuon

+ Hé s6 tén hao chit 16i cuén do
thiAm thau ngwoc (Rds)

+ Kha nang hoan nguyén va san xuiit nwéc sach bang phwong phap NF ciia ciac dung
dich 16i cuén
* Giéi han khir man cia cic dung dich 16i cudn

+ Nong d6 dung dich 16i cuén phit hop nhét cho ng dung khir mén sin xuit nwéc

ngot

+ Riéng v6i dung dich MGDA: Ty 1é mudéi MGDA-3Na trong hén hop tinh theo khéi
lwong phit hop nhit

Hinh 2.4. Cac théng sé bién khao sét, thong sé dau ra, va noi dung két luan cua hé
thi nghiém nghién ctiru kha nang 16i cudn cia mot sb loai dung dich 16i cubn



Nghién ctru Anh hwéng cia mot so

yéu to dieu kién van hanh khac

* Luu lugng dong vao
(100 — 600 mL/phiit)

+ Chénh léch ap suat dong vao
(0,2 —0,8 bar, theo ca hai phia)

« Nhiét @b dong vao (10— 40 °C)

Thong so dau ra

Théng lwong nwéc thim thau
qua mang (Jw)

Théng lwong chét 16i cudn thim
thiu ngwoc qua mang (Js)

Hé s6 ton hao chit 16i cudn do
thim thau nguoc (Rds)

+ Anh hwéng ciia mét s6 yéu t6 didu kién vAn hanh (bao gom: chénh léch ap suat dong

vao, nhiét @6 dong vao. hru hrong dong vao) 1én dic trwng 16i cudn cia cac dung dich

16i cuon

+ Xic dinh so b6 gia tri phit hop nhit cia mét s6 yéu té diéu kién van hanh twong

irng véi ting dung dich 16i cuén nham thu dwec hiéu qua 16i cudn tot nhat

Hinh 2.5. Cac théng sé bién khao sét, thdng sé dau ra, va noi dung két luan caa hé
thi nghiém nghién ctiru anh hudng cua mot sé yéu té didu kién van hanh khac 1én
dic trung 16i cudn cua cac dung dich 16i cubn
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Nghién ciru toi wu hoa thong qua

thiét ké md hinh Box—Behnken

~ N
— - =~ —
T TTT~<
/- \
*  Luwu lugng dong vao * Thoéng lwgng nwoc thim théiu

+  Chénh léch ap suit dong vao qua mang (Jw)

* HEe so ton hao chat 16i cuon do

*»  Nhiét do dong vao 3 )
tham thau ngwoce (Rds)

Két luan «

+ MO hinh toan hoc phit hop nhét dé mé ta anh hwéng cia mét sé yéu t6 diéu kién

vén hanh (bao gdm: chénh léch ap suit dong vao, nhiét dé dong vao, lwu luong dong
vao) lén dic trung 16i cudn cia cic dung dich 16i cuén

+ Tép hop cac yéu té diéu kién véin hanh (bao gém: chénh léch ap suat dong vao, nhiét
d6 dong vao, lwu lrong dong vao) tdi wu dé thu dwec hiéu qua 16i cudn cao nhit cho

tirng dung dich 16i cuén dwoc khao sat

Hinh 2.6. Céc théng sb bién khao sét, thdng sb dau ra, va noi dung két luan caa hé
thi nghiém nghién ctiu ti wu hod cac diéu kién van hanh cua hé théng mang FO
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Nghién ciru anh hudéng cua

thaoi gian van hanh kéo dai va

hi¢u qua caa phuwong phap rira mang

~ 0~
P T T~C
7 N
* Thoigian van hanh + Théng lrong nwéc tham thiu
(dén 700 gio ban lién tuc) qua mang (Jw)
*  Phwong phap rita mang + Céu tric vi md bé mit mang

(danh gid thong qua anh SEM)

Két luan «

* Anh hwéng cia théi gian van hanh kéo dai va lién tuc 1én hiéu qua 16i cuon cia

cac dung dich 16i cudn
+ Dic trung gy nhiém bin mang ciia cic dung dich 16i cuén sau thai gian vin hanh
kéo dai va lién tuc

+ Hiéu qua lam sach mang cia phwong phap rita xudi déi véi tinh trang nhiém bén

mang giy ra béi cic dung dich 16i cudn dwoc khao sat

Hinh 2.7. Cac théng sé bién khao sét, thdng sé dau ra, va noi dung két luan caa hé
thi nghiém nghién ctru anh huong cua thoi gian van hanh kéo dai 1én dac trung 161
cudn cua cac dung dich 16i cudn va hiéu qua cia phuwong phap lam sach mang
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Nghién ctru doi voi

mau nwéc nhiém man thue té

A
<N
— - =~ —
Pl TTT~C
4 N
* Thoigian van hanh + Théng lrong nwéc thim thiu
(dén 24 gio ban lién tuc) qua mang (Jw)

+ Mot s6 théng s6 theo Quy chuin
ky thuit qudc gia QCVN 01-
1:2018/BYT vé chét lrong nwéc
sach sit dung cho muc dich sinh

hoat

Két ludn :

* Hiéu qua khitr man san xuat nwée sach thue té cia cac dung dich 16i cuon dwoe
khao sat

Hinh 2.8. Cac thong sé bién khao sét, thdng sé dau ra, va noi dung két luan caa hé
thi nghiém nghién ctru hiéu qua van hanh trén mau nudc nhidm man thuc té cia cac
dung dich 16i cuén
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2.2.4.1. Nghién ciru ddic trung thim thiu ciia mang bdn thim

Thi nghiém nghién ctru dic trung thim thiu cua mang ban thdm duoc thuc
hién nham dam béo tinh chinh xéc, tinh tin cdy, va kha ning tai ldp cua cac két qua
nghién ctru st dung mang ban thdm duoc lya chon (mang TFC do hing Aquaporin
cung cip), thong qua so sanh két qua thu dugc tai nhitng thoi diém khac nhau va véi
thong tin cong bd chat luong do nha san xudt cung cip [68]. Cac diéu kién thi
nghiém cu thé dugc trinh bay trong Bang 2.3. Két qua thi nghiém duoc thé hién
trong Hinh 3.1 va Hinh 3.2.

Bang 2.3. Céc thong s diéu kién van hanh chung cho hé thi nghiém nghién ctu dic
trung tham thau caa mang ban tham

Théng s6 van hanh Gia tri

Dung dich ban dau:

e Phia dong can xir ly Nudc de-ion

e Phia dung dich 16i cuén NaCl 10%o — 60%o
Luu lugng dong vao:

e Phia dong can xir ly 200 mL/phat

e Phia dung dich 16i cuén 230 mL/phat
Thong s diéu kién van hanh khac:

e Nhiét do 30°C

e Hudng twong ddi cua dong vao Nguoc chidu

e Chénh léch ap suit 0,2 bar (phia dong can xur 1)

e Thoi gian thi nghiém 150 phat

2.2.4.2. Nghién ciru dic trung 16i cuén ciia moét sé logi dung dich 16i cuon

Thi nghi¢m nghién ctru dac trung 161 cudn ctia mot s6 loai dung dich 161 cudn
da duoc thyc hién nham xac dinh mot s6 tinh chét 16i cudn co ban (bao gom: thdng
lugng Jw, thong luong Js, va h¢ s6 ton hao Rds) cua ba loai dung dich 161 cudn
duogc lya chon (bao gém: dung dich MAL, dung dich PVP, va dung dich MGDA),
cling nhu so sanh v&i mot loai dung dich 16i cudn tuong tu khac (dung dich CA-
3Na). Cac diéu kién thi nghiém cu thé dugc trinh bay trong Bang 2.4. Két qua thi
nghiém duoc thé hién trong Hinh 3.4 — Hinh 3.18.



62

Bang 2.4. Thong sb diéu kién van hanh chung cho hé thi nghiém nghién ciru dic
trung 16i cudn caa mot sé loai dung dich 16i cudn

Théng s6 van hanh Gia tri
Dung dich ban dau:
e Phia dong can xir ly Nudc de-ion, hodac NaCl 2%o — 25%o
e Phia dung dich 16i cuén Céc dung dich ndng d6 5% — 25%:

MAL, hoac PVP, hoac CA-3Na,
hoic MGDA (ty 16 MGDA-3Na theo
khéi luong 75% — 85%)

Luu lugng dong vao:

e Phia dong can xir ly 200 mL/phat
e Phia dung dich 16i cuén 230 mL/phat
Thong s6 diéu kién van hanh khac:
e Nhiét do 30°C
e Hudng twong dbi cua dong vao Nguoc chiéu
e Chénh léch &p suat 0,2 bar (phia dong can xur 1)
e Thai gian thi nghiém 150 phut
Thong sb diéu kién hoan nguyén NF:
e Ap suit dong vao 10 bar
e Ty lé dong thai 90%

2.2.4.3. Nghién ciru dnh hwéng ciia mét sé yéu té diéu ki¢n vin hanh khdc lén

dac trung 10i cuon cua cdac dung dich 1oi cuon

Nhu d3 trinh bay, bén canh yéu t6 quan trong nhét 13 loai va néng do chat 16
cubn trong dung dich 16i cudn, thi cac thong sb van hanh khac nhu loai mang ban
thdm dugc st dung, thoi gian van hanh, luu luong va huéng dong vao, chénh l¢ch
ap suit va nhiét do dong vao (ca dong can xir Iy va dung dich 16i cudn)... ciing co
thé anh hudng toi dic trung 16i cubn cua dung dich 16i cudn. Béi vay, thi nghiém
nghién ctru anh hudng ciia mot sé yéu té didu kién van hanh khac 1én dic trung 16
cudn cla céac dung dich 161 cudn da duoc thuc hién nham xac dinh khoang diéu kién
van hanh phi hop cho ting loai dung dich 16i cudn, ciing nhu danh gia tinh pht hop

ctia nhirg dung dich 16i cuén tiém ning nay trong diéu kién tmg dung thyc tién.

Thi nghiém nghién ctru anh hudng cua mot so yeu to diéu kién van hanh khac

(bao gdm: chénh 1éch ap suit dong vao, nhiét d6 dong vao, luu luong dong vao) 1én



dac trung 161 cudn cua cac dung dich 161 cudn dugce thuc hién voi nhitng thong so ky

thuat cht yéu nhu trinh bay trong Béang 2.5. Két qua thi nghiém duoc thé hién trong

Hinh 3.22 — Hinh 3.30.

Bang 2.5. Thong sb diéu kién van hanh chung cho hé thi nghiém nghién ciru anh
huong cua céc yéu td didu kién van hanh khac 1én dic trung 16i cudn cua cac dung
dich 16i cudn

Thong s6 van hanh
Dung dich ban dau:
e Phia dong can xu ly
e Phia dung dich 16i cuén

Luu lugng dong vao:
e Phia dong can xu ly
+¢ Thi nghiém khao sat anh hudng
+¢ Thi nghiém khao sat khac
e Phia dung dich 16i cudn

0

0

Thong s diéu kién van hanh khac:

e Nhiét do
» Thi nghiém khao sat anh huong
% Thi nghiém khao sat khac

D)

0

0

e Hudng tuong dbi cua dong vao

e Chénh léch &p suat
¢+ Thi nghiém khao sat anh hudng
% Thi nghiém khao sat khac

e Thoi gian thi nghiém

Thong sb diéu kién hoan nguyén NF:
e Ap suat dong vao
e Ty I¢ dong thai

Gi4 tri

Nudc de-ion, hoac NaCl 10%o

MGDA 25%, hoac MAL 20%, hoac
PVP 20%

100 — 650 mL/phut
200 mL/phut

Piéu chinh theo chénh léch ap suat

10-40°C
30°C

Nguoc chiéu

0 — 0,8 bar (theo ca hai phia)
0,2 bar (phia dong can xur 1y)
150 phat

10 bar
90%

2.2.4.4. Nghién ciru toi wu hod cdc diéu kign vdn hanh ciia hé théng mang FO

Trong khuén khé Luén an ndy, anh hudng cta chénh léch ap suit dong vao,

luu luong dong vao, va nhiét do van hanh 1€n hiéu qua 161 cudn cua ba loai dung
dich 16i cubn MAL 20%, PVP 20%, MGDA 25% da dugc khao sat. Nham danh gia
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mot cach chinh xac hon anh huéng ciia nhitng yéu té nay 1én hiéu qua 16i cudn cua
ba loai dung dich 16i cudn, phuong phép thiét ké mé hinh thi nghiém Box—Behnken
va phuong phap phan tich bé mit dap tng di duoc ap dung trén ba dbi tuong bién
s6 (bao gdm: chénh 1éch ap suét dong vao, luu lwgng dong vao, va nhiét d6 van
hanh 1én hiéu qua 16i cubn) cung hai ddi twong két qua danh gia (bao gdm: thong
lwong Jw va hé s ton hao Rds).

Céc thong s6 cu thé ciia mo hinh thi nghiém Box—Behnken trong khuén khd
Luan 4n nay dugc trinh bay cu thé trong Bang 2.6 va Bang 2.7. Nhin chung, tong
cong 17 thi nghiém da dugc thyc hi¢n cho mdi loai dung dich 161 cudn, voi dong
can xt 1y 12 nudce de-ion va thoi gian van hanh 150 phat. Két qua thi nghiém duoc
thé hién trong Bang 3.1, Bang 3.6, va Bang 3.11.

2.2.4.5. Nghién ciru dnh hwong ciia thoi gian vdn hanh kéo dai lén dic trung loi

cuon cua cdac dung dich 16i cuon va hiéu qua cua phwong phap lam sach mang

Trong khuon khod Luan an ndy, nghién ctru anh hudng cua thoi gian van hanh
kéo dai 1én ddc trung 161 cudn cua cac dung dich 161 cudn di duge thuc hién véi cac
thong s6 k¥ thuat chu yéu nhu trinh bay trong Bang 2.2. Két qua thi nghiém duoc
thé hién trong Hinh 3.37 — Hinh 3.43.

Bang 2.6. Thdng sb diéu kién van hanh chung cho hé thi nghiém nghién cau téi vu
hoa cac diéu kién van hanh cua hé théng mang FO khir man

Théng s6 van hanh Gia tri
Dung dich ban dau:
e Phia dong can xir ly Nuéde de-ion
e Phia dung dich 16i cuén MGDA 25%, hodc MAL 20%, hoéc
PVP 20%
Luu lugng dong vao:
e Phia dong can xir ly Tham khéo Bang 2.7
e Phia dung dich 16i cuén Diéu chinh theo chénh léch ap suét

Thong so dieu ki¢n van hanh khac:

e Nhiét do Tham khao Bang 2.7
e Hudng twong dbi cua dong vao Ngugc chiéu
e Chénh léch &p suat Tham khao Bang 2.7

Thoi gian thi nghiém 150 phut
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Bang 2.7. Cac thong sb cu thé caa mé hinh thi nghiém Box-Behnken

Nguwdng khao sat (levels)

Bién s6 Ky hiéu i
(variables) (factors) Thap Trung Cao
-1) binh (0) (+1)

Dung dich 16i cuén MAL 20% va Dung dich 18i cuén PVP 20%
Chénh Iéch ap suat dong vao X1 0,0 0,2 0,4
(bar)
Nhiét d6 van hanh (°C) X2 20 30 40
Luu lugng dong vao (mL) X3 200 250 300
Dung dich 16i cuén MGDA 25%
Chénh 1éch ap suat dong vao X1 0,0 0,2 0,4
(bar)
Nhiét @6 van hanh (°C) X2 20 30 40
Luu lugng dong vao X3 250 300 350
(mL/phat)

2.2.4.6. Nghién cwu hi¢u qud vdan hanh trén mau nwdéc nhiém mdn thuc té ciia

cdc dung dich 16i cuon

Trong khudn kho Luén 4n nay, bén canh cac nghién ciru trén ddi tuong dong
can xu 1y 12 mau nudc min mo phong, mot sb thi nghiém cling da duoc thuc hién
trén d6i tuong 1a mau nudc nhiém min thyc té (43 qua tién xtr Iy nham loai bo
thanh phan chét ran khong hoa tan c6 kich thudc > 5 um). Nghién ctru duogc thuc
hién véi cac thong sb ki thuat chi yéu nhu trinh bay trong Béang 2.8. Két qua thi
nghiém duoc thé hién trong Hinh 3.44 va Bang 3.16.
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Bang 2.8. Thong sb diéu kién van hanh chung cho hé thi nghiém nghién ctu hiéu
qua van hanh trén mau nudc nhidm man thue té

Théng s6 van hanh Gia tri
Dung dich ban dau:
e Phia dong can xir ly Mau nuée nhiém min thyc té
(d0 man khoang 10%o)
e Phia dung dich 16i cuén MGDA 25%, hoac MAL 20%, hodc
PVP 20%
Luu lugng dong vao:
e Phia dong can xir ly 250 mL/phat
e Phia dung dich 16i cuén Piéu chinh theo chénh léch ap suat

Thong so6 dieu kién van hanh khac:

e Nhiét do 30°C

e Hudng twong ddi cua dong vao Ngugc chiéu

e Chénh léch ap sut 0,4 bar (phia dong can xr 1y)

e Thoi gian thi nghiém 120 phut (mdi thi nghi¢m 1ap lai)

24 gid (tong toan bd cac thi nghiém)
Thong sb diéu kién hoan nguyén NF:
e Ap suit dong vao 10 bar
e Ty lé dong thai 90%

2.2.5. Phuong phap tinh toan va xir Iy s6 liéu
Hiéu qua 16i cudn cua dung dich 16i cuén duoc danh gia dya trén ba thong sd
chinh, bao gém thong lwong Jw, thong lugng Js, va hé sb ton hao Rds cia hé thong
mang FO. Cac thong s trén dugce tinh todn dua trén két qua thi nghiém thuc té trén
hé thong loc quy mo phong thi nghiém, cy thé nhu sau [222]:
moO — mt

W= ——— (Phwong trinh 4)
AXtxp

trong do:

e Jw — Thong lugng nudc 16i cudn qua mang trung binh tai thoi diém ldy mau
t (don vi: LMH), gia dinh anh huong cua hién tugng tham thau nguoc chét tan qua
mang ban thim 18n thé tich va khdi lugng cac dung dich 12 khong dang ké

e MO — Khéi luong ban dau cta dung cu chira dung dich can xt 1y (don vi: g)

e mt — Khéi luong cia dung cu chira dung dich can xtr Iy tai thoi diém lay
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mau t (don vi: g)
e t— Thoi gian van hanh cia hé thng tinh dén thoi diém 14y mau (don vi: h)
e A —Dién tich hoat dong ctia mang FO, x4c dinh = 0,0042 m?

e p— Khdi lugng riéng cia nude, xac dinh = 0,001 g/L

_ Ctx(VoO-JwXxtxA)
- tx A

Js (Phwong trinh 5)

trong do:

e Js — Thong luong chét 16i cudn tham thiu nguoc qua mang trung binh tai
thoi diém 14y méu t (don vi: GMH), 4p dung riéng cho khi dong can xir 1y 13 nudc
de-ion

e Ct— Ham luong mudi ctua dong can xir Iy tai thoi diém 1y méu t (g/L)

e VO — Thé tich ban dau ciia dong can xtr 1y (L)

e Jw — Thong luong nude 16i cudn qua mang trung binh tai thoi diém 1dy mau
t (don vi: LMH)

e A —Dién tich hoat dong ciia mang FO, x4c dinh = 0,0042 m?

e t— Thoi gian van hanh cta hé thong tinh dén thoi diém 1y mau (don vi: h)

s
Rds = ]]; (Phwong trinh 6)

trong do:

e Rds — Hé s6 ton hao chét 16i cudn cua hé thong mang FO (don vi: g/L nudc
sach)

e Jw — Gi4 tri thong luong nudc 16i cuén qua mang trung binh duge sir dung
dé tinh toan (don vi: LMH)

e Js— Gia tri thong luong chat 16i cudn tham thau nguoc qua mang trung binh
duogc str dung dé tinh toan (don vi: GMH), xac dinh khi dong can xur Iy 1a nudc de-
ion

Dbi voi nhitng khao sat thuc hién trong thoi gian van hanh ngin, thi nghiém
duoc tién hanh lap lai t6i thiéu nam lan va duoc phan tich ANOVA trén phén mém
Microsoft Excel 2016 nhim dam bao d¢ tin cay cta két qua trén 95%. Trong trudng
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hop xudt hién gia tri két qua bat thuong, thi nghiém s& dugc tiép tuc tién hanh lip
lai theo timg nhém ba 1an va loai bo nhitng gia tri két qua bat thudng, sao cho gia tri
két qua trung binh cudi cing s hiru do tin cdy trén 95%. Trong trudng hop tién
hanh thi nghiém Iap lai, két qua s€ dugc trinh bay theo dinh dang Gia tri trung binh
+ D§ 1éch chuan, hodc dudi dang Gia tri trung binh va thanh sai s6 dai dién cho Do

léch chuén trén d6 thi.

Dbi voi nhitng khao sat thuc hién trong thoi gian van hanh kéo dai, mdi thi
nghiém chi dugc tién hanh mot 1an khong 13p lai. Két qua sau d6 s& duogc xir 1y trén
phan mém Microsoft Excel 2016 va phian mém Design Expert 12 nham so sanh sy

kh&c biét giita cac gia trj thay d6i theo thoi gian.

Bén canh d6, phuong phap bé mit ddp ung xdy dung trén co so thiét ké thi
nghi¢ém Box—Behnken 3 cép do cling da dugc su dung nham t6i vu hoa diéu kién
van hanh cua hé théng mang FO. Khoang khao sat dugc Iwa chon 13 cac khoang gia
tri xung quanh gia tri phit hop nhat da xac dinh trong nhimng nghién ctru twong tng,
va s€ dugc trinh bay cu thé tai cac muc lién quan thuéc Chuwong 3. Két qua va
thao luan. Qua trinh thiét ké va xir ly s6 liéu thi nghiém duogc thuc hién mdt cach tu

dong trén phan mém Design Expert 12.
2.2.6. Phuong phap phén tich tinh chit cia mang FO

Kha ning tham thau ciia mang FO duoc danh gia thong qua tién hanh mot sd
thi nghiém trén hé thong mang FO theo quy trinh d3 mo ta trong Muc 2.2.3.2, véi
dung dich dong can xtr 1y 1a nudc de-ion, va dung dich 16i cuén 13 dung dich mudi
mo phong tai cac ndng do khac nhau. Gia tri théng lwong Jw va thong luong Js
dugc so sanh véi cac gia tri do nha san xuat cung cip, nham danh gia anh hudng

clia qué trinh bao quan 18n tinh chat chon loc thAm thau ctia mang FO.

Anh huéng cua qua trinh van hanh kéo dai 1én ciu trac bé mit cia mang FO
dugce danh gia thong qua phuwong phap phan tich kinh hién vi dién tir quét (SEM).
Trude tién, mang FO dugc lay ra khoi hé thiét bi thi nghiém ngay sau khi thi
nghiém két thiic, sau d6 duoc rira nhanh bang nuéc de-ion nhim loai bo phan dung
dich dong can xir 1y hodc dung dich 161 cudn con bam lai trén bé mat mang, roi duoc
lam kho bang gidy loc va ma mot 16p hop kim vang — paladin 1én bé mit str dung
thiét bi lang dong phun xa. Anh SEM ctia mau bé mit mang FO duoc chup trén
thiét bi phan tich kinh hién vi dién tir quét Jeol SM-6510LV (Jeol, Nhat Ban) tai
dién ap gia tc trong khoang 8 — 12 kV va do phong dai trong khoang 500 — 2.000

lan.
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CHUONG 3. KET QUA VA THAO LUAN
3.1. PAC TRUNG THAM THAU CUA MANG BAN THAM

Dua vao Hinh 3.1 va Hinh 3.2, c¢6 thé thiy duoc riang khong ton tai khac biét
dang ké giira két qua thi nghiém thu dugc trong khuén khé Ludn 4n nay, va nhimng
két qua thi nghiém duoc thue hién trong mét sb nghién ctru trude d6 trén cung doi
trong mang ban tham [68]. Piéu nay cho thdy mang TFC duoc lwa chon st dung
trong khuon khod Luén 4n ndy sé hitu tinh 6n dinh cao, déng thoi cho phép so sanh
nhitng két qua thu duoc tir nghién ctru ndy véi két qua danh gia kha ning 16i cudn

cua mot s chat 161 cuon khéc timg dugc cong bo.

® P6 min cia dung dich 16i cuén (don vi: %o = g/L)
® NaCl 10%o NaCl 15%o NaCl 20%eo NaCl 25%o

¢ NaCl 30%o ® NaCl 40%o e NaCl 50%o e NaCl 60%o
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Thoi gian van hanh (phut)

Hinh 3.1. Thé tich nuéc thim thau qua mang khi sir dung dung dich 16i cuén voi
nong d6 NaCl thay doi trong khoang 10 — 60 %o
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’ 10% 15%0  20% 25% 30% 40% 50% 60% NSX
Nong d9 dung dich 16i cuén NaCl (don vi: %o = g/L)

Jw(LMH) 495 6,57 8,10 8,19 848 1057 1295 1467 15,00

Hinh 3.2. Thong luong Jw khi st dung dung dich 16i cudn véi ndng do NaCl thay
d6i trong khoang 10%o — 60%eo

Cu thé, két qua nghién ctru thé hién trén Hinh 3.1 cho thiy, khi van hanh lién
tuc hé thong mang FO dén khoang thoi gian 150 phut, thi thé tich nudc tham thiu
qua mang ting dan déu theo thoi gian tai moi nong d6 dung dich 16i cudn NaCl.
Diéu nay ching minh dugc rang hé thong thi nghiém da duoc thiét ké mot cach phu
hop, cho phép qua trinh van hanh hé théng mang FO dién ra mot cach on dinh trong
khoang thoi gian dén 150 phut va thé tich nude tham thdu qua mang dén 154 mL,
ma khong tao thanh anh huéng dang ké 1én hiéu qua 16i cubn cua dung dich 16i
cudn. Noi cach khac, hién tuong pha lodng dung dich 16i cudn giy ra boi su thim
thiu cta nudc qua mang ban thim da khong tao thanh anh huong dang ké dén cac
két qua thi nghiém dugc thuc hién trong gidi han thoi gian van hanh dudi 150 phit

va thé tich nudc thim thau qua mang dudi 154 mL.

Dang chu ¥ hon, két qua nghién ctru trén Hinh 3.2 cho thy khi nong d6 dung
dich 16i cuén NaCl ting 1én trong khoang 20%o — 30%o thi khong ton tai khac biét
thdng ké gitra cac gia tri thong luong Jw thu dugc. Nguyén nhan din téi hién tugng

nay co thé duoc giai thich trén co s¢ hién tugng phan cuc n6ng dd cuc bd trong
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mang (ICP) va hién twong phan cuc ndng d6 cuc bd ngoai mang (ECP). Cu thé, khi
kha ning 16i cubn cta dung dich 16i cudn vuot qua moét ngudng nhét dinh, hién
tuong phan cuc nff)ng do cuc bo sé trd nén dic biét nghiém trong, dan téi mac do gia
tang cua trd luc tham thau gay ra boi hién tugng phan cuc n(‘”)ng do cuc bo tré nén
can bang voi mirc do gia ting cua ap sudt thim thdu do dung dich 16i cubn tao
thanh. Diéu nay khién cho mtrc d gia ting hiéu qua 16i cudn chung cua dung dich
16i cudn khi ting néng d6 dung dich 16i cudn tré nén khong dang ké, mot “khoang

chitng” vé mit gia tri thong luong Jw [80].

Tuy nhién, do dung dich dong can xtr Iy duoc sir dung trong khuén kho nghién
ctru ndy 13 nudc de-ion, nén hién tugng phan cuc néng do chi chu yéu xay ra tai
phia dung dich 161 cudn. D@)ng tho1, kha nang tao thanh tré luc tham thau cua hién
tuong phan cuc néng do cuc bd cling phu thudc nhiéu vao hiéu qua chuyén khoi cta
nude bén trong dung dich 16i cudn. Boi vay, khi nong do dung dich 16i cudn ting
vuot qua ngudng 30%o, thi mirc d6 gia ting trd lyc thim thu gay ra boi hién tuong
phan cuc ndng do cuc bo da khong thé duy tri can bang voi mic do gia ting cla ap
suat tham thau do dung dich 16i cudn tao thanh, dan t6i két qua thong lugng Jw tiép

tuc tang khi ting ndng d6 dung dich 16i cudn.

Bén canh do, ciing c6 thé thiy duogc rang thé tich nudc tham thiu qua mang
sau moi khoang thoi gian (cu thé 1a sau mdi 15 phut) khong phai 1a mot gia tri 6n
dinh, ma xuat hién su dao dong nhét dinh xung quanh duong gia tri trung binh dang
tuyén tinh. Nhiéu yéu t6 khic nhau c6 thé dan toi hién tuong trén, tuy nhién chii yéu
nhat 13 do nhitng thay di lién tuc vé mit ndng d6 dung dich 16i cudn trong sudt qua
trinh van hanh, ciing nhu nhitng thay d6i vé mit ché d6 dong bén trong modul thi
nghiém gay ra boi thiét ké duong dan dong vao ciia modul thi nghiém va ché do van

hanh cua bom.

Nhin chung, mang TFC trong khudén kh6 nghién ctru nay dugc xac dinh 1a sé
hiru tinh chat tham thau twong dbi phu hop véi cong bd clia nha san xuat, véi mic
chénh 1éch tai ndong do chat 16i cudén twong duong (dung dich NaCl nong do 60%o,
tuong duong 1 mol/L) chi khoang 2,2%.

Mot yéu to ddng quan tdm khac ctia qua trinh mang FO 14 thong lugng Js, véi
két qua thi nghiém dugc trinh bay trong Hinh 3.3. Cu thé, khi ting néng d6 dung
dich 16i cuén NaCl tir 10%o 1én 60%o thi thong luong Js ciing sé& ting 1én, dic biét 1a
sau ngudng néng d6 NaCl 30%.. Diéu nay c6 thé giai thich 1a do ca dung méi nudc
va cac chat tan khac trong dung dich déu c6 xu hudng di chuyén tir noi ¢6 ndong do

cao hon vé noi c6 nong d thap hon. Boi vay, trong qua trinh van hanh, bén canh
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dong nude tham thau xudi tir dung dich dong can xir Iy sang dung dich 16i cudn, thi
ciing s& ton tai dong chat 16i cudn thdm thau nguoc tir dung dich 16i cudn sang dung
dich dong can xir Iy, dong thoi thong lwong thim thiu nguoc ndy sé ting dan theo
né)ng dd ban dau cua dung dich 161 cudn. Pic biét, khi chit 16i cudn c6 khdi luong
phan tir thip hodc c6 kha ning phén ly thanh cac ion véi kich thudc twong ddi nho,

thi hién twong thAm thdu nguoc cia chit 16i cudn xay ra cang nghiém trong.

Sy ting manh cua théng luong dong thdm thiu nguoc sau ngudng ndng do
dung dich 16i cudn NaCl 30%o c6 thé dugc giai thich 1a do dong luc thim thiu ty
nhién da tdng nhanh vugt qua lyc can chon loc tir mang loc, va/hodc do néng do

dung dich 16i cubn di vuot qua ngudng thiét ké ciia mang ban tham.
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Nong dd dung dich 16i cuén NaCl (don vi: %o = g/L)

Js(GMH) 092 125 1,64 1,76 204 278 387 526 5,50

? > 2

Hinh 3.3. Thong luong Js khi st dung dung dich 16i cudn véi ndng do NaCl thay
d6i trong khoang 10%o — 60%eo

3.2. KHA NANG LOI CUON CUA MOT SO LOAI DUNG DICH LOI CUON
3.2.1. Kha niing 16i cudn ciia dung dich 16i cuén MAL

Nham danh gia dic trung 16i cudn cta dung dich 16i cudn, mot s thi nghiém

mang tham thau xudi két hop hoan nguyén bang mang NF da duoc tién hanh véi
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cac diéu kién van hanh chung nhu trinh bay trong Bang 2.4, va nong d6 cua dung
dich 16i cudn MAL thay doi trong khoang 5% — 30%. Két qua nghién ctru duoc
trinh bay cu thé trong Hinh 3.4 va Hinh 3.5.
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0% 10%o0 15%o 20%o 25%o0
Nt)ng do NaCl caa dong can xir Iy (dom vi: %o = g/L)
MAL 5% 3.29 0,00 0,00 0,00 0,00
= MAL 10% 5,39 0,00 0,00 0,00 0,00
MAL 15% 8,15 2,77 1,10 0,00 0,00
MAL 20% 10,61 5,51 3,74 2,19 0,00
E MAL 25% 11,19 6,00 3,99 2.39 0,00
m MAL 30% 11,56 0,42 4,10 2,52 0,00

Hinh 3.4. Bic trung thong luong Jw cua dung dich 16i cuén MAL tai nhitng nong
d6 dung dich 16i cubn va do man dong can xu ly khéc nhau

* oid tri Jw = 0,00 LMH thé hién khéng ton tai dong tham thau sang phia dung dich 16i cuon

Nhin chung, c6 thé thay rang két qua nghién ciru thu dugc 1a kha tuong dong
v6i mot sd két qua lién quan da cong bd trude do [66]. Cu thé, xét vé khia canh
thong luong Jw (Hinh 3.4), dung dich MAL cho gia tri cao nhét 1a 11,56 LMH tai
diéu kién dong can xir 1y 1a nu6c de-ion va dung dich 16i cudn c6 nong do 30%. Tuy
nhién, gi tri thong lwong Jw chi ting dang ké khi ndng do dung dich 16i cuén MAL
tang tir 10% dén 20%, con néu vugt qua ngudng nay thi théng luong Jw tiép tuc
tang 1én khong dang ké. Xu hudng trén dic biét rd rang khi dong can xur 1y 1a nudc
mudi moé phong, va co thé giai thich 1a do sau ngudng ndong d6 MAL 20% thi hién
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tuong phan cuc nong do cuc by da xay ra nghiém trong hon dang k&, nang cao trd
luc d6i vaoi su tham thau cia nudec qua mang va lam giam hiéu qua cai thién thdng

lwong Jw khi ting ndng d6 dung dich 16i cudn.

Bén canh do, khi d6 min cta dong can xur 1y ting 1én thi gia tri théng luong
Jw ciing giam xudng, do do chénh 1éch vé& mit ap suét thim thau tu nhién giita dong
can xir Iy va dung dich 16i cubn giam xudng. Dic biét, ngay tai ngudng dé min cua
dong can xtr Iy 14 15%o thi thong luong Jw da giam xudng dudi 5 LMH tai moi ndng
do dung dich 161 cudn, cho théy dung dich 161 cuén MAL khong dat hi¢u qua cao
trong ung dung khir man cho nudc nhiém min véi dd man qué cao. Tai ngudng
néng do cua dung dich 161 cudn MAL 1a 30% va d6 man cua dong can xu ly 1a
10%o, gia tri thong lugng Jw trung binh sau 150 phat van hanh co thé dat dén 6,42
LMH.
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Nong d6 cia dung dich 16i cuén MAL
Js(GMH) 046 0,94 1,56 2,56 3,48 4,65

Hinh 3.5. Théng luong Js caa dung dich 16i cuén MAL tai cac ndng d6 dung dich
16i cudn khac nhau
Péng chu ¥, ¢6 thé thdy ngay tai ngudng ndng d6 1én dén 30% thi dung dich
161 cuébn MAL cling thé hién gia tri thong luong Js kha thfip, dac biét 1a khi so sanh
v6i dung dich 16i cuén duoc chuan bi bang mudi NaCl (Hinh 3.3 va Hinh 3.5).
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Diéu nay c6 thé giai thich 13 do chét 16i cudén maltodextrin c6 khdi lwong phén tu
tuong d6i cao va khong phan ly thanh cac ion véi kich thude nhd, boi vay kh di
chuyén qua mang ban thdm hon so voi nhitg chit 161 cudn c6 khéi lwgng phan tir
turong dbi nho va dé phan ly thanh céc ion véi kich thuéc nho nhu mubi NaCl. Dau
vay, khi nong d6 cua dung dich 16i cudn ting 1én thi théng luong Js ciing ting 1én

tuong ung, dic biét 1a sau ngudng nong do 15%.
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Nong d¢ cia dung dich 16i cuéon MAL
Rds(glL) 0,14 0,17 0,19 0,24 0,31 0,40

Hinh 3.6. Hé s ton hao Rds cua dung dich 18i cuén MAL tai céc nong do dung
dich 18i cuén khéc nhau

Hé s6 t6n hao Rds duoc danh gia dua trén ty sb giita thong luong Js va thong
luong Jw, nhu thé hién trong Hinh 3.6. Két qua nghién ctru cho thiy, mang TFC
cho hiéu qua chon loc tham thau ddi voi chat 16i cudn maltodextrin tuong ddi tét,
v6i hé sé ton hao Rds dat gid tri thip nhat khi nong d6 dung dich 16i cudn khong
vuot qua 15%, va tang manh khi néng dé dung dich 161 cudn tang dén trén 15%.
Nguyén nhan dan téi xu hudng thay dbi nay co thé 1a do nhimng tac dong mang tinh
két hop gitra su ting lién tuc ctia thong lugng Js khi ndng do6 cua dung dich 16i cudn
tang 1én, va “khoang chimg” vé thong luong Jw giy ra bai hién tuwong phan cuc

nong do cuc bo.
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Tir nhitng két qua trén, dung dich 16i cudn MAL véi nong do 20% da dugc lya
chon dé str dung cho nhirng thi nghiém tiép theo. Khi d6, d6 min tdi da phu hop
nhit ctua dong can xir Iy duoc xac dinh 1a 10%o, v&i gia tri thong lugng Jw trung
binh sau 150 phit van hanh c6 thé dat d¢én 5,51 LMH. Tai buéc hoan nguyén bang
phuong phap loc qua mang NF ép lyc thip, ngudn nuée sach dau ra thu dugc c6 chi
s6 TDS 1a khoang 350 mg/L, thip hon dang ké so véi ngudng t6i da theo huéng dan
ciia WHO [223] va quy chudn qudc gia QCVN 01-1:2018/BYT [224] dbi véi nudce
sinh hoat 13 1.000 mg/L. Mtc do ton hao trung binh cta chat 16i cudn tai bude loc
qua mang NF duoc x4c dinh 1a khoang 2,46%.

3.2.2. Kha ning 16i cudn ciia dung dich 16i cuén PVP

Nham danh gia dic trung 161 cudn cua dung dich 16i cudn, mét sb thi nghiém
mang thdm thau xudi két hop hoan nguyén bang mang NF di duoc tién hanh véi
céc diéu kién van hanh chung nhu trinh bay trong Bang 2.4, va nong do cua dung
dich 16i cuén PVP thay ddi trong khoang 5% — 25%. Két qua thi nghiém duoc trinh
bay cu thé trong Hinh 3.7 va Hinh 3.8.

Két qua nghién ciru cho thay, nhin chung thi cac dic trung 16i cuén cia dung
dich 16i cudn PVP 1a kha twong dong so véi dung dich 16i cuén MAL. Diéu nay ¢
thé giai thich 1a do ca PVP va MAL déu 13 cac hop chit cao phan tir va khong c6
kha ning phén ly thanh nhiing ion c6 kich thudc nho, bai vay mot sb tinh chat cia
chung thé hién ra khi hoa tan trong nudc 1a kha giéng nhau, dan t6i sy twong dong
giita ddc trung 16i cudn duoc danh gia trong khudn khd nghién ctiru cia Luan an
nay. Dau vay, do so hiru cAu tric hoa hoc khac nhau, nén hai nhom chat 16i cudn

trén ciing thé hién mot sé dic trung 16i cudn khéng hoan toan twong dong.

Pang chi y, kha nang 16i cudn cua dung dich 16i cudn PVP 14 tuong dbi cao,
dat t6i khoang 14,78 LMH trong trudng hop dung dich 16i cubn dugc st dung co
noéng d6 25% va dung dich dong can xir 1y 12 nudc de-ion. Didu nay cho thay dung
dich PVP sé hiru kha ning 16i cuén nude tét hon dang ké so véi dung dich MAL.
Tuy nhién, t6n tai mot diém khac biét, d6 1a néu nong d6 dung dich 16i cuén PVP
tang vurot qua ngudng nhat dinh (trén 25%), thi thong lwong Jw lai khong tiép tuc
tang 1én ma tham chi con xuat hién xu hudng giam xudng. Piéu ndy c6 thé giai
thich 1a do dung dich PVP s¢ hiru d6 nhét twong d6i cao, gdy anh huong dén ché do
dong chay cta dung dich 16i cudn bén trong modul thi nghiém.

Mot khac biét quan trong khac gitta dung dich 16i cuén PVP va dung dich 16i
cuébn MAL 1a khi dong can xir 1y duoc thay bang nudc nhiém min mé phong thi
thong lugng Jw tao thanh boi dung dich 16i cuén PVP xuét hién dau hi¢u giam
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manbh, xuéng con khoang 8,56 LMH khi d0 man dat 10%o0 va khoang 4,74 LMH khi
do man dat 15%o. Tham chi, khi d0 man cua dong can xu 1y tang dén 20%o thi dung
dich 16i cubn PVP di khéng con kha ning cho hiéu qua 16i cudn dang ké. Hién
tuong nay co thé giai thich 1a do di xay ra twong tac giita chit 16i cuén PVP va
mudi NaCl tai khu vuc tiép xuc gitra hai dung dich bén trong va xung quanh bé mit
mang ban thim, gdy ra hién tuong suy giam kha ning thim thdu ctia mang ban
thAm. Noi cach khéac, dung dich 16i cubn PVP duoc xac dinh 1a khong phu hop dé
st dung trong nhitng tng dung khir man khi dong can xt 1y s¢ hitu d6 man vuot

qua ngudng 10%eo.
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PVP 5% 4,80 0,00 0,00 0,00 0,00
u PVP 10% 7.84 0,97 0,00 0,00 0,00
PVP15% 1138 4,14 0.00 0.00 0,00
PVP20% 1452 8.45 475 0,00 0,00
m PVP25% 14,78 8,56 4,74 0.00 0,00
m PVP30% 1432 8.25 432 0,00 0,00

Hinh 3.7. Bic trung thong luong Jw cia dung dich 16i cudn PVP tai nhitng nong do
dung dich 16i cuén va d6 man dong can xu 1y khac nhau

* gid tri Jw = 0,00 LMH thé hién khéng ton tai dong tham thau sang phia dung dich 16i cuén
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Hinh 3.8. Théng lwong Js caa dung dich 16i cuén PVP tai cac nong do dung dich 16i
cudn khac nhau

Xét vé dic trung ton hao chét 16i cudn do hién tuong chét 16i cudn thAm thiu
nguoc qua mang, ¢ thé thdy rang mang ban thim duogc st dung s& hitu kha ning
chon loc tham thau dbi véi chat 16i cuén PVP t6t hon so véi chét 16i cudn MAL, thé
hién qua viéc thong luong Js ctia dung dich 16i cuén PVP thip hon dang ké so voi
dung dich 16i cuén MAL (Hinh 3.5 va Hinh 3.8). Biéu nay c6 thé giai thich 1a do,
kich thudc phén tir trung binh cua chat 16i cudn polyvinylpyrrolidon cao hon dang
ké so voi chat 16i cuén maltodextrin, va boi day 1a nhitng hop chat khong phén ly
khi phan tan trong moi truong nudc, nén cac phan tir polyvinylpyrrolidon cling khé

di chuyén qua cau truc x6p cua mang ban tham hon so vdi cac phan tir maltodextrin.

Tu nhiing két qua trén, dung dich 161 cudn PVP véi nff)ng do 20% da duoc lua
chon dé str dung cho nhimng thi nghiém tiép theo. Khi d6, 6 man tdi da phu hop
nhit cta dong can xir Iy duoc xac dinh 1a 10%o, v6i gia tri thong lugng Jw trung
binh sau 150 phiit van hanh c6 thé dat dén 8,45 LMH. Tai buéc hoan nguyén bang
phuong phap loc qua mang NF ap lyc thip, ngudn nude sach dau ra thu dugc ¢ chi
s6 TDS 1a khoang 275 mg/L, thap hon dang ké so véi ngudng t6i da theo hudng dan
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ciia WHO [223] va quy chudn qudc gia QCVN 01-1:2018/BYT [224] dbi véi nudce
sinh hoat 1a 1.000 mg/L. Muc do ton hao trung binh cua chét 16i cudn tai budc loc

qua mang NF dugc xac dinh 14 khoang 1,86%.
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Hinh 3.9. Hé sé ton hao Rds caa dung dich 18i cudn PVP tai cac ndng do dung dich
16i cubn khac nhau

3.2.3. Kha ning 16i cudn ciia dung dich 16i cuén MGDA

Nham danh gia dic trung 161 cudn cta dung dich 16i cudn, mét sb thi nghiém
mang thdm thiu xudi két hop hoan nguyén bang mang NF di duoc tién hanh véi
cac diéu kién van hanh chung nhu trinh bay trong Bang 2.4, va nong do cua dung
dich 16i cubn MGDA thay dbi trong khoang 5 — 25 % (ty 18 theo khéi luong luong
gifra chét 16i cubn MGDA-3Na va axit citric duoc lya chon 13 85:15, tuong ing véi
gia tri pH cta dung dich dat khoang 9,5). Két qua thi nghiém duoc trinh bay cu thé
trong Hinh 3.10 va Hinh 3.11.

Két qua nghién ctru cho thay, tai ty 16 mudi MGDA-3Na duoc lya chon, dung
dich 16 cuén MGDA thé hién dic trung 16i cudn kha tuong dong véi nhiing loai
dung dich 16i cudn khac da biét trudc d6, voi gia tri thong luong Jw tang dan khi
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ting ndng d6 dung dich 16i cudn. Pang chu ¥, hién tuong phan cuc ndng do cuc bo
dugc xac dinh xay ra trong khoang nong d6 dung dich 16i cuén 10% — 15%, thé hién
qua viéc théng luong Jw chi ting khong dang ké khi ting ndng d6 dung dich 16i

cudn tir 10% 1én 15% (d6i v6i dong can xir Iy 1a nudc de-ion).
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= MGDA 10% 7,26 1,90 1,78 0.00 0,00
MGDA 15%  7.62 5,60 3,67 0.95 0,00
MGDA 20%  8.79 6,01 4.19 3.49 0,00
® MGDA 25% 923 5.83 5,05 4.66 0,00
® MGDA 30% 9,90 5,61 4.86 4,54 0,00

Hinh 3.10. Pic trung thong lwong Jw cua dung dich 16i cuén MGDA tai nhitng
nong d6 dung dich 16i cubn va dé6 man dong can xu ly khac nhau

Khi so sanh véi cac dung dich 16i cudn khac nhu dung dich 16i cuén MAL hay
dung dich 16i cudn PVP, c6 thé thay rang dung dich 16i cubn MGDA mic du cho
gia tri thong luong Jw ddi véi dong can xir 1y 12 nude cét thip hon (chi khoang 9,90
LMH tai ndng d6 dung dich 16i cudn 30%), tuy nhién kha ning 16i cudn cta dung
dich 16i cuén MGDA lai duy tri trong d6i 6n dinh khi ting d6 min cta dong can xur
ly. Cu thé, khi d6 min cta dong can xu 1y ting tir 0%o dén 20%o, thong luong Jw
ctia dung dich 16i cuén MAL 20% di giam tir 10,61 LMH xuéng con 2,19 LMH
(giam khoang 80%), trong khi thong luong Jw cia dung dich 16i cudn PVP 20%
cling giam tir 14,52 LMH xudng con 0,00 LMH (dung dich 16i cuén mat kha niang
16i cudn). Nguoc lai, dudi cing diéu kién thi nghiém, thong lwong Jw ciia dung dich
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16i cubn MGDA 25% chi giam tir 9,23 LMH xudng con 4,66 LMH (giam khoang
50%).

Hién tuong trén co thé dugc giai thich trén co s cdu trac phén tir va dic trung
phan ly trong dung dich cua céc chat 16i cudn duoc lya chon. Cu thé, nhu da dé cap,
ca maltodextrin va polyvinylpyrrolidon déu 1a nhitng hop chit cao phan tir wa nudc,
c6 thé truong nd va tao thanh ciu trac mang dinh nhét khi tiép xuc véi nude, hoidc
khi dung dich cua chiung bi tach nudc dén mirc do nhit dinh. Béi vay, khi xay ra
hién tugng phan cuc néng do cuc bo bén trong va/hodc bén ngoai mang, nhirng chat
16i cudn nay c6 thé tao thanh mét sb cdu tric gay can tré su chuyén khéi cua nudc,
dan t6i gia tri thong lwong Jw tré nén thap hon so véi ky vong. Nguoc lai, qua trinh
hoa tan cua ca MGDA-3Na va axit citric déu dién ra mot cach truc tiép hon, nho
vy han ché dang ké anh hudng ctia hién twong phan cuc néng do cuc bd xay ra tai

nhing khoang nong d¢ dung dich 16i cudn qua cao.
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Hinh 3.12. Hé s6 ton hao Rds cua dung dich 16i cubn MGDA tai cac nong d6 dung
dich 18i cuén khac nhau

Nguoc lai, khi xét v& mit théng lugng Js va hé sé ton hao Rds (Hinh 3.11 va
Hinh 3.12), thi dung dich 16i cuén MGDA khong xuét hién xu hudng thay ddi qua
khac biét so voi dung dich 16i cudn PVP va dung dich 16i cubn MAL. Nhin chung,
hién tuong chat 16i cuén thdm thau ngugc qua mang trd nén nghiém trong hon khi
tang néng do dung dich 16i cudn, dic biét 1a sau ngudng ndéng do dung dich 16i cubn
MGDA 25%.

Nhiam danh gia chinh xac hon hi€u qua cua dung dich 161 cuén MGDA, mdt s6
thi nghiém so sanh t6 hop dung dich 16i cudn nay véi dung dich 16i cudn chira mudi
natri cta axit citric (CA-3Na) [218] ciing dd duoc thuc hién. Két qua nghién ctru cu
thé dugc trinh bay trong Hinh 3.13 va Hinh 3.14.

Danh gia cac két qua dbi véi dung dich 16i cubn CA-3Na, co thé thiy ton tai
mot s6 khac biét nho gitra nghién ctiru nay, va cong bd trudc do cuia Yang va cong
su [218]. Hién tuong trén co thé duoc giai thich 1a do tdn tai nhiing khéc biét lién
quan dén loai mang ban tham va diéu kién thi nghiém gitta hai nghién ctru. Tuy

nhién, nhin chung thi xu huéng thay doi cua gia tri thong lwong Jw va gia tri thong
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luong Js khi thay d6i nong d6 dung dich 161 cuén CA-3Na 1a twong dong giita hai
nghién ctru, cho thiy hoan toan c6 thé sir dung nhitng két qua nay dé so sanh hiéu
qua 16i cudn giita hai dung dich 16i cuén CA-3Na va dung dich 16i cubn MGDA.

10,00
g 10
5 9,00
=11]
£ 8,00
=
= 7,00
=
< 6,00
=
g 5,00
]
S
£ 4,00
S 3,00
§' 2,00
=T}
S 1,00
=
[
0,00
5% 10% 15% 20% 25%
Nong dd cia dung dich 16i cuén
= MGDA 4,45 7,26 7,62 8,79 9,23
m CA-3Na 3.94 5.87 6,97 8,14 9,01

Hinh 3.13. Dic trung thong luong Jw caa dung dich 16i cuon MGDA va dung dich
16i cubn CA-3Na tai nhitng ndng d6 dung dich 16i cuén khac nhau

Dua vao nhiing két qua di trinh bay, c6 thé nhdn thiy ring tai ciing ngudng
néng do dung dich dugc Iya chon, dung dich 161 cudn MGDA cho hiéu qua 161 cudn
vuot troi so voi dung dich 161 cudn CA-3Na, thé hién qua gié tri thong luong Jw cao
hon va gia tri thong lwong Js thap hon. Dic biét, khi ndong d6 cua dung dich 16i cubn
dudi 25%, ton tai khac biét vé mat thong ké giira thong lugng Jw tao thanh boi dung
dich MGDA va thong luwong Jw tao thanh béi dung dich CA-3Na (Hinh 3.13). Hién
tugng trén c6 thé duoc giai thich 1a do, tai nhimg ngudng ndng do thap, hé chat 16i
cubn MGDA-3Na va axit citric phdn ly trong nudc tét hon so v6i mudi CA-3Na
(axit yéu va mudi natri cta axit yéu chi phan ly mot phan trong dung dich), bai vay
tao thanh dung dich 16i cudn voi ap suit thAm thau hon. Tuy nhién, khi ndng d6 cia
dung dich ting 1én thi dic trung phan ly cta hai hé chat 16i cudn gan tré nén tuong

duong nhau, dan t&i gia tri thong luong Jw tao thanh béi hai loai dung dich 16i cuén
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khong con ton tai khac biét dang ké vé mat thong ké.

Mic du vay, do viéc bd sung axit citric nén tai ciing ngudng nong do chung
ctia dung dich 16i cudn thi ndng d6 thuc té ciia mudi MGDA-3Na trong dung dich
luén thdp hon so v&i ndong do ciia mubdi CA-3Na, dan tdi thanh phan cia ion Na*
trong dung dich MGDA c¢6 thé thip hon so v6i thanh phan ciia ion Na* trong dung
dich CA-3Na véi ciing ndng d6. Ngoai ra, do gdc axit hitu co ciia ca mudi MGDA -
3Na va mudi CA-3Na (gbc axit citric) déu sé hiru cdu tric phan tir twong ddi cong
kénh, han ché sy di chuyén ctia cc ion phan ly ndy qua cdu trac x6p ctia mang ban
tham, nén hién tuong chat 16i cudn tham thau nguoc qua mang chu yéu gay ra boi
su di chuyén cua ion Na* (cling nhu ion H* theo chidu nguoc lai) qua mang ban
tham. Boi nhitng nguyén nhén trén, nén nhin chung dung dich 16i cuén MGDA da
thé hién gia tri thong luong Js va hé sb t6n hao Rds thip hon khéng qua déng ké so
v6i dung dich 161 cuén CA-3Na (Hinh 3.14 va Hinh 3.15).
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Hinh 3.14. Pic trung thong lwong Js caa dung dich 16i cubn MGDA va dung dich
16i cubn CA-3Na tai nhitng ndng d6 dung dich 16i cuén khac nhau
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Hinh 3.15. Pic trung ton hao chit 16i cudn do tham thau nguoc cta dung dich 16i
cuén MGDA va dung dich 16i cubn CA-3Na tai nhitng néng do dung dich 16i cudn
khéc nhau

Két qua nghién ctru anh hudéng cua ty 16 mudi MGDA-3Na va axit citric trong
dung dich 16i cubn MGDA 25% 1én dic trung 16i cudn cua dung dich (Hinh 3.16,
Hinh 3.17, va Hinh 3.18) cho thay, khi ty 16 muéi MGDA-3Na trong dung dich
cang cao thi gia trj thong luong Jw thu duoc cang cao, dong thoi gia tri thong luong
Js va hé s6 tén hao Rds thu duoc cang thap. Két qua nay di gop phan 1an nira khing
dinh déc trung 161 cudn uu viét cia muéi MGDA-3Na khi so sanh véi mudi CA-
3Na, cling nhu khfmg dinh vai tro phu trg nham muc dich diéu chinh d6 pH cua axit
citric trong dung dich 16i cubn MGDA. Tuy nhién, ciing can luu ¥ rang, mic du gia
trj trung binh ctia cac thong sb danh gia ton tai xu hudng thay d6i twong ddi 16 rang,
nhung su khac biét vé& mit théng ké giira nhitng gia tri nay 1a khong du dang ké. Boi
vy, mot sb thay ddi nho vé mit ty 1& cac phan tir va ion phan ly trong dung dich 16

cuébn MGDA gay ra béi hién tugng tham thau va thdm thau nguoc ciing s& khong
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tao thanh anh hudéng dang ké 16én dic trung 16i cudn cua dung dich nay.

Ngoai ra, khi ty 1& khdi luong cua axit citric trong dung dich MGDA qua thap
(khoang dudi 10%) thi d§ pH cta dung dich s€ tdng 1én vuot ngudng gidi han van
hanh 6n dinh ciia mang ban thim (pH < 10). M6t s thi nghiém so bd di cho thay,
khi d0 pH ctua dung dich MGDA vugt qua ngudng nay, thi 16p loc cua mang ban

thAm s& nhanh chong bi tén hai, dan t6i hién tuong théng lugng Js ting cao bt

thuong.
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Hinh 3.16. Pic trung thong lwong Jw cua dung dich 16i cuén MGDA 25% tai
nhiing ty 1& mu6i MGDA-3Na khac nhau

Tir nhitng két qua trén, dung dich 16i cuén MGDA v&i nong d6 25% va ty 18
theo khoi luong gitra mudi MGDA-3Na va axit citric = 85:15 di duoc lya chon dé
sit dung cho nhitng thi nghiém tiép theo. Khi d6, d6 man t6i da phu hop nhat cua
dong can xtr Iy duoc xac dinh 13 15%o, véi gia tri thong luong Jw trung binh sau 150
phut van hanh c6 thé dat dén 5,05 LMH. Tai budc hoan nguyén bang phuong phap
loc qua mang NF ap luc thip, ngudn nuéc sach dau ra thu duoc cé chi sé TDS 1a
khoang 415 mg/L, thap hon dang ké so voi ngudng téi da theo huéng dan cia WHO
[223] va quy chuan qudc gia QCVN 01-1:2018/BYT [224] d6i véi nude sinh hoat 1a
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1.000 mg/L. Mirc d6 ton hao trung binh cta chét 16i cudn tai budc loc qua mang NF
duoc xac dinh 1a khoang 2,78%.
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Hinh 3.17. Dic trung thong luong Js cua dung dich 16i cubn MGDA 25% tai nhing
ty 16 mudéi MGDA-3Na khac nhau
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Hinh 3.18. Bic trung ton hao chat 16i cudn do tham thau nguoc caa dung dich 16
cubn MGDA 25% tai nhing ty 16 muéi MGDA-3Na khac nhau

3.2.4. So sanh dic trung 16i cudn cia cac dung dich 16i cuén dwoe Iwa chon

Dua trén nhitng két qua nghién ctru dic trung 16i cudn cia cac dung dich 16
cudn nhu di trinh bay, co thé thay rang cac dung dich 16i cudén gbc hitu co nay chu
yéu phu hop trong tng dung khir man d6i v6i ngudn nudc nhiém man chua qua
nghiém trong, véi d6 man ban dau cta dong can xtr Iy dudi 10%o. Nhaim muc dich
thu duoc cai nhin toan dién hon vé cac dung dich 161 cudn hién dang duogc nghién
ctru trong khuon kho Ludn 4n nay, mot sb thi nghiém bo sung lién quan dén hiéu
qua 16i cudn cua cac dung dich 16i cudn trén da thuc hién trong khoang do min cia

dong can xu 1y dudi 10%o.

Nhin chung, cac thi nghiém dugc thuc hién véi nhitng diéu kién van hanh cu
thé nhu da trinh bay trong Bang 2.4, tuy nhién nong do ting dung dich 16i cubn
duogc sir dung 13 gia tri pht hop nhat xac dinh qua két qua nghién ctru trude do (cu
thé: dung dich MAL 20%, dung dich PVP 20%, va dung dich MGDA 25%), dong
thoi d6 man cia dong can xir 1y duge didu chinh thay d6i trong khoang 0%o — 10%o.
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Két qua cu thé duoc trinh bay trong Hinh 3.19 va Hinh 3.20.

Két qua trinh bay trén Hinh 3.19 cho thdy, trong khoang d6 min cua dong can
xtr Iy 0 — 10%o thi thong luong Jw thu dugc cua toan bd ba loai dung dich 161 cudn
dugc lua chon déu thay doi mét cach twong dbi tuyén tinh, va giam dan theo chiéu
tang 1én cia d6 man dong can xir ly. Khi d6 man dong can xir 1y tang tir 0%o 1én tGi
10%o, nhin chung thong lugng Jw thu dugc cia toan bd ba loai dung dich 161 cudn
déu giam khoang 37 — 48%, trong d6 mirc do giam 16n nhat thudc vé dung dich 16
cudn MAL 20%.
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PVP 20% 1452 1335 12,08 1089 967 8,43
... MGDA25% 923 8.52 7 86 7.18 6,51 5.83
e NaCl60% 16,19 1447 12,78 11,06 934 7.62

Hinh 3.19. Bac trung thong luong Jw cta cac dung dich 16i cudn tai nhitng d6 man

dong can xir Iy khac nhau

Cu thé, khi d6 man dong can xir 1y tang ttr 0%o 1€n t&1 10%eo thi thong luong Jw
ctia dung dich 16i cubn MAL 20% d3 giam tir 10,61 LMH xudng con 5,51 LMH —
tuong dwong muc giam khoang 48%. Piéu niy c6 thé giai thich 1a do da ton tai
tuong tac hoa — 1y nhat dinh gitta dung dich 16i cubn MAL 20% va dung dich dong
can xur 1y, khién cho kha ning 16i cudn cta dung dich 16i cudn giam nhanh khi ting

dd man cua dung dich 161 cudn. Hién tuong tuong tu cling xay ra khi dung dich 161
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cubn 1 dung dich mubi NaCl 60%o (dung dich 16i cudn dbi ching), v6i gi tri thong
lvong Jw giam tir 16.19 LMH xubng con 7.62 LMH — twong dwong mic giam
khoang 53%. Nguoc lai, ca dung dich 16i cuén PVP 20% va dung dich 16i cudn
MGDA 25% déu cho hiéu qua 161 cudn tuong dbi 6n dinh khi d man cua dong can
xtr Iy ndm trong khoang 0 — 10%o, v6i mirc do suy giam thong luong Jw lan luot 1a
khoang 42% va 37%.
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Js (GMH) 2.56 1,67 3.57 5.26

Hinh 3.20. Bac trung thong lugng Js cua cac dung dich 16i cudn duoc lya chon

Két qua trinh bay trén Hinh 3.20 va Hinh 3.21 cho thiy, hién tuong chét 16i
cubn tham thiu ngugc qua mang xay ra dic biét nghiém trong dbi véi chat to hop
16i cuén mudi MGDA-3Na va axit Citric, v6i gia tri thong luong Js va hé sb ton hao
Rds ciia dung dich 16i cuén MGDA cao hon déng ké so véi dung dich 16i cubn d6i
chtimng mudi NaCl 60%o. Hién tuong trén c6 thé dugc giai thich 1a do, di ton tai
tuong tac hoa — Iy nhat dinh giira cac thanh phan chét tan trong dung dich 16i cudn
MGDA va thanh phén vat liéu cau tao nén mang ban tham, khién cho mirc d6 chon
loc tham thau ctia mang ban thidm ddi véi cac thanh phan chat tan ndy tré nén kém
hon mirc d6 chon loc thim thiu cua mang ban thdm d6i vi mudi NaCl. Boi vay,

cac thanh phan chat tan trong dung dich 16i cuén MGDA di dé dang di chuyén qua
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mang ban thAm sang phia dong can xir 1y hon so véi cac phan tir mubi NaCl, mic
dd mudi NaCl cé thé phan ly thanh nhiing ion c6 kich thuéc nhé hon. Ngoai ra,
cling can luu ¥ rang dung dich 16i cudn NaCl 60%o s& hitu ndong d6 chit tan tinh
theo khdi lwong thap hon rat nhiéu so voi dung dich 16i cuén MGDA 25%.
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MAL 20% PVP 20% MGDA 25% NaCl 60%o

Rds (g/L) 0,24 0,12 0,39 0,32

Hinh 3.21. Hé s6 ton hao Rds ctia cac dung dich 16i cudn duoc lya chon

Nguoc lai, gia tri thong lugng Js va hé sb ton hao Rds cua ca dung dich 161
cuébn MAL va dung dich 16i cuén PVP déu tuong déi thap. Hién tuong trén c6 thé
dugc giai thich 1a do ca maltodextrin va polyvinylpyrrolidon déu 14 nhiing hop chat
cao phan tir v6i kich thudc phan tir trong d6i 16n va khong phan ly trong dung dich,
boi vay kha nang di chuyén qua mang ban thdm vé phia dong can xir 1y ciia nhiing
phan tir chat 16i cudn nay thuong kém hon so véi nhiing phéan tir s¢ hitu kich thudc
tuong ddi nho, hodc c6 thé phan ly trong dung dich thanh nhiing ion sé hitu kich
thudc tuong ddi nho (vi du mubi MGDA-3Na hay axit citric). Dac biét, hé s6 ton
hao chét 16i cuén do tham thdu ngugc cua dung dich 16i cuén PVP chi cao bang
khoang 50% so v6i cta dung dich 161 cudn MAL, cho thay tinh 6n dinh va tinh an
toan vuot tri ctia loai chat 16i cudn nay trong cic ing dung mang tham thau chuyén
tiep.
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3.3. ANH HUONG CUA MOT SO YEU TO PIEU KIEN VAN HANH KHAC
LEN PAC TRUNG LOI CUON CUA CAC DUNG DICH LOI CUON
3.3.1. Anh huéng ciia chénh 1éch ap suét dong vao

Thi nghiém danh gia anh huéng ctia chénh 1éch ap suit dong vao 1én dic trung
161 cudn cua cac dung dich 161 cudn dugce thuc hién voi cac thong sb k¥ thuat chu
yéu nhu trinh bay trong Béang 2.5. Két qua nghién ctru duoc trinh bay trong Hinh
3.22, Hinh 3.23, va Hinh 3.24.
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Chénh léch ap suit dong vio (bar)

e MAL20%|D 843 947 10,15 1060 1061 10,71 10,77
0 MAL20%|S 442 495 525 543 551 552 563
..e.. PVP20%|D 11,70 12,84 13,86 1439 1446 1471 14,66
w0 PVP 20%| S 6,77 7,53 809 841 845 852 856
e MGDA25%|D 730 812 872 978 984 991 9095
0. MGDA25%|S 437 479 519 578 583 58 585

Hinh 3.22. Anh huéng cua chénh léch &p suat dong vao 1én dic trung 16i cudn cua
dung dich 16i cuén MAL 20%, dung dich 16i cuén PVP 20%, va dung dich 16i cubn
MGDA 25%

* mau D twong vmg dong can xir Iy 1 nude de-ion,

mau S twong vmg dong can xir Iy la dung dich NaCl 10%o
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Két qua thi nghiém cho thay, khi chénh léch ap suit dong vao giita phia dong
can xir 1y va phia dung dich 16i cudn ting Ién thi théng lwong Jw ciing ting 1én. Pic
biét, khi 4p suét phia dung dich 16i cudn cao hon phia dong can xir 1y thi thong
luong Jw xuét hién sy gidm manh. Do luu lugng dong vao cua ca hai phia déu duoc
duy tri trong khoang phu hop, nén hién tugng trén c6 thé duoc xac dinh 1a do anh
huong cua sy thay doi v& mirc chénh 16ch 4p sudt giita phia dong can xir Iy va phia

dung dich 16i cun.
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Chénh léch ap suit dong vao (bar)

<o MAL 20% 2,97 2,75 2,64 2,60 2,58 2,56 2,54
PVP 20% 1,94 1,81 1,73 1,69 1,67 1,67 1,66
e« MGDA 25% 4,02 3,89 3,73 3,04 3.57 3,55 3,55

Hinh 3.23. Anh huéng cta chénh léch ap suat dong vao 1én thong luong Js cia
dung dich 161 cuén MAL 20%, dung dich 161 cudn PVP 20%, va dung dich 161 cudn
MGDA 25%

Cu thé, dong luc cua phan 16n cac qua trinh loc qua mang — bao goém ca qua
trinh mang FO — 1a su chénh 1éch vé mit ap suit gitta hai dung dich chay qua hai
phia cia mang ban thdm. Riéng d6i vé6i cic qua trinh mang FO thi dong luc nay 1a
su két hop gitta muc chénh 1éch vé mit 4p sudt tham thau ty nhién va ap suét thuy

luc gitta phia dong can xir 1y va phia dung dich 16i cudn [56]. Hai loai chénh léch ap
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suit nay co6 thé tao thanh tac dong twong hd nhau (tic dung theo cung hudng) hoic
triét tiéu 1an nhau (tac dung theo ngugc hudng), tir d6 anh hudng dén thong luong
Jw. Bén canh dé, viéc ting ap suat phia bén dong can xir 1y cling c6 thé khién mudi
NaCl bj ddy vao céu trac vi xdp tir mit 16p trung gian cia mang ban thim, gdy can
tré su dich chuyén ctia cac phan tr nuée — chu yéu thong qua hién twong phan cuc

ndng do trong mang (ICP).
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Chénh léch ap suit dong vao (bar)

~-e MAL 20% 0,35 0,29 0,26 0,25 0,24 0,24 0,24
PVP 20% 0,17 0,14 0,12 0,12 0,12 0,11 0,11
«-e-- MGDA 25% 0,55 0,48 0,43 0,37 0.36 0,36 0,36

Hinh 3.24. Anh huéng cta chénh léch ap suat dong vao 1én hé sb t6n hao Rds cua
dung dich 161 cuén MAL 20%, dung dich 161 cudn PVP 20%, va dung dich 161 cudn
MGDA 25%

Nguoc lai, khi chénh 1éch ap suat giira phia dong can xur Iy va phia dung dich
16i cudn tang 1én thi thong lugng Js lai giam xudng. Didu nay c6 thé giai thich 1a do
khi d6, 4p suit thuy luc da thay ddi nguoc chiu so véi dong chuyén khéi cia chat
16i cubn qua mang ban thim, bai vay giy can trd cho hién tuwong chit 16i cudn tham
thiu nguoc qua mang. Ngoai ra, cling c6 thé thdy rang xu hudng thay doi cua cac

thong s6 hiéu qua van hanh 1a kha twong ddng giira hai trudng hop dong can xir Iy
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1a nudc de-ion va dong can xu 1y 1a dung dich mudi NaCl ndng d6 10%o, ciing nhu
giita ba truong hop cac dung dich 16i cudn khac nhau, chimg minh tinh chinh xac

cua cac két qua thi nghiém.

Tir nhitng két qua trén, c6 thé thdy duoc hé thdng mang FO hoat dong hiéu
qua nhét khi ap suét phia dong can xir Iy cao hon ap suét phia dung dich 16i cuén —
diéu kién nay cho phép cai thién théng lwong Jw ciing nhu han ché thong luong Js,
nhd vAy gitp ning cao hiéu suét sir dung chat 161 cudn. Tuy nhién, khi gia trj chénh
léch ap suét giita phia dong can xir Iy va phia dung dich 16i cudn ting cao hon 0,2
bar thi hiéu qua cta viéc diéu chinh muc chénh léch ap suat trd nén khong qua dang
ké. Pang chi y 13, theo khuyén nghi cta cac nha san xuat, do mang ban tham thiét
ké cho tmg dung mang FO thudng khong bao gom 16p 16t chiu luc nhu mang RO
(nham giam trd luc cia mang ban thdm ddi v6i qua trinh chuyén khdi cia nude qua
mang), nén mang ban thAm sé ton tai nguy co bi ton hai néu mirc chénh léch vé mit

ap suat gitra hai phia ctia mang tang 1én qué cao.

Dua vao nhitng két qua nay, gia tri mic chénh 1éch ap suét giita phia dong can
xtr 1y va phia dung dich 16i cudn khoang 0,2 bar di dugc lwa chon sir dung cho
nhiing thi nghiém tiép theo.

3.3.2. Anh huéng ciia nhiét dd van hanh

Thi nghiém danh gia anh hudng cta nhiét d6 van hanh 1én dic trung 16i cubn
cua cac dung dich 161 cudn duoc thuc hién véi cac thong sb k¥ thuat chu yéu nhu
trinh bay trong Bang 2.5. Két qua nghién ctru dugc trinh bay trong Hinh 3.25,
Hinh 3.26, Hinh 3.27.

Két qua thi nghiém cho théiy, diéu kién nhiét do cua dong can xu Iy va dung
dich 16i cudn c6 thé tao thanh anh hudng twong ddi dang ké 1én hiéu qua van hanh
ctia hé théng khir man tng dung cong nghé mang FO. Cu thé, véi ca ba loai dung
dich 16i cudn duoc lua chon, khi nhiét d6 dong vao tang tir 10 °C 1én 30 °C thi thong
luong Jw va thong luong Js déu c6 xu hudng ting dan, khién cho gia tri hé sé ton
hao Rds gan nhu khong thay doi. Tuy nhién, néu nhiét d6 dong vao tiép tuc ting tir
30 °C 1én 40 °C thi ca thong luong Jw va thong lugng Js tao thanh boi ca ba loai

dung dich 161 cuon déu cé xu hudng giam.

Nhu d3 trinh bay trong phan Tong quan nghién ciru, hién tuong trén c6 thé
duogc giai thich 1a do sy thay ddi vé mat nhiét d6 di dan dén su thay doi vé mat ap
suat tham thau ty nhién cua ca dung dich 16i cudn 1dn dong can xur 1y, dong thoi
cling tao thanh anh hudng dén tinh chit tham thiu cta ban than mang loc [105-107].

Tuy nhién, cling can luu ¥ rang, mac du moi quan h¢ gitta nhiét 46 dong vao va gia



96

tri thong luong thong luong Jw, cling nhu gia tri thong luong Js, thu dugce tir cac thi
nghiém trong khudn khd Luén 4n nay 1a gidng véi nhirng gi duge mo ta trong nhiéu
cong bd trude do trong khoang nhiét 6 dudi 30 °C, tuy nhién mdi quan hé nay lai
xudt hién sy khac biét dang ké khi nhiét do dong vao ting tir 30 °C 1én dén 40 °C.
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Nhiét do dong vao (°C)

~-e-- MAL 20% | D 8.48 9,58 10,33 10,58 10,75 10,13 9,25

0 MAL20%|S 4.45 4,98 5,28 5,46 5,54 5,35 4,96
we-. PVP 20% | D 11,69 13,17 14,07 1482 1485 1442 12,79
=0 PVP20%| S 6,74 7,50 8.06 8.37 8.41 8,14 7,76
e MGDA25%|D 735 8,05 8,74 9,72 9,92 9,55 8,48
0+ MGDA25%|S 440 4,82 5,23 5,82 5,87 5,63 5,08

Hinh 3.25. Anh hudng ctia nhiét d6 van hanh 18n dic trung 16i cudn cua dung dich
16i cudbn MAL 20%, dung dich 16i cuén PVP 20%, va dung dich 16i cuén MGDA
25%

* mau D twong vmg dong can xir Iy 1 nude de-ion,

mau S tiwong vmg dong can xit Iy la dung dich NaCl 10%o

Nguyén nhan din t6i hién tuong trén co thé 1a do su bién d6i vé mit tinh chat

cua mang loc phu thudc vao diéu kién nhiét do. Cu thé, khi nhiét do tang cao, rat co
thé cau trac 15 Xép cua mang da xuét hién su thay ddi nhat dinh vé mat kich thudc

cling nhu dé twong hop hod hoc, gay can tréd qua trinh chuyén khoi cua nudc va céc
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phan tir chat tan khac qua mang. K&t qua nay nhin manh tam quan trong cua viéc
nghién ctru cu thé cac tinh chét lién quan ctia mang ban thAm nham giup dam bao
thu dugc hi¢u qua cao nhét khi van hanh cac hé théng khtr man img dung cong nghé¢
mang FO.
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Nhiét do dong vao (°C)

e MAL 20% 2,12 2,30 2,48 2,54 2,58 1,93 1.48
PVP 20% 1,52 1,58 1,61 1,63 1,67 1,30 1,02
e MGDA 25% 2,94 3,22 3,41 3.50 3.57 2,77 2,12

Hinh 3.26. Anh huéng cua nhiét ¢4 van hanh 1én thong luong Js ciia dung dich 16i
cuén MAL 20%, dung dich 16i cuén PVP 20%, va dung dich 16i cudn MGDA 25%

Nhin chung, diéu kién van hanh phu hop nhat dugc xac dinh trong khudn kho
Lu4n 4n nay 1a khoang 25 — 30 °C, 4p dung cho ca ba loai dung dich 16i cuén PVP
20%, MAL 20%, va MGDA 25%. Pang chu y, day cling 1a khoang nhiét do moi
truong thudng duoc ghi nhan tai nhiéu ving tai Viét Nam [225], cho thay tinh phu
hop ctua td hop cac chét 16i cudn duoc lya chon va mang loc dugc lua chon cho cac
ung dung khtr mdn san xuét nudc ngot phuc vu nhu cAu san xuét va sinh hoat trong
nuée. Trong trudng hop nhiét d6 moi trudng ha thap, ngudng nhiét do trén ciing c6
thé d& dang duoc duy tri thong qua van dung ngudn nhiét thai tir cac hoat dong san

xuit cong nghiép [226].
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Nhiét do dong vao (°C)

e MAL20% 025 024 024 024 024 0,19 0,16
PVP 20% 013 012 011 011 011 009 008
..e. MGDA25% 040 040 039 036 036 029 0725

Hinh 3.27. Anh hudng ctia nhiét d6 van hanh 1én hé s ton hao Rds cua dung dich
16i cuébn MAL 20%, dung dich 16i cudn PVP 20%, va dung dich 16i cubn MGDA
25%

3.3.3. Anh huéng cia luvu lwgng dong

Thi nghiém danh gia anh hudng cta nhiét d6 van hanh 1én dic trung 16i cubn
cua cac dung dich 161 cudn duoc thyc hién véi cac thong sb k¥ thuat chu yéu nhu
trinh bay trong Bang 2.5. Két qua nghién ctru dugc trinh bay trong Hinh 3.28,
Hinh 3.29, va Hinh 3.30.

Két qua nghién ctu cho thiy khi luu lwong dong vao qua thip (dudi 200
mL/phat) hodc qué cao (trén 500 mL/phat) déu s& khién thong lwong Jw. Hién
tugng ndy cé thé duoc giai thich 1a do toc d6 dong chay 13 yéu té quan trong quyét
dinh dong luc hoc chét long, tr d6 anh hudng dén hiéu suat khuéch tan cua cac
thanh phan chat tan c6 trong dong can xtr Iy va dung dich 16i cudn. Cuy thé, do qua
trinh chuyén khéi cia nuéc qua mang ban thim, néng d6 dung dich 16i cubn va

dong can xu ly vao tai khu vuc gan bé mat mang loc s€ thap hon hoac cao hon so
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v6i nong d6 dung dich tudn hoan, dan t&i suy giam hiéu qua loc. Dé han ché tinh
trang nay, dong chit 10ng di chuyén trong hé théng mang FO cin tao thanh tic dong
khudy tron phu hop, thuc day su khuéch tan cua cac thanh phan chat tan gitta khu

vuc gan bé mit mang ban thim va khu vuc bén trong dong chét long.
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100 150 200 250 300 350 400 450 500 550 600 650
Luu lwong dong vao (mL/phut)

co--@-- MAL 20% | D 9.98 1024 10,6 1082 10.63 10,57 10.57 1049 10,5 10,16 9.25 9721
<=-0--- MAL 20% | S 530 539 555 551 554 559 549 558 552 536 507 499

c«@-+ PVP20%|D 13.67 13.94 14,50 14,57 1440 1446 1440 14.13 142 13,79 12,63 12.61
0+ PVP20%|S 7.64 7.76 8.08 8.07 8,090 806 805 796 795 776 7.11 7.05
<@« MGDA25%|D 9,54 9,60 9.79 991 982 990 985 987 981 9.56 9.06 8,97
«=Q-- MGDA 25%|S 561 568 583 584 3582 581 582 58 577 57 534 528

Hinh 3.28. Anh hudng cia luu lwong dong vao 1én dic trung 16i cudn cua dung
dich 16i cun MAL 20%, dung dich 16i cuén PVP 20%, va dung dich 16i cuén
MGDA 25%

* mau D twong 1mg dong can xir Iy la medc de-ion,

mau S twong ung dong can xu ly la dung dich NaCl 10%o

Tai nguong luu luong dong vao thap, khong ton tai nhiing dong chay rdi
vudng goéc voi hudng dong chay hay nhitng khu vic chay xody, gdy han ché kha
nang tron 1an theo chiéu ngang giita cac 16p chat 1ong chay lién ké nhau cua dong
chat 1ong (ché do chay tang). Hién tuong nay c6 thé din dén su phan cuc néng do
cuc bo gan bé mat va bén trong cdu triic cia mang ban thim, 1am giam dang ké

thong luong Jw. Nguoc lai, luu lugng dong vao cao hon cé thé tao thanh ché do
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chay réi, khuyén khich su tron 13n theo chiéu ngang giita cac 16p chit 1ong chay lién
ké nhau cta dong chat 1ong. Tuy nhién, khi dong chay rdi tré nén qua dir doi do luu
lwong dong vao ting cao, diéu kién 4p suit thuy luc bén trong hé thiét bi mang FO
s& ¢6 xu huéng tré nén thiéu 6n dinh, hinh thanh nhimg khu vuc ap suét thay luc
ting cao hodc giam thdp bt thudng, anh hudng tiéu cuc dén qua trinh chuyén khoi

clia nude qua mang ban thAm va 1am giam théng luong Jw [166].
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Luwu lwrong dong vao (mL/phut)

coo-@e-o MAL 20% 2.47 2,53 2,52 266 2,70 266 2,60 256 2.60 2,55 227 224
PVP 20% 1,70 1,73 1,74 1.81 1,84 1.84 1,77 1,72 1,78 1,74 1.55 1.54
coo@e- MGDA 25% 342 348 3,53 3,52 342 358 3.62 342 3,55 337 333 3.28

Hinh 3.29. Anh huéng cta luu luong dong vao 1én thong luong Js cta dung dich 16i
cudn MAL 20%, dung dich 161 cudn PVP 20%, va dung dich 161 cudn MGDA 25%

Hién tuong trén cling co6 thé giai thich cho su thay ddi cua théng luong Js. Cu
thé, khi luu lwong dong can xir Iy ting tir 100 mL/phat dén 300 mL/phut thi thong
luong Js cta chét 161 cudn polyvinylpyrrolidon va chét 16i cudén maltodextrin ciling
c6 xu hudng ting dan, tuy nhién khi lvu lvgng dong can xtr 1y tiép tuc ting tir 300
mL/phat dén 650 mL/phit thi thong lwong Js cta chét 16i cudn polyvinylpyrrolidon
va chat 16i cuén maltodextrin lai ¢ xu huéng giam dan. Dau vy, nhin chung thi hé

s6 t6n hao Rds cua chit 16i cudn maltodextrin va chat 16i cudn polyvinylpyrrolidon
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1a khong dbi qua nhiéu trong khoang luu lwong dong can xir 1y duoc lua chon khao
sat.

Dbi vé6i td hop chét 16i cuébn MGDA va axit citric, mic du gié trj thong luong
Js thay d6i theo quy ludt khong qua rd rang trong khoang luu lugng dong can xu 1y
duoc lya chon khdo sat, tuy nhién gia tri h¢ suét ton hao Rds cua t6 hop chét 16i
cudn nay ciing dao dong trong mot khoang kha hep twong ty nhu d6i véi hai chat 16i
cudn maltodextrin va chat 16i cubn polyvinylpyrrolidon. Nhin chung, khi cin nhéc
dén yéu t6 niang luong can thiét d& van hanh hé théng bom tudn hoan, thi khoing
gia tri luu lwgng dong can xu Iy 250 — 350 mL/phit duoc xac dinh 1a phu hop nhét

cho ca ba loai dung dich 161 cudn.
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Hinh 3.30. Anh hudng cta luu luong dong vao 16n hé s6 ton hao Rds cua dung dich
16i cudbn MAL 20%, dung dich 16i cuén PVP 20%, va dung dich 16i cuén MGDA
25%
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3.4. TOI UU HOA CAC PIEU KIEN VAN HANH CUA HE THONG MANG FO

3.4.1. T6i wu ho4 cac diéu kién van hanh cia hé thong mang FO sir dung dung
dich 16i cuén MAL 20%

Thi nghi¢m tdi wu hoa céc diéu kién van hanh caa hé théng mang FO st dung
dung dich 161 cudn MAL 20% dugc thuc hién véi cac thong s6 k¥ thuat chu yéu nhu
trinh bay trong Bang 2.6 va Bang 2.7. Két qua nghién ctru duoc trinh bay trong
Bang 3.1.

Bang 3.1. Két qua danh gia anh huong cua cac diéu kién van hanh 18n hiéu qua 16i
cudn cuaa dung dich 16i cubn MAL 20%

STD Chénhlgch  Nhigt dd Luu lwong Théng H¢ )
ap suat van hanh dong vao lwong Jw ton hao
dong vao (°C) (mL/phut) (LMH) Rds (g/L)
(bar)
1 0,0 20 250 10,35 0,252
2 0,4 20 250 10,46 0,248
3 0,0 40 250 9,55 0,273
4 0,4 40 250 9,66 0,268
5 0,0 30 200 10,63 0,246
6 0,4 30 200 10,73 0,241
7 0,0 30 300 10,63 0,246
8 0,4 30 300 10,75 0,241
9 0,2 20 200 10,19 0,254
10 0,2 40 200 9,40 0,276
11 0,2 20 300 10,18 0,254
12 0,2 40 300 9,39 0,276
13 0,2 30 250 10,83 0,239
14 0,2 30 250 10,82 0,239
15 0,2 30 250 10,83 0,239
16 0,2 30 250 10,83 0,239
17 0,2 30 250 10,83 0,238
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Dua trén két qua kiém tra tong binh phuwong mé hinh tuan ty va kiém tra thong
ké md hinh tong hop (Bang PL1 va Bang PL2), c6 thé xac dinh duoc rang mé hinh
béc hai 1a phu hop nhit dé mé ta mdi quan hé gitta cac bién dau vao duoc khao sat
va cac két qua danh gia. Cu thé, mo hinh bac hai cung cip gia tri p thap nhit (thap
hon 0,0001) trong kiém tra tong binh phwong mé hinh tudn tu, dong thoi ciing dat
dugc cac gia tri “R? hiéu chinh” va “R? du doan” gan murc tbi da trong kiém tra
théng ké mo hinh tong hop. Ngoai ra, gia tri “R? du doan” cia md hinh béc hai 1a
g::in nhu b'flng voi gid tri “R? hiéu chinh”, véi mic chénh 1éch nhé hon 0,0002. Dua
trén nhiing két qua nay, mo hinh bac hai da dugc chon dé phan tich thém cac dir li¢u

thuc nghiém.

Tiép theo, k¥ thuat phan tich phuong sai (ANOVA) di duoc st dung dé kiém
tra y nghia thong ké cta phuong trinh bac hai ding cho mé ta mdi quan hé giira cac
bién dau vao duoc khao sat va cac két qua danh gid, voi két qua cu thé duogc trinh
bay trong Bang PL3 va Bang PL4. Két qua phén tich cho thiy, phwong trinh béc
hai thé hién ddy du mdi quan hé thuc té giita cac bién dau vao dugc nghién ctru va
cac két qua danh gia. Pic biét, theo két qua phan tich ANOVA, mé hinh duoc chon
cung cip gié tri F du cao, twong tng vai viée cac bién trong phuong trinh bac hai s&
hitu 4nh huéng dang ké dén gia tri ciia cac két qua danh gia. Pong thoi, mé hinh
phuong trinh bac hai ciing cho gia tri hé sé xac dinh R? va gia tri R? sau diéu chinh
rat cao, cho thdy mdi twong quan cao giita két qua thu duogc tir thyc nghiém va két
qua du doan theo mo hinh phuong trinh bac hai. Ngoai ra, gia tri F kha thap cho
thiy d6 1éch ctia md hinh phuong trinh bac hai 14 khong déng ké khi so sanh véi sai
sO thuan tuy, trong khi gid tri do chinh xac pht hop ctia mé hinh phuong trinh bac
hai ciing cao hon dang ké so v&i ngudng mong mudn, cho thdy luong dit liéu thuc

nghiém dau vao 1 diy di dé xay dung mé hinh phuong trinh bac hai nhu da chon.

Két qua phan tich ANOVA cho thdy md hinh phuong trinh bac hai c¢6 thé
dugc sur dung dé du doan va tdi wu hoa anh huodng cua cac bién dau vao 1én cac két
qua danh gia trong khong gian thiét ké thyc nghiém Box—Behnken dugc lya chon.
Bén canh do, dir li¢u thuc nghiém cling dugc phan tich dé kiém tra moi quan h¢
giita gi4 tri thyc té va gia tri du doan clia cac két qua danh gia, ciing nhu mic chénh
léch giira nhiing gia tri nay. Nhu thé hién trong Hinh PL1, d6i v6i hau hét cac két
qua danh gia, muc chénh léch giita gia tri thyc té va gia tri du doan déu nho hon
10%, dong thdi déu nam gan trén dudng tuyén tinh. Ngoai ra, cac diém dit liéu trén
biéu d6 xac suat chuan cia phan du chudn hoa Student ciing kha gan véi mot dudong
thang. Nhiing két qua nay chi ra rang mé hinh duoc xay dung 14 phu hop, va cac gia

dinh co ban cua phan tich lién quan dén cac yéu to c¢6 y nghia da duoc théa man.
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Hinh 3.31. Két qua phan tich bé mit dap (ng nham danh gia anh huéng cua cac
thong sb diéu kién van hanh 1én thong luong Jw (trai) va hé sé ton hao Rds (phai)
khi str dung dung dich 16i cubn MAL 20%

Két qua phén tich bé mit dap ung (Hinh 3.31) cho thdy nhiét do van hanh la
yéu t6 anh huong manh nhat dén ca thong luong Jw va hé sb ton hao Rds khi st
dung dung dich 161 cudn MAL 20%. Nguoc lai, chéch Iéch ap suat dong vao c6 anh
huong twong ddi nho dén ca thong luong Jw va hé sb ton hao Rds, dic biét 1a khi
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luu luong dong vao duoc gil ¢ dinh va chi thay ddi nhiét do van hanh. Tuong tu,
lru lwgng dong vao ciing chi tao thanh anh huéng dang ké 1én thong luong Jw va hé
s6 ton hao Rds khi chénh 1éch ap suit dong vao duogc giir ¢d dinh va chi thay ddi
nhiét do van hanh. V&1 muc ti€u dat dugc gié tri thong lugng Jw cao nhét va gia tri
hé sb tén hao Rds thép nhét, mot s tinh toan tdi wu hoa di duogc tién hanh tu dong
trén phan mém Design Expert 12 va dwa ra két qua cac gia trj thong sb diéu kién
van hanh t6i wu nhat nhu sau: chénh 1éch 4p suat dong vao = 0,17 bar (phia dong
can xu 1), nhiét d6 van hanh = 27,5°C, va luu lugng dong vao = 260 mL/phut. Gia
tri thong luong Jw va gia tri hé s6 t6n hao Rds thu duoc khi van hanh tai cac diéu
kién nay duoc du doan 1an luot 13 10,86 LMH va 0,238 g/L.

Nam thi nghi¢m x4c nhan da dugc tién hanh tai cac diéu kién van hanh tdi vu
theo tinh toan, v6i gia tri thong lwong Jw va gid tri hé s6 ton hao Rds thu duoc lan
luot 14 10,858 £ 0,137 LMH va 0,2372 £ 0,0029 g/L. Tuy nhién, can luu y rang cac
thong sd diéu kién van hanh t6i wu trén chi c6 do tin cdy cao nhat trong pham vi
khao sat cu thé nhu trinh bay trong Bang 2.7, va can thiét phai xac minh lai néu 4p
dung ngoai pham vi ndy. Ngoai ra, dwa trén nhimg két qua thi nghiém trude do, ton
tai co s khoa hoc dé cho riang nhirng két qua tdi wu hoa véi dong can xir 1y 13 nudce
de-ion ciing hoan toan c6 thé ap dung cho trudng hop dong can xt Iy 14 nude nhiém

man vo1 d0 man 1én dén 10%o.

3.4.2. T6i wu hoa cac diéu Kkién van hanh ciia hé thong mang FO sir dung dung
dich 18i cuén PVP 20%

Thi nghiém t6i wu hod cac diéu kién van hanh cua hé théng mang FO st dung
dung dich 16i cudén PVP 20% dugc thuc hién voi cac thong sb ki thuat chii yéu nhu
trinh bay trong Bang 2.6 va Bang 2.7. Két qua nghién ctru duoc trinh bay trong
Bang 3.2.

Duya trén két qua kiém tra tong binh phuong mé hinh tuan ty va kiém tra thong
ké mo hinh téng hop (Bang PL5 va Bang PL6), co thé xac dinh duoc rang mé hinh
bac hai 1a phu hop nhat d¢é mé ta mbi quan hé giita cac bién dau vao duge khao sat
va cac két qua danh gia. Cu thé, mo hinh bac hai cung cép gia tri p thip nhat (thap
hon 0,0001) trong kiém tra Téng binh phuong mé hinh tuan ty, dong thoi ciing dat
dugc cac gia tri “R? hiéu chinh” va “R? du doan” gan mirc t6i da trong kiém tra
Théong ké mé hinh tong hop. Ngoai ra, gia tri “R? du doan” ctia md hinh bac hai la
gan nhu bang véi gia tri “R? hiéu chinh”, véi mac chénh 1éch nho hon 0,0002. Dua
trén nhiing két qua nay, mé hinh bac hai da duoc chon dé phan tich thém dir lidu

thuc nghiém.
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Bang 3.2. Két qua danh gia anh huong cua cac diéu kién van hanh 18n hiéu qua 16i
cudn cua dung dich 16i cuén PVP 20%

STD Chénhlgch  Nhiét dd Luru lwong Théng H¢ s0
ap suat van hanh dong vao lwong Jw ton hao
dong vao (°C) (mL/phut) (LMH) Rds (g/L)
(bar)
1 0,0 20 250 13,89 0,133
2 0,4 20 250 14,19 0,130
3 0,0 40 250 12,93 0,143
4 0,4 40 250 13,22 0,139
5 0,0 30 200 14,38 0,129
6 0,4 30 200 14,71 0,125
7 0,0 30 300 14,32 0,129
8 0,4 30 300 14,65 0,126
9 0,2 20 200 13,87 0,133
10 0,2 40 200 12,89 0,143
11 0,2 20 300 13,82 0,133
12 0,2 40 300 12,84 0,143
13 0,2 30 250 14,57 0,126
14 0,2 30 250 14,59 0,126
15 0,2 30 250 14,56 0,126
16 0,2 30 250 14,58 0,126
17 0,2 30 250 14,56 0,126

Tiép theo, k¥ thuat phan tich phuong sai di duoc str dung dé kiém tra ¥ nghia
thdng ké cua phuong trinh bac hai ding cho mé td méi quan hé giira cac bién dau
vao duogc khao sat va cac két qua danh gia, voi két qua cu thé duoc trinh bay trong
Bang PL7 va Bang PL8. Két qua phén tich cho thdy, phuong trinh bac hai thé hién
day di méi quan hé thuc té giita cac bién dau vao duoc nghién ctru va cac két qua
danh gid. Dic biét, theo két qua phan tich ANOVA, mé hinh duoc chon cung cép
gia tri F du cao, twong Gng voi viée cac bién trong phuong trinh bac hai s¢ hiru 4nh
huong dang ké dén gia trj cia cac két qua danh gia. Pong thoi, mé hinh phuong
trinh bac hai ciing cho gia tri hé sd xac dinh R? va gia tri R? sau diéu chinh rat cao,
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cho thay mdi twong quan cao giita két qua thu duogc tir thuc nghiém va két qua dy
doan theo mé hinh phuong trinh bac hai. Ngoai ra, gia tri F kha thip cho thiy do
léch ctia mo hinh phuong trinh bac hai 1a khong dang ké khi so sanh voi sai sd
thudn tuy, trong khi gia tri o chinh xac pht hop ctia mé hinh phwong trinh bac hai
cling cao hon dang ké so véi ngudng mong mudn, cho thay luong dit liéu thuc

nghiém dau vao 1 day di dé xay dung mé hinh phuong trinh bac hai nhu da chon.
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Hinh 3.32. Két qua phan tich bé mat dap (ng nham danh gia anh hudng cua cac
thong sb diéu kién van hanh 1én thong luong Jw (trai) va hé sé ton hao Rds (phai)
khi str dung dung dich 16i cuén PVP 20%
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Két qua phan tich ANOVA cho thdy mé hinh phuong trinh bac hai c6 thé
duoc st dung dé dyu doan va tbi wu hoé anh hudng cta cac bién dau vao 1én cac két
qua danh gia trong khong gian thiét ké thuc nghiém Box-Behnken dugc lia chon.
Bén canh do, dit liéu thuc nghi€ém cling dugc phan tich dé kiém tra mdi quan hé
giira gia tri thuc t& va gid tri du doan cua cac két qua danh gid, ciing nhu muc chénh
léch giita nhitng gi4 tri nay. Nhu thé hién trong Hinh PL2, d6i v6i hau hét cac két
qua danh gia, mic chénh léch giita gia tri thuc té va gia tri du doan déu nhé hon
10%, dong thoi déu nam gan trén dudng tuyén tinh. Ngoai ra, cac diém dit liéu trén
biéu d6 x4c suat chuan ctia phan du chuan hoé Student ciing kh4 gan v6i mot dudng
thang. Nhitng két qua nay chi ra rang mé hinh duoc xay dung 14 phu hop, va céac gia

dinh co ban cua phéan tich lién quan dén céac yéu to c6 ¥y nghia da dugc thoa man.

Két qua phén tich bé mit dap tmg (Hinh 3.32) cho thdy nhiét d6 van hanh 1a
yéu t6 anh huong manh nhat dén ca thong luong Jw va hé sb ton hao Rds khi st
dung dung dich 161 cudn PVP 20%. Nguoc lai, luu lugng dong vao ¢6 anh huong
tuong d6i nho dén ca thong luong Jw va hé sb t6n hao Rds, dic biét 1a khi chénh
1éch 4p suat dong vao dugc giit ¢b dinh va chi thay d6i nhiét d6 van hanh. Tuong tu,
chénh 1éch 4p suat dong vao ciing chi tao thanh anh huong dang ké 1én thong lugng
Jw va hé s6 ton hao Rds khi luu lugng dong vao dugc gilr ¢d dinh va chi thay doi

nhiét do van hanh.

Nhin chung, két qua nay 13 kh4 twong dong khi so sanh véi dung dich 16i cubn
MAL 20%. Viéc luu lugng dong vao cé anh hudng twong d6i nho dén hiéu qua 16i
cudn cta dung dich 16i cuébn PVP 20% c6 thé duoc giai thich 1a do trong khoang gia
trj khao sat, ché do chay cua dung dich 16i cuén PVP 20% la twong d6i 6n dinh,
trong khi d6i voi dung dich 161 cuébn MAL 20% thi d& xuét hién sy chuyén tiép nhat
dinh gitra cac ché do chay khac nhau. V&1 muc tiéu dat dugce gia tri thong lugng Jw
cao nhat va gia tri hé s6 ton hao Rds thép nhét, mot sd tinh toan t6i vu hoa da duoc
tién hanh ty dong trén phan mém Design Expert 12 va dua ra két qua cac gia tri
thong s6 diéu kién van hanh tdi wu nhit nhu sau: chénh léch ap suat dong vao =
0,40 bar (phia dong can xur 1y), nhiét d§ van hanh = 26,0°C, va luu lugng dong vao
= 270 mL/phdt. Gia trj thong lwong Jw va gia tri hé s6 ton hao Rds thu duoc khi van
hanh tai cac diéu kién nay duoc du doan lan luot 1a 14,78 LMH va 0,124 g/L.

Nim thi nghiém xac nhan di duoc tién hanh tai cic dicu kién van hanh t6i wu
theo tinh todn, véi gia tri thong lugng Jw va gia tri hé s6 ton hao Rds thu dugc 1an
luot 12 14,816 + 0,121 LMH va 0,1244 + 0,0012 g/L. Tuy nhién, can luu ¥ rang cac
thong sé diéu kién van hanh t6i wu trén chi c6 gia tri trong pham vi gia tri da chi

dinh dugc nghién ctru. Can phai thuc hién thém cac thi nghiém dé xac nhan bat ky
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phép ngoai suy/ndi suy nao khac dya trén dir li€u thuc nghiém nay. Ngoai ra, dya
trén nhitng két qua thi nghiém trudc do, ton tai co s khoa hoc dé cho riang nhiing
két qua toi wu hod v6i dong can xir 1y 13 nude de-ion ciing hoan toan cé thé ap dung

cho trudng hop dong can xur 1y 1a nude nhiém min voéi d6 méan 1én dén 10%o.

3.4.3. T6i wu ho4 cac diéu kién van hanh cia hé théng mang FO sir dung dung
dich 16i cuén MGDA 25%

Thi nghi¢m tdi wu hoa céc diéu kién van hanh cua hé théng mang FO st dung
dung dich 16i cuén MGDA 25% dugc thuc hién véi cac thong sb ki thuat chi yéu
nhu trinh bay trong Bang 2.6 va Bang 2.7. Két qua nghién ctru duoc trinh bay trong
Bang 3.3.

Dua trén két qua kiém tra tong binh phuwong mé hinh tuan ty va kiém tra thong
ké mo hinh tong hop (Bang PL9 va Bang PL10), c6 thé x4c dinh dugc rang mo
hinh béc hai 14 phii hop nhat dé mé ta mdi quan hé giita cac bién dau vao duoc khio
sat va cac két qua danh gid. Cu thé, mo hinh bac hai cung cdp gid tri p thip nhat
(thdp hon 0,0001) trong kiém tra Tong binh phwong mé hinh tuan ty, dong thoi
cling dat duoc cac gia tri “R? hiéu chinh” va “R? du doan” gin muc t6i da trong
kiém tra Thong ké mo hinh tong hop. Ngoai ra, gia tri “R? dy doan” ctia mé hinh
bac hai 1a gin nhu bing véi gid tri “R? hiéu chinh”, v&i muc chénh 1éch nho hon
0,0002. Dya trén nhiing két qua nay, mo hinh bac hai da dugc chon dé phan tich

thém dir 1iéu thuc nghiém.

Tiép theo, k¥ thuat phan tich phuong sai di duoc str dung dé kiém tra ¥ nghia
thdng ké cua phuong trinh bac hai ding cho mé ta méi quan hé giita cac bién dau
vao duogc khao sat va cac két qua danh gia, voi két qua cu thé duoc trinh bay trong
Bang PL11 va Bang PL12. Két qua phan tich cho thiy, phuong trinh bac hai thé
hién ddy du méi quan hé thuc té gita cac bién dau vao duoc nghién ciru va cac két
qua danh gia. Dic biét, theo két qua phan tich ANOVA, mé hinh duoc chon cung
cap gia tri F di cao, twong tmg vdi viéc cac bién trong phuong trinh bac hai sé hitu
anh huong dang ké dén gia tri ciia cac két qua déanh gia. Pong thoi, mo hinh phuong
trinh bac hai ciing cho gia tri hé sd xac dinh R? va gia tri R? sau diéu chinh rat cao,
cho thay mdi twong quan cao giita két qua thu dugc tir thuc nghiém va két qua du
doan theo md hinh phwong trinh bac hai. Ngoai ra, gia tri F kha thap cho thiy do
léch ciia mo hinh phuong trinh bac hai 1a khong dang ké khi so sanh voi sai s6
thuan tuy, trong khi gia tri @ chinh xac phi hop ctia md hinh phuong trinh bac hai
cling cao hon dang ké so v&i ngudng mong mudn, cho thy luong dit liéu thuc

nghiém dau vao 1 day di dé xay dung mé hinh phuong trinh bac hai nhu d chon.
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Bang 3.3. Két qua danh gia anh huong cua cac diéu kién van hanh 18n hiéu qua 16i
cudn cua dung dich 16i cuén MGDA 25%

STD Chénhlgch  Nhiét dd Luru lwong Théng H¢ s0
ap suat van hanh dong vao lwong Jw ton hao
dong vao (°C) (mL/phut) (LMH) Rds (g/L)
(bar)
1 0,0 20 300 8,69 0,415
2 0,4 20 300 8,79 0,407
3 0,0 40 300 8,53 0,423
4 0,4 40 300 8,63 0,415
5 0,0 30 250 9,85 0,366
6 0,4 30 250 9,98 0,359
7 0,0 30 350 9,84 0,367
8 0,4 30 350 9,96 0,359
9 0,2 20 250 8,78 0,408
10 0,2 40 250 8,63 0,415
11 0,2 20 350 8,77 0,408
12 0,2 40 350 8,62 0,415
13 0,2 30 300 9,83 0,364
14 0,2 30 300 9,83 0,364
15 0,2 30 300 9,84 0,364
16 0,2 30 300 9,83 0,364
17 0,2 30 300 9,86 0,363

Két qua phan tich ANOVA cho thdy mé hinh phuong trinh bac hai c6 thé
duoc st dung dé du do4n va tbi wu hoa anh huong cia cac bién dau vao 1én cac két
qua danh gia trong khong gian thiét ké thuc nghiém Box—Behnken dugc lia chon.
Bén canh d6, ditr liéu thuc nghi€ém cling dugc phan tich dé kiém tra mdi quan hé
giira gia tri thuc té va gid tri du doan cua cac két qua danh gid, ciing nhu muc chénh
léch giita nhitng gia tri nay. Nhu thé hién trong Hinh PL3, d6i v6i hau hét cac két
qua danh gia, muc chénh léch giita gia tri thuc té va gid tri du doan déu nho hon
10%, ddng thoi déu ndm gan trén dudng tuyén tinh. Ngoai ra, cac diém dir lidu trén

bi€u d6 xac suat chuan cia phan du chuan hod Student cting kha gan v6i mot dudong



111

thang. Nhitng két qua nay chi ra rang mé hinh duoc xay dung 1a phi hop, va cac gia

dinh co ban cua phan tich lién quan dén cac yéu t6 c6 y nghia da dugc théa man.

Thong lugng Jw (LMH) Hé s t6n hao Rds (g/L)
10,0 0,44
9,5 0,42
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Hinh 3.33. Két qua phan tich bé mit dap (ng nham danh gia anh huéng cua cac
thong sb diéu kién van hanh 1én thong luong Jw (trdi) va hé sé ton hao Rds (phai)
khi st dung dung dich 16i cubn MGDA 25%
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Két qua phén tich bé mit dap tmg (Hinh 3.33) cho thdy nhiét d6 van hanh la
yéu t6 anh huéng manh nhat dén ca thong luong Jw va hé sé ton hao Rds khi str
dung dung dich 16i cudn MGDA 25%. Nguoc lai, chéch 1éch 4p suit dong vao va
lru lugng dong vao 1a nhimg yéu td diéu kién van hanh twong ddi it anh huong dén
hiéu qua 16i cudn cua dung dich 16i cuén MGDA 25%, xét trong khoang diéu kién

van hanh duoc khao sat tai muc nay.

Nhin chung, két qua nay 13 kh4 trong dong khi so sanh véi dung dich 16i cubn
MAL 20% va dung dich 161 cudn PVP 20%. Viéc nhiét d6 van hanh c6 anh huong
dic biét 16n dén hiéu qua 161 cudn cua dung dich 161 cubn MGDA 25% c6 thé dugc
giai thich 1a do ca mudéi MGDA-3Na va axit citric déu so hitu kha ning phan ly
thanh cac ion twong tng trong dung dich, va qué trinh phan ly nay phu thudc nhiéu
vao nhi¢t do cua dung dich. V&i muc ti€u dat dugce gid tri thong luong Jw cao nhét
va gia tri h¢ sb ton hao Rds thép nhat, mot s6 tinh toan tdi wu hoa di duoc tién hanh
tu dong trén phan mém Design Expert 12 va dua ra két qua cac gia tri thong sé diéu
kién van hanh t6i wu nhit nhu sau: chénh léch 4p suat dong vao = 0,40 bar (phia
dong can xu 1y), nhiét d6 van hanh = 30,0°C, va luu lugng dong vao = 250
mL/phdt. Gia tri thong Jw va gia tri hé s6 tén hao Rds thu dugc khi van hanh tai cac
diéu kién nay dugc du doan 1an luot 149,97 LMH va 0,359 g/L.

Nam thi nghi¢m x4c nhan da duoc tién hanh tai cac diéu kién van hanh ti vu
theo tinh toan, vé&i gia tri thong lwong Jw va gid tri hé s6 ton hao Rds thu duoc lan
luot 12 9,996 + 0,192 LMH va 0,3580 + 0,0020 g/L. Tuy nhién, can luu ¥ ring céc
thong sd diéu kién van hanh t6i wu trén chi co gia tri trong pham vi gia tri da chi
dinh dugc nghién ctru. Can phai thyc hién thém céc thi nghiém dé x4c nhan bat ky
phép ngoai suy/ndi suy nao khac dya trén dir liéu thyc nghiém nay. Ngoai ra, dya
trén nhitg két qua thi nghiém trudc do, ton tai co sd khoa hoc dé cho riang nhitng
két qua t6i wu hoa v6i dong can xir 1y 1a nude de-ion ciing hoan toan c6 thé ap dung

cho trudng hop dong can xir 1y 1a nude nhiém man voéi d6 man 1én dén 10%o.

3.5. ANH HUONG CUA THOI GIAN VAN HANH KEO DAI LEN PAC TRUNG
LOI CUON CUA CAC DUNG DICH LOI CUON VA HIEU QUA CUA
PHUGONG PHAP LAM SACH MANG

Két qua nghién ctru (Hinh 3.34) cho thay, kha ning 16i cudn cua ca ba loai
dung dich 16i cudn déu xuat hién xu hudng giam dan theo thoi gian van hanh kéo
dai. Cu thé, sau 700 gio van hanh khong lién tuc, gia tri théng luong Jw khi sir dung
cac dung dich 16i cudn da giam lan luot nhu sau: dung dich 16i cuén MGDA 25%
giam tir 5,97 LMH xudng con 4,87 LMH (twong dwong khoang 18%), dung dich 16i
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cuébn PVP 20% giam tir 8,16 LMH xubng con 5,49 LMH (twong duong khoang
33%), va dung dich 16i cubn MAL 20% giam tir 5,64 LMH xuéng con 3,16 LMH
(twong duong khoang 44%). Diéu nay c6 thé dugc giai thich 1a do trong qua trinh
van hanh kéo dai, trén bé mit va bén trong mang ban thim di x4y ra tinh trang
nhiém ban, dan t6i giam dién tich hiéu qua cua mang loc ciing nhu gy can trd kha

nang thim thiu cua nudc qua mang [172].

-O- MAL 20% -O- PVP 20% -O- MGDA 25%
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Hinh 3.34. Anh huéng cua thoi gian van hanh kéo dai 1én thong lwong Jw ciia cac
dung dich 16i cuén

Anh SEM chup bé mit mang ban tham sau 700 gio van hanh khong lién tuc
(trong duwong khoang 01 thang van hanh lién tuc) di duoc sir dung nham danh gia
chinh x4c hon dic trung gay nhiém ban mang cua cac loai dung dich 16i cudn dugc
lra chon, nhu trinh bay trén Hinh 3.35, Hinh 3.36, va Hinh 3.37.

Cu thé, qua Hinh 3.35a va Hinh 3.35b co thé thiy rang trong truong hop
dung dich 16i cuén PVP 20% thi co ché nhidm ban mang chu yéu xay ra tai phia tiép

xuc voi1 dung dich 161 cudn 1a do sy lang can cua chat 161 cudn ca trén bé mat lan
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bén trong ciu trac cua mang ban thim. Do ban chit riéng cua chat 16i cudn
polyvinylpyrrolidon, cic hat can ling s& hiru kich thudc tuong d6i 16n (khoang trén
10 um) va ciu trac kha phirc tap. Nguyén nhan dan t&i hién tuong nay co thé duge
giai thich 1a do, dd xudt hién twong tic nhit dinh giita cac phén tu
polyvinylpyrrolidon va cac phan tir NaCl (hoac cac ion Nat+ va/hodc ion Cl-), lam
giam kha ning hoa tan ctia chat 16i cudn tai khu vuc xung quanh bé mit ciia mang
ban tham [227,228].

Hinh 3.35. Anh SEM bé mit mang loc phia tiép xtc vai dung dich 16i cudn PVP
20% (trén) va phia tiép xtc voi dong can xir 1y (duéi)

Nguoc lai, tai phia mang ban tham tiép xuc voi dong can xir 1y, thi co ché
nhiém ban chu yéu lai 14 do sy phat trién ctia cac loai vi sinh vat. Cu thé, qua Hinh
3.35¢ va Hinh 3.35d c6 thé thay rang mot phan dién tich dang ké trén bé mit mang
ban thim d3 bi bao pha bao nhitng cau trac hinh cau véi kich thudc khoang trén 2
um. Theo Kwan va cong su, dang cAu trac hinh ciu nhu vay thuong tuong ung véi
tinh trang nhiém ban mang gay ra béi sy phat trién cta cac loi vi sinh vat. Chinh sy
t6n tai cta 16p “mang sinh hoc” nay da lam anh huong dang ké dén kha ning

chuyén khoi cua nude, cling nhu cua chat 161 cuon qua mang béan tham
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[182,229,230].

Nhan xét twong tu ciing co thé duoc dua ra dbi voi dung dich 161 cudn MAL
20%, nhu thé hién trén Hinh 3.36. Cu thé, trong truong hop dung dich 16i cudn
MAL 20% thi co ché nhiém ban mang xay ra tai phia tiép xuc v6i dung dich 16
cubn van chu yéu 1a do su ling can ciia chét 16i cudn ca trén bé mat 13n bén trong
cAu triic cia mang ban thdm. Tuy nhién, do twong tac giita cac phan tir maltodextrin
va cac phan tir NaCl (hodc cac ion Na* va/hodc ion CIY), ciu trac cin ling hinh
thanh 13 twong ddi phirc tap va khong gidng véi cau tric vi mo théng thuong cia
maltodextrin (dang hat cau bat dbi ximg) (Hinh 3.36a va Hinh 3.36b) [231,232].

Hinh 3.36. Anh SEM bé mit mang loc phia tiép xtc véi dung dich 16i cuén MAL
20% (trén) va phia tiép xtc voi dong can xir 1y (duéi)

Nguoc lai, tai phia mang ban tham tiép xuc voi dong can xir 1y, thi co ché
nhiém ban chu yéu lai 1a do sy phat trién cua cac loai vi sinh vat tuong tu nhu doi
v6i dung dich 16i cuén PVP (Hinh 3.35¢ va Hinh 3.35d). Pang chu y, do
maltodextrin 1a mot hop chit gbc dudng nén cé thé dong vai tro ngudn dinh dudng
phtt hop hon cho cac loai vi sinh vat, dan t6i hién twong 16p “mang sinh hoc” hinh

thanh trén bé mit mang ban tham tré nén day hon va gia tri thong lwong Jw giam
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manh hon sau thoi gian dai van hanh lién tuc.

x1,000

Hinh 3.37. Anh SEM bé mat mang loc phia tiép xtc voi dung dich 16i cuén MGDA
25% (trén) va phia tiép xuc véi dong can xt 1y (dudi)

Pang chii y, qua Hinh 3.37a va Hinh 3.37b c6 thé thay ring trong truong hop
dung dich 161 cudn MGDA 25%, bé mit mang loc tai phia dung dich 161 cudn la
tuong dbi sach, gan nhu khong xut hién cin ling véi kich thude 16n hay nhiing
ving vi sinh vat dac biét phat trién. Hién twong nay co6 thé gidi thich 1a do mudi
MGDA-3Na von 1a mot tac nhan ty rira, do vay khi tham thiu ngugc qua mang cd
thé giip can trd sy xam nhiém cua vi sinh vat 1én bé mat mang loc, nho vay giup
han ché tinh trang nhiém bén sinh hoc tai phia dong can xtr Iy va mudi MGDA-3Na
1a mudi hitu co cta natri, phan ly thanh ion Na* twong tw nhu NaCl, béi vay khong
xuat hién tuong tac bat 1gi v6i cac phan tir NaCl thadm thau nguoc qua mang giy
giam kha nang hoa tan trong dung dich. Tuy nhién, tai phia dong can xir 1y, c6 thé
quan sat thay sy xuat hién cta cic cau truc két tinh dang 1ap phuwong véi kich thudce
khoang trén 10 pm (Hinh 3.37¢ va Hinh 3.37d). Pay c6 thé 1a nhiing tinh thé mubi
két tinh, hinh thanh do sy thdm thau ngugc qua mang cta ion Na* tir phia dung dich

161 cudn, cling nhu hién twong phan cyc nong do cuc bd gan khu vyc bé mat mang
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ban thdm, khién cho ndng d6 cta ion Na* tai khu vuc xung quanh bé mit mang ban

thiAm ting cao, thuc ddy su két tinh cta tinh thé NaCl.

Thi nghiém lién quan dén hiéu qua lam sach bang phwong phép rira xudi (Hinh
3.38, Hinh 3.39, va Hinh 3.40) cho thiy, phwong phap nay da cho phép hdi phuc
dén 98% gia tri thong luong Jw trong truong hop dung dich 161 cubn MGDA 25%,
82% gia tri thong lwong Jw trong trudng hop dung dich 16i cudn PVP 20%, va 78%
gia tri thong lwong Jw trong trudng hop dung dich 16i cuén MAL 20%. Diéu nay co
thé dugc giai thich 1a do, trong trudng hop dung dich 16i cudn MGDA 25% thi
nguyén nhan gay nhiém ban chu yéu 1a cac hat tinh thé mudi véi kich thude 16n
ling trén bé mat mang ban thim — béi cac hat tinh thé mudi nay s hitu kha ning dé
dang hoa tan tr¢ lai vao dong rtra xudi, nén qua trinh rra xu61 da cho phép loai bo
gan nhu hoan toan cac hat tinh thé mudi két tinh nay, tir d6 gitip khoi phuc gan nhu

hoan toan tinh chat tham thau cia mang ban tham.
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Hinh 3.38. Anh huéng cua thoi gian van hanh va phuong phap 1am sach rira xudi
1én thong luong Jw (dung dich 16i cudn MAL 20%)

Nguoc lai, trong truong hop dung dich 16i cudn MAL 20% va dung dich 16
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cubén PVP 20%, do tinh trang nhiém ban ctia mang ban tham tai ca phia dong can xir
1y va phia dung dich 16i cuén déu twong d6i nghiém trong, nén phuong phap rira
xudi chi cho phép khéi phuc mét phan nhét dinh tinh chit thAm thiu cua mang ban
thAm. Thanh phan cin ling t6n tai bén trong ciu tric ciia mang va 1ép “mang sinh
hoc” chua bi rira troi hoan toan sé tiép tuc dong vai trd ngin can qué trinh chuyén
khéi ctia nuéc qua mang, khién cho gia tri thong luong Jw khong thé khoi phuc lai
nhu ban dau, dong thoi tao diéu kién cho qué trinh nhidm ban tiép theo cang tré nén

nghiém trong hon.
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Hinh 3.39. Anh huéng cua thoi gian van hanh va phuong phap 1am sach rira xudi
1én thong lwong Jw (dung dich 16i cubn PVP 20%)
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®  Sau 10 tiéng ®  Sau 700 tiéng

7.00

=
5.97 5.95 5

E 6.00 3.95 5.92
e
=
£ 500 4.87 4.85
]
S
=
e
= 4.00
g
]
< 300
£
=
%" 2.00
o0
g 1.00
=
[

0.00

Lwot 1 Lwot 2 Lwot 3

Hinh 3.40. Anh huéng coa thoi gian van hanh va phuong phap lam sach rira xudi
1én théng luong Jw (dung dich 18i cubn MGDA 25%)

3.6. HIEU QUA VAN HANH TREN MAU NUOC NHIEM MAN THUC TE CUA
CAC DUNG DICH LOI CUON

Két qua khao sat thong lwong Jw (Hinh 3.41) cho thiy, khong ton tai khac biét
dang ké vé mit dic trung 16i cudn cua cac dung dich 16i cudn duoc khao sat giira
khi dung dich dong can xir 1y 13 mau nudc nhidm min thuc té di duoc tién xtr 1y, va
khi dung dich dong can xir 1y 12 mau nudc min md phong v6i dd min twong duong
(d0 man tinh theo NaCl = 10%o).

Két qua phan tich tinh chét cta cac mau nudc sach thu dugc sau hoan nguyén
dung dich 16i cubén (Bang 3.4 va Hinh PL4) cho thiy, sau khi duoc xir Iy qua hai
budc 1a mang FO va mang NF, san pham nudc sach dau ra di dap tmg t6t mot sb
yéu cau k¥ thuat chinh theo khuyén nghi trong Quy chuan k¥ thuat qudc gia QCVN
01-1:2018/BYT vé chét luong nudce sach st dung cho muc dich sinh hoat. Cu thé,
gia tri TDS cua cac san pham nude sach dau ra dao dong trong khoang 296 — 427

mg/L, thip hon dang ké so voi ngudng gidi han tdi da 1.000 mg/L theo huéng dan
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ciia WHO [200] va quy chuan qudc gia QCVN 01-1:2018/BYT [201] dbi v6i nude
sinh hoat. M6t s chi tiéu quan trong khac clia cac san pham nudc sach dau ra (bao
gém: do duc, mau sic, do cing, asen, clorua, natri, sunphat, nitrat, nitrit, va
Coliform) ciing twong ddi thap, cho thay viéc két hop cong nghé mang FO va mang
NF di gitp loai bé hau nhu hoan toan céc thanh phan gy hai ton tai trong ngudn
nude can xir Iy ban dau. Tuy nhién, dang chu y 13 ndng d6 ion Na* trong san pham
nude sach dau ra thu duge sau hoan nguyén dung dich 16i cuén MGDA 25% vén
con tuong dbi cao (120 mg/L, so voi ngudng gii han 200 mg/L), ma nguyén nhan
6 thé 1a do su ton tai cua néng d6 ion Na* tuong ddi cao thanh phﬁn dung dich 161
cuébn MGDA 25%. Diéu nay dit ra van dé can nghién ciu st dung mot sd cong
nghé loc qua mang khac dé hoan nguyén dung dich 16i cuén MGDA, vi dy nhu

cong nghé mang FO, nham dam bao t6t nhat chat lvong san phim nudce sach dau ra.
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Hinh 3.41. So sanh hiéu qua van hanh cua céc dung dich 16i cuén trén mau nudc
nhiém man thyc té va mau nudc man mé phong
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Bang 3.4. Chat lugng nuéc sach thu duoc sau khi hoan nguyén céc dung dich 16i
cudn, so sanh theo Quy chuan k¥ thuat quc gia QCVN 01-1:2018/BYT

Chi tiéu phan tich Dong Dung dich 16i cudn sir dung Gi6i han

cn AL PVP MGDA _ theo
Xy - o00s 2006 2506 QCVNOL-
thuee té 1:2018/BYT
[224]
b6 pH - 7,2 6,7 6,7 6,9 6,0-8,5
TDS mg/L  10.800 368 296 427 1.000
b6 duc NTU <0,2 <0,2 <0,2 <0,2 2
Mau sic TCU <5 <5 <5 <5 15
Do cing mg/L 150 40 40 25 300
Asen mg/L  <0,01 <0,01 <0,01 <0,01 0,01
Natri mg/L 4.200 10 10 120 200
(Na)
Clorua mg/L 4,700 0,4 0,4 0,4 250
(CI)
S04 mg/L 290 <2 <2 <2 250
NO3 mg/L 1,63 0,91 0,97 0,94 2
NO2- mg/L 0,04 <0,015 <0,015 <0,015 0,05
Coliform CFU/ 230 0 0 0 3

100mL
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KET LUAN

Luan &n da hoan thanh cac ndi dung nghién ctru dugc dua ra, bao gom:

e Nghién ciru diic trung 16i cudn co ban cia mdt s6 dung dich 18i cudn
tiém ning dwoc lwa chon, bao gdm dung dich 16i cudn chtra t6 hop mudi trinatri a-
DL-alanin diaxetat va axit citric (dung dich MGDA) véi ty 1 tinh theo khdi lugng =
85/15. Tai ngudng ndng dd 25%, dung dich MGDA cho phép 16i cubén nuéc tham
thiu qua mang tir ngudn nudc can xir Iy véi dd man 1én dén 15%., cho gid tri thong
luong Jw trung binh sau 150 phut van hanh dat dén 5,05 LMH. Tai buéc hoan
nguyén bang phuong phép loc qua mang NF 4p luc thap, san pham nuéc sach dau
ra thu dugc c6 chi s6 TDS 1a khoang 415 mg/L, thap hon dang ké so v&i ngudng toi
da theo QCVN 01-1:2018/BYT. Murc d6 tén hao trung binh cua chat 16i cudn tai
budc loc qua mang NF duoc xac dinh la khoang 2,78%. Nhitng nghién ctru twong tu
cling da duoc tién hanh véi hai loai dung dich 16i cuén tiém niang khac 1a dung dich
maltodextrin (MAL) va dung dich polyvinylpyrrolidon (PVP), véi két qua thu duoc

tuong dbi tot.

e Nghién ciru anh hwéng ciia mét s6 yéu té diéu kién van hanh 1én hiéu
qua 16i cudn ciia nhirng dung dich 16i cudn tiém ning dwoc lwa chon. Nghién
curu da xac dinh anh huong cua tdc do dong vao, chénh 1éch ap suét dong vao, va
nhiét d6 dong vao 1én hiéu qua hiéu qua 16i cudn cta ba loai dung dich 16i cudn
MAL 20%, dung dich 16i cuén PVP 20%, va dung dich 16i cudn MGDA 25%:; xac
dinh xu huéng thay d6i ctia thong lugng Jw va thong luong chit 16i cudn thim thau
nguoc qua mang Js phu thudc vao ba yéu té diéu kién van hanh dwoc nghién ciru;

cling nhu so sanh két qua thu dugc véi nhirng cong bd qudc té lién quan.

e Nghién ciru toi wu hoa cic yéu té diéu kién van hanh nay nhim thu
dwoe hiéu qua 16i cudn tot nhat cho ba loai dung dich 18i cudn dwoc lra chon.
Cu thé, nghién ctru di ap dung phuong phap thiét ké thi nghiém Box—Behnken va
phuong phap bé mit dap img nham danh gia sau hon anh huéng cua téc do dong
vao, chénh 1éch ap suét dong vao, va nhi¢t d¢ dong vao 1én hi€u qua hi€u qua 161
cudn cua ba loai dung dich 16i cuén MAL 20%, dung dich 16i cudén PVP 20%, va
dung dich 16i cudn MGDA 25%, tir d6 dé& xuat md hinh toan hoc phi hop mé ta anh
hudng cua cac yéu to diéu kién van hanh nay l1én dic trung 16i cudn (théng lugng
nude tham thau qua mang Jw va hé s6 ton hao chat 16i cudén do thim thiu ngugc
Rds) cta ba loai dung dich 16i cudn. Ngoai ra, nghién ciru ciing di xac dinh duoc
diéu kién van hanh t6i wu cho ba loai dung dich 16i cuén, va thanh céng xac minh
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thong qua phuong phap thue nghiém tinh tin cdy cta nhitng két qua tdi uu hoa nay.

e Nghién ciru dnh hwéng cia thoi gian van hanh kéo dai 1én hiéu qua
hoat dong va dic trung nhiém bin ciia mang thim thiu chuyén tiép khi sir
dung nhirng dung dich 16i cudn tiém ning dwoc lya chon va hi¢u qua lam sach
mang thim thau chuyén tiép ciia phwong phap rira xudi. Cu thé, nghién ciru da
xéac dinh dung dich 16i cuén MGDA 25% c6 thé van hanh tuong ddi 6n dinh trong
khoang thoi gian 700 gio, véi miac do suy gidm thong lugng Jw khoang 18%.
Nguoc lai, trong ciing diéu kién thi mirc d6 suy giam thong luong Jw cua dung dich
16i cuén MAL 20% va dung dich 16i cudn PVP 20% di dat t6i 1an luot khoang 44%
va 33%.

Két qua nghién ctru hiéu qua 1am sach cho thay, phuong phéap rira xudi cho
hiéu qua hoi phuc thong lugng Jw dac biét tot khi dung dich 161 cudn duge st dung
la dung dich MGDA 25%, dat t&1 98% gia tri ban dau. Nguoc lai, trong cung diéu
kién nghién ctru, hiéu qua hdi phuc ddi voi dung dich 16i cudn MAL 20% va dung
dich 16i cuén PVP 20% chi dat lan lugt 78% va 82%.

e Nghién ctru kha ning 16i cudn cia nhirng dung dich 18i cudn tiém ning
dwoc lwa chon trén ddi twong nguon nwéc can xir Iy 1& miu nwéc nhiém man
thuc té. Két qua nghién ciu cho thay, ca ba loai dung dich 16i cuén déu thé hién
kha niang 16i cudn tuong duong giita khi d6i twong ngudn nudc can xir ly 13 mau
nuéc nhiém man thyuc té, va khi d6i twong nguén nude can xi 1y 1a nude nhiém man
mo phong. Két qua trén da ching minh tiém nang wng dung thuc té cua ba loai dung
dich 16i cuén nay. Bén canh dé, nudc sach thu duoc tir qua trinh hoan nguyén ba
loai dung dich 16i cuén bang phuong phap NF di dap ang mot sé yéu cau chinh cua
Quy chuan k¥ thuat quéc gia QCVN 01-1:2018/BYT vé chat luong nuéc sach st
dung cho muc dich sinh hoat.
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PE XUAT PINH HUONG NGHIEN CUU TRONG TUONG LAI

Luan &n da thanh cong thu dugc nhiéu két qua nghién ctru maéi, bao gom:

(1) x4c dinh duoc dic trung tinh chat va tiém ning tmg dung cua dung dich 1i
cuén méi MGDA,;

(2) nghién ctru siu anh hudng cua cac yéu td diéu kién van hanh 1én dic trung
16i cudn cua ba loai dung dich MAL, dung dich PVP, va dung dich MGDA;

(3) ting dung thiét ké thi nghiém Box—Behnken va phuong phap bé mit dap (mg
dé t6i vu hod diéu kién van hanh cho ba loai dung dich 16i cuén trén nhim thu dugc

hiéu qua khtr m@n — san xuat nudc ngot cao nhat;

(4) danh gid dugc anh huong cua diéu kién van hanh kéo dai va lién tuc 1én dic
trung gdy nhiém ban mang cta ba loai dung dich 16i cudn trén, cling nhu hiéu qua

lam sach mang ctuia phuong phap rira xudi doi véi ting loai dung dich 161 cudn;

(5) danh gia dugc hi€u qua khir mdn — san Xuit nudc ngot cua hé¢ théng mang
FO/NF st dung ba loai dung dich 161 cudn trén, so sanh vai Quy chuin k¥ thuat
quéc gia QCVN 01-1:2018/BYT vé chét luong nude sach st dung cho muc dich

sinh hoat.

Nhitng két qua nay di cho thiy tiém ning tng dung rat 16n trong khir min — san
xuét nudc ngot ctia hé théng mang FO/NF néi chung, va hé théng mang FO/NF sir
dung cac dung dich 16i cudn tiém ning dugc khao sat ndi riéng. Trén co sé nay,

nghién ctru sinh xin dua ra nhiing dé xuat va kién nghi sau:

1. Kién nghi tiép tuc tao diéu kién mo rong tim kiém cac chat 16i cudn (dung
dich 16i cubén) méi hidu qua va an toan, boi day 1a mot dinh huéng nghién ciru mang
tinh thudng xuyén va lién tuc trén toan thé gidi nham khong nging tao ra nhimg

dung dich 16i cuén tét hon;

2. Kién nghi tao diéu kién ti€p tuc md rong nghién ctru trong ludn an nay ca vé
mat cong suat (quy mo pilot, quy mo san xuat nho), thoi gian, va doi tugng (nguon
nude nhiém min thue té voi cdc dic trung hod — 1y khic nhau) nhim xay dung nén

mong vitng chac cho viée ting dung cac két qua nghién ctru vao thyc ti€n san xuat.
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PHU LUC
Bang PL1. Két qua kiém tra tinh pht hop ciia mé hinh phuong trinh da thtc bac hai
sir dung cho téi wu hoa dbi vai dung dich 16i cuén MAL 20% theo Jw

Téng binh phwong md hinh tuin ty

Téong S6 Binh Giatri  Giatri Nhin
binh df phuwong F p xet
phuong trung
binh
Trung 1823,36 1 1823,36
binh
Tuyén 1,29 3 0,4294 1,68 0,22
tinh
2F1 0,0001 3 0 0,0001 1
Béc hai 3,32 3 1,11 2348258 <0,0001 Deé xuat
Bic ba 0,0003 3 0,0001 4,17 0,1008 Lbi
Phandvw  0,0001 4 0
Tong 1827,97 17 107,53

Thong ké mé hinh tong hop

Do léch R? R? R? Gia tri Nhén
chuén hiéu dw PRESS xét
chinh doan

Tuyén 0,5055 0,2795 0,1132 -0,2757 5,88
tinh

2FI 0,5763 0,2795 -0,1528 -1,735 12,61
Bic hai 0,0069 0,9999 0,9998 0,9991 0,0041 = Dé xuit
Bic ba 0,0045 1 0,9999 * Loi
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Bang PL2. Két qua kiém tra tinh pht hop ciia mé hinh phuong trinh da thtc bac hai
sir dung cho t6i wu hoa dbi vai dung dich 16i cuén MAL 20% theo Rds

Trung
binh

Tuyén
tinh

2F1
Bac hai
Bac ba
Phan dw
Téng

Tuyén
tinh

2FI
Bac hai

Bac ba

Téng
binh
phuong

1,07
0,0009

2,50E-07
0,0021
1,25E-06
8,00E-07
1,08

D) 1éch
chuin

0,0127

0,0145
0,0005
0,0004

Téng binh phwong md hinh tuin ty

S6
df

A W W W

17

RZ

0,3113

0,3114
0,9993
0,9997

Binh

phuong

trung
binh

1,07

0,0003

8,33E-08

0,0007

4,17E-07
2,00E-07

0,0632

RZ
hiéu
chinh
0,1524

-0,1017
0,9985
0,9989

Gia tri
F

1,96

0,0004
2384,8
2,08

RZ
duy
doan

-0,2011

-1,5382
0,993

Gi4 tri

p

0,1701

1
< 0,0001
0,2451

Thong ké mé hinh tong hop

Gia tri
PRESS

0,0037

0,0077
0

*

Nhan
xét

Dé xuat

Lo1

Nhan
xét

Dé xuat

Lo1
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Bang PL3. Phéan tich ANOVA cua mo6 hinh phuong trinh da thirc bac hai st dung

Bién

Mo hinh

X1
X2
X3

X1-X2
X1-X3
X2-X3
X12
X22
X3?
Phan dw
P 1éch

Sai s6
thuin
Téng
hi¢u
chinh

Tong
binh
phuong

4,61

0,0242
1,26
0
0
0,0001

0,0055
3,11
0,1349
0,0003
0,0002

0,0001

4,61

So
df

[ N S N = R R e R e T

16

Binh
phuong
trung
binh

0,5122

0,0242
1,26
0
0
0,0001
0
0,0055
3,11
0,1349
0
0,0001

Gi4 tri
F

10864,04

513,33
26813,18
0
0
2,12
0
115,75
65903,25
2861,72

4,17

cho t6i wu hoa dbi vai dung dich 16i cuén MAL 20% theo Jw

Gia tri

P

< 0,0001

< 0,0001
< 0,0001
1
1
0,1886
1
< 0,0001
< 0,0001
< 0,0001

0,1008

Nhén
xét

co
y nghia

khong
y nghia
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Bang PL4. Phéan tich ANOVA cua mo6 hinh phuong trinh da thirc bac hai st dung

Bién

Mo hinh

X1
X2
X3

X1-X2
X1-X3
X2-X3
X12
X22
X3?
Phan dw
P 1éch

Sai s6
thuin
Téng
hi¢u
chinh

Tong
binh
phuong

0,003

0
0,0009
0
2,50E-07
0
0
2,63E-09
0,0019
0,0001
2,05E-06
1,25E-06

8,00E-07

0,003

So
df

9

[ N S N = R R e R e T

16

Binh
phuong
trung
binh

0,0003

0
0,0009
0
2,50E-07
0
0
2,63E-09
0,0019
0,0001
2,93E-07
4,17E-07

2,00E-07

Gi4 tri
F

1154,8

154,09
3083,84
0
0,8537
0
0
0,009
6630,51
320,98

2,08

cho t6i wu hoa dbi vai dung dich 16i cuén MAL 20% theo Rds

Gia tri

P

< 0,0001

<0,0001
<0,0001
1
0,3863
1
1
0,9271
<0,0001
<0,0001

0,2451

Nhén
xét

co
y nghia

khong
y nghia
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Bang PL5. Két qua kiém tra tinh pht hop ciia mé hinh phuong trinh da thtc bac hai
str dung cho t6i wu hoa dbi vai dung dich 16i cudn PVP 20% theo Jw

Téng binh phwong md hinh tuin ty

Téong S6 Binh Gia tri Gia tri Nhin
binh df phuong F p xet
phuong trung
binh
Trung 3347,98 1 3347,98
binh
Tuyén 2,09 3 0,6976 1,77 0,2026
tinh
2FI 0 3 8,33E-06 0 1
Béc hai 513 3 1,71 8218,84 <0,0001 Dé xuit
Béc ba 0,0008 3 0,0003 1,52 0,3387 Loi
Phindw  0,0007 4 0,0002
Tong 3355,2 17 197,36
Thong ké mé hinh tong hop
P léch R2 R2 R2 Gia tri Nhin
chuin hiéu du PRESS xét

chinh doan

Tuyén 0,628 0,2899 0,126 -0,2927 9,33
tinh

2FI 0,716 0,2899 -0,1362  -1,8429 20,52
Bic hai 0,0144 0,9998 0,9995 0,9981 0,0135  Dé xuit
Bic ba 0,013 0,9999 0,9996 * Loi
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Bang PL6. Két qua kiém tra tinh pht hop ciia mé hinh phuong trinh da thtc bac hai
st dung cho t6i wu hoa dbi vai dung dich 16i cuén PVP 20% theo Rds

Trung
binh

Tuyén
tinh

2F1
Bac hai
Bac ba
Phan dw
Téng

Tuyén
tinh

2F1
Bac hai

Bac ba

Téng
binh
phuong

0,2941
0,0002

5,00E-07
0,0005
2,50E-07
0
0,2948

D) 1éch
chuin

0,0061

0,0069
0,0002
0

Téng binh phwong md hinh tuin ty

S6
df

A W W W

RZ

0,3076

0,3083
0,9996
1

Binh
phuong
trung
binh

0,2941

0,0001

1,67E-07
0,0002
8,33E-08
0
0,0173

RZ
hiéu
chinh
0,1478

-0,1068
0,9992
1

Gia tri
F

1,92

0,0035

4505,53

RZ
duy
doan

-0,2383

-1,6762
0,9943

Gi4 tri

p

0,1755

0,9997
< 0,0001

Thong ké mé hinh tong hop

Gia tri
PRESS

0,0009

0,0019
4,00E-06

*

Nhan
xét

Dé xuat

Nhan
xét

Dé xuat

Lo1
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Bang PL7. Phan tich ANOVA cua mo6 hinh phuong trinh da thirc bac hai st dung
cho t6i wu hoa dbi vai dung dich 16i cudn PVP 20% theo Jw

Bién Tong So Binh Giatri  Giatri  Nhan
binh df phuwong F p xet
phwong trung
binh
Md hinh 7,22 9 0,802  3858,38 <0,0001 co
y nghia
X1 0,1953 1 0,1953 939,65 <0,0001
X2 1,89 1 1,89 9100,06 < 0,0001
X3 0,0061 1 0,0061 29,11 0,001
X1-X2 0 1 0 0,1203  0,7389
X1-X3 0 1 0 0 1
X2-X3 0 1 0 0 1
X12 0,0223 1 0,0223 107,21  <0,0001
X22 4,98 1 498 2394585 <0,0001
X32 0,0709 1 0,0709 341,02 <0,0001
Phindw  0,0015 7 0,0002
P 1éch 0,0008 3 0,0003 1,52 0,3387 khong
y nghia
Sai s6 thuan  0,0007 4 0,0002
Tong 7,22 16
hi¢u

chinh



XXIV

Bang PL8. Phan tich ANOVA cua mo6 hinh phuong trinh da thirc bac hai st dung
cho t6i wu hoa dbi vai dung dich 16i cudn PVP 20% theo Rds

Bién Tong So Binh Giatri  Giatri  Nhan
binh df phuwong F p xet
phwong trung
binh
Mé hinh  0,0007 9 0,0001  2171,51 <0,0001 co
y nghia
X1 0 1 0 686 < 0,0001
X2 0,0002 1 0,0002 53235  <0,0001
X3 1,25E-07 1 1,25E-07 3,5 0,1036
X1-X2  2,50E-07 1 2,50E-07 7 0,0331
X1-X3  2,50E-07 1 2,50E-07 7 0,0331
X2-X3 0 1 0 0 1
X12 2,63E-07 1 2,63E-07 7,37 0,03
X22 0,0005 1 0,0005  12997,89 < 0,0001
X32 9,47E-06 1 9,47E-06 265,26 = <0,0001
Phindw  2,50E-07 7 3,57E-08
Pjléch  2,50E-07 3 8,33E-08 0,0069  0,9991 khéng
y nghia
Sai s6 thuén 0 4 0
Tong 0,0007 16
hi¢u

chinh
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Bang PL9. Két qua kiém tra tinh pht hop ciia mé hinh phuong trinh da thtc bac hai
st dung cho t6i wu hoa dbi vai dung dich 16i cuén MGDA 25% theo Jw

Téng
binh
phuong
Trung 1473,31
binh
Tuyén 0,0737
tinh
2F1 0
Bac hai 6
Béc ba 0,0004
Phandw  0,0007
Tong 1479,38
Do léch
chuin
Tuyén 0,6794
tinh
2FI 0,7747
Bac hai 0,0123
Béc ba 0,013

Téng binh phwong md hinh tuin ty

So Binh
df phwong
trung
binh
1 1473,31
3 0,0246
3 8,33E-06
3 2
3 0,0001
4 0,0002
17 87,02

Gia tri
F

0,0532

0
13270,89
0,7353

Gi4 tri

p

0,9831

1
< 0,0001
0,5832

Thong ké mé hinh tong hop

R? R’
hiéu
chinh
0,0121 -0,2158
0,0121 -0,5806
0,9998 0,9996
0,9999 0,9996

RZ
duy
doan

-0,846

-3,1531
0,9988

Gia tri
PRESS

11,21

25,23
0,0071

*

Nhan
xét

Dé xuat

Lo1

Nhan
xét

Dé xuat

Lo1
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Bang PL10. Két qua kiém tra tinh pht hop ctia mé hinh phuong trinh da thirc bac
hai sir dung cho téi vu hod d6i véi dung dich 16i cubn MGDA 25% theo Rds

Trung
binh

Tuyén
tinh

2F1
Bac hai
Bac ba
Phan dw
Téng

Tuyén
tinh

2FI
Bac hai

Bac ba

Téng
binh
phuong

2,54
0,0002

2,50E-07
0,0106
7,50E-07
8,00E-07
2,55

D) 1éch
chuin

0,0285

0,0325
0,0005
0,0004

Téng binh phwong md hinh tuin ty

S6 Binh Giatri  Giatri
df phwong F p
trung
binh
1 2,54
3 0,0001  0,0953  0,9613
3 8,33E-08  0,0001 1
3 0,0035  15926,76 < 0,0001
3 2,50E-07 1,25 0,4028
4 2,00E-07
17 0,1503

Thong ké mé hinh tong hop

R? R2 R? Gia tri
hiéu du PRESS
chinh doan

0,0215 -0,2043 -0,8118 0,0196

0,0215 -0,5655 = -3,0443 0,0437
0,9999 0,9997 0,9988 0
0,9999 0,9997 *

Nhan
xét

Dé xuat

Lo1

Nhan
xét

Dé xuat

Lo1
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Bang PL11. Phan tich ANOVA ctia m6 hinh phuong trinh da thirc bac hai sur dung
cho t6i wu hoa dbi voi dung dich 16i cuén MGDA 25% theo Jw

Bién Tong So Binh Giatri  Giatri  Nhan
binh df phuwong F p xet
phwong trung
binh
Md hinh 6,07 9 0,6749  4477,96 <0,0001 co
y nghia
X1 0,0253 1 0,0253 167,95 <0,0001
X2 0,048 1 0,048 318,82  <0,0001
X3 0,0003 1 0,0003 2,07 0,1931
X1-X2 0 1 0 0 1
X1-X3 0 1 0 0,1659 0,696
X2-X3 0 1 0 0 1
X12 0,0009 1 0,0009 6,08 0,0431
X22 5,99 1 599  39744,85 <0,0001
X32 0,0126 1 0,0126 83,74  <0,0001
Phindw  0,0011 7 0,0002
P 1éch 0,0004 3 0,0001  0,7353 = 0,5832 khong
y nghia
Sai s6 thuan  0,0007 4 0,0002
Tong 6,08 16
hi¢u

chinh
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Bang PL12. Phan tich ANOVA ctia m6 hinh phuong trinh da thirc bac hai sur dung
cho t6i wu hoa dbi vai dung dich 16i cuén MGDA 25% theo Rds

Bién Tong So Binh Giatri  Giatri  Nhan
binh df phuwong F p xet
phwong trung
binh
Mé hinh  0,0108 9 0,0012  5425,84 <0,0001 co
y nghia
X1 0,0001 1 0,0001 5425  <0,0001
X2 0,0001 1 0,0001 508,06  <0,0001
X3 1,25E-07 1 1,25E-07 05645 = 0,4769
X1-X2 0 1 0 0 1
X1-X3  2,50E-07 1 2,50E-07 1,13 0,3233
X2-X3 0 1 0 0 1
X12 6,32E-06 1 6,32E-06 28,53 0,0011
X22 0,0105 1 0,0105  47490,67 < 0,0001
X32 0 1 0 98,42  <0,0001
Phindw  1,55E-06 7 2,21E-07
Pjléch  7,50E-07 3 2,50E-07 1,25 0,4028 khong
y nghia
Sai s0 thuan 8,00E-07 4 2,00E-07
Tong 0,0108 16
hi¢u

chinh
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11 ,007 Thong lugng Jw Théng lugng Jw
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Hinh PL1. Két qua kiém tra mdi quan hé giira gié tri thuc té va gia tri du doan cua
cac két qua danh gia trong mé hinh bac hai sir dung cho ti vu hoa ddi véi dung
dich 16i cubn MAL 20% theo Jw (trén) va theo Rds (dudi)
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Hinh PL2. Két qua kiém tra mdi quan hé giira gid tri thuc té va gia tri du doan cua
cac két qua danh gia trong mé hinh bac hai sir dung cho tdi uu hoa ddi véi dung
dich 18i cudn PVP 20% theo Jw (trén) va theo Rds (dui)
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Hinh PL3. Két qua kiém tra mdi quan hé gitra gid tri thuc té va gia tri du doan cua

Du doan
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Phan du chuin hoa Student

cac két qua danh gia trong mé hinh bac hai sir dung cho tdi uu hoa ddi véi dung
dich 16i cuén MGDA 25%theo Jw (trén) va theo Rds (dudi)
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VIEN HAN LAM KHHOA HQC VA CONG NGHE VIET NAM

VIEN HOA HOC
AL PHONG HOA SINH MOI TRUONG
w Nha A8, 18 Hoang Quéc Vigt, Ciu gidy, Ha Noi

PHIEU KET QUA PHAN TiCH

Ngudi gii miu: Hoang Minh Tao

Dia chi: Nha A28, s6 18 duong Hoang Qudc Viét, Cau Gidy, Ha Noi
Loai miu : Mau nude

S6 lwgng miu: 04

Ngay giri mau: 14/03/2025

Ngay phdn tich  14/03/2025 dén 21/03/2025

wp | Chltga | o Ky hi¢u miu QCVN 01-
phén tich ’ M1 M2 M3 M4 1:2018/BYT
1 | DopH . 7.2 6.7 6.7 6,9 6,0 -85
2 [TDS mg/L 10.800 368 296 427 1.000
3 | Ds duc NTU <0,2 <02 | <02 | <02 2
4 | Mau sic TCU <5 <5 <5 <5 15
5 | Do cimg me/l. 150 40 40 25 300 |
6 | Asen mg/L <001 | <001 | <001 | <001 0,01
7 | Natri — 4.200 10 10 | 120 200
8 | Clorua mpl | 4.700 0,4 04 0.4 250
KRG mp/L. 290 <2 <2 <2 | 250
10 | NOy Cmpll. | 1,63 091 0,97 0,94 2 |
11 | NOy my/l. 0,04 | <0015 | <0015 | <0,015 0,05
| 12 | Coliform | CFU/100mL | 2,3x107 0 0 0 <3

Ghi chi:
QCVN 01-1:2018/BYT: Quy chudn ky thudt Quéc gia vé chdt liwgng nude sach sic dung
cho mue dich sinh hoat.
M. Mdu nirde mét dé diege tien xie Iy trude khi vao hé Iho'}zg loc FO (ddu vao FO)
M2, Méu niede sau khi qua hé thong loc NF (sic dung dung dich 16i cuén MAL 20%)
M3. Méu mede sau khi ua hé thong loc NF (sie dung dung dich 16 cuén PVP 20%)
M4, Méu mede sau khi qua ¢ lhé'ng loe NF' (sir dung dung dich l6i cuén MGDA 25%)

Vién Héa hoe xdc nhin Ha Noi, ngay 21 thing 3 nam 2025
TS. Dao Hai Yén la Trzong phong Trudéng Phong

TL. VESh SONG Truimg
KT. TRUONG PHONG QLTH

[IONG . //E‘ZC/N/

\ﬂ/,- TS. Pao Hii Yén

~Yu¥@ Thi Thu Quyén
- Tén maw, ki hien mdx gl iheo (hiig th cia Kdch hang
- Két yud chi ¢o gid tri d6ivéi méie khdeir hang givi phan tich
- Liny mé va gici quyét thic mde irong vong 05 ngay i khi tra két qua

Hinh PL4. Phiéu két qua phan tich chét lugng nude sach thu duoc sau khi hoan
nguyén cac dung dich 16i cuén




