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NGHIEN CUU ANH HUONG CUA PH PEN PIEN
TiCH CUA MANG LOC NANO

Nguyén Phuong Ti, Poan Thi Oanh
Truong Pai hoc Tai nguyén va Moi truong Ha Noi
Tém tit
Bai bdo dé cdp dén anh huéng ciia gid tri pH dén dién tich ciia mang loc nano
trong qud trinh hoat dong ciia mang. Dién tich ciia mang loc khéng cé dinh ma c6
thé thay doi khi thay d6i pH cia dung dich. Thi nghiém dwoc tién hanh véi mang
loc nano composite lop mong NF-270. Cac gia tri dién thé zeta thé hién dién tich
ciia mang loc thay doi theo sw thay doi pH ciia dung dich dau vao. Pién thé zeta
gidm khi tang pH tir 3,81 t6i 10,52. Khi gid tri dién thé zeta nhé hon 0, tri tuyét doi
cia né tang khi pH tang. Bdc biét, tai pH = 5,01, ¢é st thay doi dién tich ciia mang
loc. Gid tri dién thé zeta cia mang loc tai pH 5,01 la -0,41 mM, thé hién sur thay
doi dién tich mang loc tir dién tich dwong sang dién tich am. Anh hudng ciia pH dén
dién tich ciia mang loc la yéu té quan trong tac déng t6i kha néng logi bé cdc chat
tan mang dién tich cua mang loc nano.
Tir khéa: Mang loc nano; pH; Dién thé zeta; Dién thé dong chay tiép tuyén.
Abstract
Studying the influence of pH on nanofiltration membrance charge

The article describes the influence of pH on membrane charge during the
filtration. The membrane charge is not constant and changes according to pH of the
solution. The experiment was conducted with polyamide thin - film composite NF-
270. Zeta-potential which represents the membrane charge changed as a function of
pH values of feeding solution. The result showed that zeta potential was decreased
when the pH was increased from 3,81 to 10,52. Then, the zeta potential became
negative and increased in absolute value as a function of pH. Especially, at pH
5,01, a reversal of the sign of the membrane surface charge was observed, the zeta
potential value of the membrane at pH 5,01 was -0,41 mM, marking the changing of
membrane charge from positive to negative. The influence of pH on the membrane
charge is an important factor that affects the ability of removing charged solute of
nanofilatration membrane.

Keywords: Nano filtration, pH, zeta potential, tangential streaming potential.

1. PAT VAN PE hanh 6n dinh trong nhiéu diéu kién, d&

Viéc 4p dung cong nghé mang loc dang kiém soat va c6 thé ing dung trong

trong cac day chuyén xir Iy nudc trén
thé gii trong nhimg nam qua di cho
thidy tiém ning cta cong nghé nay.
Cong nghé mang loc ¢6 tinh hiéu qua
va linh hoat cao, d6 chon loc va tham
thau 16n, yéu cau nang luong thip, van

nhiéu quy moé khac nhau. Bén canh do,
mang loc ¢ thé ap dung dé xur 1y véi
ca pha léng va khi. Vi vay, ngay nay,
cong nghé mang loc dugc xem nhu 1a
mot cong ngh¢ co ban dap tmg duogc yéu
cau cta chién lugc phat trién bén ving.
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Trong cac loai mang loc pho bién
hién nay, mang loc nano dugc ap dung
dé xtr Iy nuéc cip cho an udng, xir ly
nudce thai va 4p dung trong cac nganh
cong nghiép khac (vi du: lam mém
nude, loai bdo mau va chat hitu co gay 6
nhiém,...). Mang loc nano 1a qua trinh
trung gian giita siéu loc va tham thiu
nguoc. Uu diém cua mang loc nano 1a
tro khoi thity luc ciia loai mang nay nho
hon nhiéu so véi mang tham thau nguoc,
do d6 mang c6 thé lam viéc hiéu qua &
ap suat tach tuong ddi thap, giam chi
phi van hanh cho qua trinh loc [1]. Mot
tinh ndng khac nira cia mang loc nano
1a hau hét cac mang loc déu mang dién
tich trong moi truong nude do vat licu
tao thanh mang loc hoac do su hép phu
cac hat tich dién. Do vay, co ché phan
tach ctia mang nano khong chi lién quan
dén hiéu ung “rdy” thong thudng ma
con lién quan dén “anh hudng cua dién
tich”. Chinh nh¢ 4nh hudéng cua dién
tich, mang loc nano co thé loai bo cac
chét tan dugc tich dién véi kich thudc
nho hon nhiéu so véi kich thuée cua 16
mang. Tinh chit nay duoc ap dung dé

loai bo cac ion, cac hop chat mau hitu co
trong nudc cip, nude thai,... Tuy nhién,
dién tich cua mang loc nano khong phai
1a mot gia tri ¢6 dinh ma thay doi trong
qua trinh hoat dong, phu thudc vao cac
yéu t6 anh huong nhu do pH ciia dung
dich, cuong d6 ion, su hép phu cac hat
tich dién. Bai bao trinh bay mot s6 két
qua nghién ciru vé anh huong cia pH
lIén dién tich mang loc nano trong qua
trinh hoat dong.

2. POI TUQNG VA PHUONG
PHAP NGHIEN CUU

2.1. Vat liéu nghién ciru

Cac thi nghiém duoc thyc hién
véi mang loc NF-270 cua cong ty
FILMTEC. day la loai mang polyamide
composit 16p méng, dudng kinh 16 trung
binh 0,84 nm. Loai mang nay dugc ung
dung nhiéu trong xir Iy nudc mit va nudce
ngam, loai bo tong carbon hitu co (TOC),
trihalomethane (THM), mubi va do ctng.
Mot $6 dac tinh cua mang loc NF-270
duoc thé hién trong Bang 1 va cau tric
hoa hoc duge thé hién trong Hinh 1.

Bidng 1. Dac tinh ciua mang loc NF-270 [5]

Loai mang Polyamide composite 16p méng
Puong kinh 16 trung binh 0,84 nm
Nhiét d van hanh toi da 45°C
Ap suét van hanh t6i da 41 bar
Maximum Pressure Drop 1,0 bar
MWCO 200 - 300 Da
Khoang pH, van hanh lién tuc 3-10
Khoang pH, van hanh khong lién tuc (30 phut) 1-12
Luu lwong dau vao toi da 15,9 m¥h
Kha nang dung nap Clo <0,1 ppm
Kha nang phén tach CaCl, (%) 40 - 60
Khé nang phan tach MgSO, (%) >97
Dién tich (pH trung tinh) bién tich am
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Hinh 1: Céu tritc héa hoc ciia polyamide thom & Iop trén cing ciia mang loc NF-270 [4]

Mang loc duogc luu trit trong tu lanh
& nhiét do 5°C. Trudce khi stir dung, mang
loc duge ngam voi nude ct trong 24 h
dé loai bo cac chat bao quan ciia mang.
Céac mang loc str dung dugc cit va dan
lén dia kinh va bé mat hoat dong tiép
xuc voi dung dich thi nghiém.

Dung dich thi nghiém

Thi nghiém do dién thé dong
chay duoc thuc hién lan luot voi
dung dich axit axetic (C,H,0,) 2 mM,
axit axetic (CHO,) 1 mM + natri
axetat (C,H,NaO,) 1 mM, natri axetat
(C,H,NaO,) 2 mM va Natri hydroxit
(NaOH) 2 mM. Céc hoéa chat nay dugc
san xuat bai Cong ty Merck- Pric.

Céc thiét bi khac

Gia tr1 pH cua dung dich dugc do
bang may HANNA HI4222, bao gom
dau do do pH va dau do do nhiét do
dung dich. Truéc khi do pH cua céc
mau, thiét bi da dugc hi¢u chinh.

2.2. Phwong phap nghién ctru

Str dung dién thé zeta dé xac dinh
anh huong cua pH. Trong nghién cuu
nay, dién thé zeta dugc xac dinh béng
cach do dién thé dong chay tiép tuyén
(tangential streaming potential). Céc
phép do dugc thuc hién voi1 dong chay
trén bé mat ngoai cia mang loc, nghia 1a
chi x4c dinh mat d6 dién tich trén bé mat
ciia mang loc.

Mdi quan hé giita dién thé dong
chay va di¢n thé zeta dugc xac dinh theo
cong thuc Helmholtz-Smoluchowski:

_ AE xm XX, I
AP xg,xeg,

Trong d6: AE 1a dién thé dong chay
(V), AP 1a 4p suat do luu lugng thity
dong gay ra (N/m?), # d6 nhét cua dung
dich (Pa.s), 2, d6 dan dién ctia h¢ thong
(S/m), ¢, d§ dign tham c‘hﬁn l,<h6ng
(8.854 x 10" F/m), va ¢ : hang so dién
moi cua dung dich do.

Mo hinh thi nghiém do dién thé
dong chay tiép tuyén duoc thiét 1ap theo
Hinh 2.

Trudc khi tién hanh thi nghiém, cho
dung dich di qua mang loc trong vong 3
phut dé loai bo toan bo bot khi trong hé
thdng do. Trong mdi phép do, dung dich
thi nghiém dugc hut tir binh chtra dung
dich vao bang cach cung cp mot ap suat
truyén dong. Ap suat tac dung dugc didu
chinh bang may bom chan khong trong
khoang tir 0,15 dén 0,3 bar va duoc diéu
khién véi do chinh xac 0,01 bar. Luu
luong qua mang loc dugce duy tri & mirc
0,35 -0,5 I/ phut.

Dit liéu do s& duogc giri dén may tinh.
Khi van dong, dung dich khong di qua
mang loc (ché do khong c6 dong chay),
khi van mo, dung dich di qua mang loc
(ché do dong chay). Khoang cach gitra
2 lan déng, mé van 1a 8 gidy. Su chénh
léch dién thé giita ché do dong chay va
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ché d6 khong co dong chay chinh 1a dién
thé dong chay. Tién hanh dong - md van
5 lan, lay gia tri trung binh. Hé thong
st dung mot multimeter dé dong dién
thé dong chay va gia tri nay duoc ghi
lai bé1 may tinh sir dung chuong trinh
LABVIEW. Toan bd thi nghiém duogc
thuc hién tai nhi¢t do phong (25+2)°C.

Pé danh gia anh huong cua do pH
lén di¢n tich ciia mang loc nano, tién
hanh thi nghiém do dién thé dong chay
tiép tuyén v6i cac dung dich axit axetic
(C,H,0,), natri axetat (C,H,NaO,) va
natri hydroxit (NaOH) tai cac gié tri pH
khac nhau. o pH va d6 dan dién cua
cac dung dich lya chon dugc do va téng
hop trong bang 2.

Apké ) 7
Van dong mé —
{ May tinh
' - —
Bom Dung dich ra Mang loc Dung dich vao

Hinh 2: Mé hinh thi nghiém do dién thé dong chay
Bing 2. Pj din di¢n va pH ciia cic dung dich tai nhiét dé 25 + 2°C

Dung dich Do din dién (S/m) pH
2mMCH,O, 0,01 3,81
1 mM C,H,0,+ 1 mM C,HNaO, 0,01 5,01
2 mM C H.NaO, 0,02 7,27
2 mM NaOH 0,04 10,52

Thi nghiém do dién thé dong chay
dugc thuc hién lan luot véi dung dich
axit axetic (C,H,0,) 2 mM, axit axetic
(C,H,0,) 1 mM + natri axetat (C,H,NaO,)
1 mM, natri axetat (C,H,NaO,) 2 mM va
Natri hydroxit (NaOH) 2 mM. Trudc moi
thi nghiém, mang loc dugc ngadm trong
dung dich s& duoc sir dung tiép theo trong
vong nira gio tai diéu kién khong ap va
thi nghiém véi mdi dung dich duoc lap
lai ba lan dé dam bao cac tac dong gitra
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chat dién phan va mang loc xay ra hoan
toan. Dién thé dong chay duogc do tai gia
tri 4p luc 0,2 bar. Tir gia tri dién thé dong
chay do duoc, ap dung cong thire (1) dé
tinh gia tri dién thé zeta.

3. KET QUA VA THAO LUAN

Sy thay ddi gia tri dién thé zeta theo
pH dugc thé hién trong biéu dd Hinh 2
trang sau.
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Hinh 2 thé hién sy thay doi gia tri
dién thé zeta ctia mang NF-270 tai cac
gid tri pH cta dung dich axit axetic
(C,H,0,) 2 mM, axit axetic (C,H,0,) 1
mM + natri axetat (C,H,NaO,) 1 mM,
natri axetat (C,H,NaO,) 2 mM va natri
hydroxit (NaOH) 2 mM. Dién thé zeta
giam khi tang pH tu 3,81 tuong ung
vOi dung dich axit axetic (C,H,0,) 2
mM té1 pH 10,52 tuong Grng v61 dung

Nghién cuu

dich natri hydroxit (NaOH) 2 mM.
Khi gia tri dién thé zeta nho hon 0, tri
tuyét d6i ctia no6 tang khi pH tang. Pic
biét, tai pH = 5,01, ta thiy sy thay ddi
dién tich cua mang loc. Pién thé zeta
cua mang tai gia tri pH = 5,01 12 -0,41
mM cho thay sy thay doi dién tich cua
mang loc tu tich dién duong sang tich

dién am.

30.00

20.00 |

10.00 |

0.00

-10.00 |

Zeta potential (mV)

-20.00 [

-30.00

pH

Hinh 2: Gid tri di¢n thé zeta ciia mang NF-270 tai cdc gid tri pH ciia dung dich axit
axetic (C,H,0,) 2 mM, axit axetic (C,H,0,) I mM + natri axetat (C,H,NaO,) I mM,
natri axetat (C,H,NaO,) 2 mM va natri hydroxit (NaOH) 2 mM

Két qua nay duoc giai thich bang
phan ung gitta nhém chuc carboxyl va
amin c6 trén bé mit cua mang loc. Hau
hét cac mang loc composite 16p mong
déu 1a mang dién tich am dé giam thiéu
su hap phu cac chat ban mang dién tich
am c6 trong ngudn nudc va ting kha
nang giir lai cac mudi hoa tan. Dién tich
am ctia bé mat mang loc 1a két qua cua
qué trinh khir proton hoa ctia cac nhém
chuc sulfonic va/ hodc carboxylic tai
pH trung tinh. Dién tich bé mit mang
loc duge xac dinh bang gia tri dién thé
zeta. Cac nghién clru trudc day cling da
khang dinh rang pH c6 anh huéng toi
dién tich cua mang loc do sy phan ly cta

cac nhom chire. Gia tri dién thé zeta cua
hau hét cac mang loc déu mang gia tri
am khi tang pH va cac nhom chtrc bi khir
proton hoa [3]. Mang loc nano thuong
bao gdbm cac nhom chirc ky nude (alkyl
hodc cac vong thom) thay thé cho cac
nhom chire va nude (-CONH,, -COOH,
-NH,, -SO,", -R,N"...) vé1 dac tinh khac
nhau hoan toan; mtrc dg phan ly cta céc
nhém chire wa nude phu thudc nhiéu vao
gia tri pH. Gia thiét phan polyme hoat
tinh (tham gia vao viéc xac dinh dién
tich) gom hai nhom khac nhau: nhoém
ua nudc R H véi co ché phu thude vao
pH lién quan d&én qua trinh proton hoa
va khtr proton hoa ctia cac nhom chirc;
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nhém ky nuée RH véi co ché phu thude
vao pH lién quan dén qua trinh hap phu
canh tranh [2].

Tai pH thap, gia thiét ring nong
d6 proton trong dung dich cao, dan dén
qua trinh proton hoéa cac nhom chuc
R H, lam cho mang loc mang dién tich
duong. Tai pH cao, do néng do proton
trong dung dich thap, dan t6i qué trinh
khtr proton hoa cdc nhom chirc wa nude
nay, giai phong R~ lam cho mang loc
mang dién tich am. Céac phan tng can
bang axit/ bazo duoc thé hién trong hai
phuong trinh sau:

R H+ H"=R H, = proton hoa
R H=R+ H"— khtr proton hoa

4. KET LUAN

Pién tich duong ciia bé mit mang
loc chinh 1a két qua ctia qua trinh proton
hoa cia cac nhom chirc amin (-NH2—-
NH3+), va dién tich am cua bé mat
mang loc 1a két qua ctia qué trinh khur
proton héa ctuia cac nhom churc carboxyl
(-COOH —-COO0-).

Thi nghiém da cho thiy anh hudng
ctua pH tdi dién tich cia mang loc trong
qua trinh hoat dong, dién tich cua mang
loc ¢6 sy thay d6i khi pH thay doi. Nhin
chung, khi tang gid tri pH, dién tich
mang loc chuyén dan sang gid trj am,
bat ké cudng d6 ion hay c6 mit cac tap
chat trong dung dich hay khong. Nghién
ctru anh hudng cua gia tri pH dén dién
tich mang loc, gip xac dinh dugc pH
thich hop, nham 1am ting kha ning loai
b6 chit tan hitu co trong qua trinh 1am
viéc ciia mang loc nano.
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