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XU LY NUOC THAI DET NHUQOM BANG
KY THUAT LQC NANO

Nguyén Xudn Hodngj va Lé Hoang Viet
ABSTRACT

Nanofiltration (NF) has become a widely accepted process not only for producing
drinking water but also for recovering wastewater in industrial processes or removing
pollutants from industrial wastewater effluent. In the textile industry, the treatment of
various dye baths with NF at room temperature have already been studied and was found
feasible at lab-scale and also pilot scale. The aim of this study was to investigate the
capacity of textile wastewater effluent treatment of two nanofiltration DS5DL, DS5DK in
a temperature range from 20°C to 70°C for both synthesis dye and real dye bath. The
performance of the NF membranes was evaluated by measuring the water flux, salt and
colour rejection. A membrane damage was observed for the membranes DS5DL at high
temperature (>50°C) and this was elimintaed from the next experiment series. The
permeate quality of NF membrane DS5DK was satisfactory enough to recycle these
effluents in reactive dyeing at elevated temperature (above 50°C) for water and energy
savings. Moreover, the fouling effect at higher temperature (>50°C) on NF membrane
increased the Na>SOy4 and colour rejection slightly and the platicizing or swelling effect
on water flux and retention of salt and color were also observed. There was a correlation
between the results of experiments with synthetic solution and with real wastewater.

Keywords: Dye bath, industrial wastewater, nanofiltration, membrane
Title: Treatment of dye-baths from textile industry by nano-filtration

TOM TAT

K thudt loc nano (NF) da dwge chap nhdn rong rdi khéng chi trong san xudt mede udng
ma con sir dung dé xir Iy meGe thai cong nghiép hodc trong cdc imng dung tdi sit dung
nwoc thai cho cac qua trinh cong nghiép. Cdc nghién cuu wng dung NF trong xur ly nudc
thdi cong nghiép dét nhuém & nhiét dg phong da tién hanh va da chimg 16 dwoc hiéu qua
cua no ca ¢ qui mé phong thi nghiém hay trén moé hinh. Muc tiéu cua nghién ciru nay tap
trung vao kha nang xiw ly nuwdc thai cong nghiép dét nhuom cua hai logi mang loc Desal 5
DL, Desal 5 DK ¢ nhiét do tir 20 — 70°C véi ca hai logi nudc dét nhuom & phong thi
nghiém va nuée thai thuc té. Hiéu sudt xit 1y ciia mang loc dirge danh gid qua cwong do
loc, kha nang logi bo mudi va mau. Cé S t6n thwong mang loc xudt hién o NF DS5DL o
nhiét dé cao (>50°C), vi thé mang loc nay bi loai bé trong loat thi nghiém ké tiép. Chat
liwong nuée loc dam bdo cho tdi sie dung & nhiét dé twong doi cao (>50°C) dé tiét kiém
nudc va nang lheong. Ngoai ra, anh huong cua can bam lam tang mot it hiéu qua loai bo
muéi va mau & nhiét do cao (trén 50°0), dong thoi s gian né bé mdt mang loc ciing anh
hieong dén cuong do va hiéu sudt loc mudi va mau. Thi nghiém ciing cho thay gitta két
qua xit Iy cho niwde dét & phong thi nghiém va mde thai thuc té c¢6 moi twong quan
voi nhau.

Tir khoa: Nwoc dét nhupm, nwdoc thdi cong nghiép, loc nano, mang loc

1 TONG QUAN
NF da va dang dugc ting dung rdng réi trong cac linh vyc 1am sach nudge ubng va
ca trong cong nghiép xur Iy nuwdc thai nhu lam mém nudc, loai bo chat 6 nhiém hitu
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co, cac ion don hoa tri va da hoa tri,... NF ngay cang c6 kha nang ing dung cho
nhiéu linh vuc céng nghiép, dic biét 1a cong nghiép dét nhudm dé xur Iy va tai sir
dung nudc thai. Ky thudt loc mang cho nudc thai dét nhudém da bat dau tur thap
nién 1970, véi cac loai mang siéu loc (ultrafiltration), mang vi loc (microfiltration)
va thim thdu nguoc. Tuy vay, cac nghién ctru loc nano trong nganh nay chi méi
bat dau thyc hién tr nhitng nam 1990, dé loai bé mot sb ion va cac hop chét hiru
co trong nudc nhudm. Vi cac dic trung sir dung nhiéu nudce cing lugng 16n hoa
chit nhu bot giat, chét téy, can, dau, sap (hé) va chét téy tréng; vi thé, nudc thai tix
cong nghi€p dét nhudm ludn chura hoa chét hitu co, vo co, COD néng do cao va
dam mau d@)ng thoi cac cong doan nhudm, rira so cép va thr cép san sinh ra nhiéu
nudée thai nhat. Do d6, néu c6 cong nghé xir Iy nudce dam bao chét luong dé tai sir
dung chiing trong qui trinh san xuét s& mang lai loi ich tiét kiém dang ké (Koyuncu
et al., 2003; 2004).

Hon nita, nugc nhudm va nude chudi vai thuong coé nhiét do cao khoang 90°C
(Allegre et al., 2006) hoic cao hon; dong thdi chira nhiéu loai hoa chat nén khong
thé xir 1y truc tiép bang cac bién phap sinh hoc. Cac tmg dung NF dé xir Iy nudc
thai loai nay & nhiét d6 phong da dugc chirng minh véi tinh kha thi cao trong
phong thi nghiém ciing nhu thyc tién (Van der Bruggen et al., 2001a). Nhiéu
nghién ctru da cong bd két qua ing dung NF dé loai bo mudi, tang chit luong nudc
loc va tdm quan trong cua su dong can voi thoi gian loc ngan (Koyuncu ef al.,
2002; Van der Bruggen et al., 2001b), anh hudng cua pH, mudi va nhiét do 1én
hiéu suét loc, va danh gia chi phi ¢ nhiét d6 cao (Toshinori et al., 2000; Nilsson et
al., 2008), cac han ché cua NF va bién phap dé phong (Van der Bruggen et al.,
2008) Tuy vay, két qua nghién ctru NF cho nuéc dét nhuém & nhiét do cao van
con rat han ché.

Céc nha san xuit mang loc thudng dua ra thong sb chiu nhiét I6n nht ma mang
loc c6 thé ap dung duoc; tuy nhién, chua chic d6 1a cudng do chiu nhiét ciia mang
loc d6 (Manttiri et al., 2002). Do d6, can thiét phai c6 thém cac nghién ctru vé NF
dé loai bo mudi, mau, cac hop chét hitu co va vo co & nhiét dd cao (trén 50°C), tir
6 str dung lai nu6c cho qua trinh san xuét va tiét kiém nang lugng dun néng.

Thi nghiém nay nham nghién ctru xem mang loc nano cé thé hoat dong 0 nhiét do
cao (trén 50°C), anh huéng cua nhiét do 1€n hi¢u suét loai boé mudi, mau va sy cb
tac nghén loc nhu thé nao? Muc tiéu cudi cing 14 két hop tiét kiém nudc va ning
luong thu dugc qua nudc xur Iy dung dich nhugm dat tiéu chuan chit luong & nhiét
d6 twong di cao dé tuan hoan lai trong qu4 trinh san xuét.

2 PHAM VI VA PHUONG PHAP NGHIEN CUU
2.1 Pham vi nghién ciru

Nghién ctru dugc thuc hién trong phong thi nghiém véi hai loai mang loc nano
DS5DL, DS5DK. Nudc thai 1a loai dung dich nhugm pha ché & phong thi nghiém
va ca nudce thai thuc té. Thi nghiém dugc thye hién ¢ nhiét 46 20 — 70°C trong ca
thiét bj xi lanh (cylinder) va thiét bi loc dong chéo (crossflow). Ap luc loc dugc cb
dinh & ap suat 10 bar.
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2.2 Dic tinh cia vat li€u thi nghiém

Mang loc: Cac mang loc dung trong thi nghi€ém Ia hai loai mang loc nano
polymeric mong c6 trén thi truong c6 kha nang hoat dong & nhiét do cao (bang 1).
Béng 1: Pic tinh cia hai loai mang lgc nano dung trong thi nghiém

Mang loc Desal 5 DK Desal 5 DL
Nha san xuat GE Osmonics GE Osmonics
Vit liéu polyamide polyamide
Trong lugng phan tir gidi han MWCO (Da) 150-300 150-300
Cuong do loc (Lm™h™" bar™) 5.4 9.0
Nhiét d6 t6i da (°C) 90 90

L rong (nm) 0.47 --

Ap suit tbi da (bar) 15 40

pH 2-11.5 2-11.5

Nudre thai: Cac thanh phan cdu thanh dung dich nhuém dugc pha tron 1an luot vao
dung dich nuéc nhuém nhdm danh gia anh hudng cia ting thanh phan nay mot
cach doc lap. Cu thé 1a chuén bi dung dich nuéc nhudm dya theo cong thirc cdu tao
thuc té; sau do, cac chét phu gia va mudi duoc cho thém vao dung dich dé tao ra
cac nghiém thic khac nhau. Hoa chét st dung dé tao ra dung dich nhudém axit 1a
victoria blue (VB: C;3H3,CIN; — triarylmethane) va sodium sulphate (dang két tinh
mau tring - Na,SO,) (xem Hinh 1) dugc pha ché doc 1ap hodc két hop. Budc tiép
theo, nudc nhudm thuc té duge st dung dé kiém tra két qua cua thi nghiém véi
dung dich nhudém pha ché & giai doan 1.
P
O Na* ? Na*
0=S=0
~ |
- [ \N.J o
L Q e Sodium sulfate
Victoria blue C3'3H32C1N3 (triarylmethan) . .
Hinh 1: Cau tric héa hoc ctia cac chat dung pha ché dung dich nhuém

Nham kiém tra kha nang hoat dong cua mang loc & nhiét dd cao, loat thi nghiém
dau tién duoc thuc hién 1an lugt cho tung mang loc véi nudc cit va dung dich
mudi v6 co (10 g/L Na,SO,4) va mau (50 mg/L VB) - hitu co - trong ca thiét bi xi
lanh va thiét bi loc dong chéo. Cac thi nghiém dugc tién hanh cho ting nghiém
thire theo cung mot qui trinh. Ké tiép, 1a loat thi nghiém v&i dung dich hitu co
nong do cao 3 g/L va dung dich hdn hop phdi tron tir hai cip ndng do VB trén vai
mudi nong d6 10 g/L va ca nude thai thuc té (tir cong ty dét DESSO) ¢ nghiém
thirc sau cung. Thong s chi tiét duoc ghi trong bang 2.

Bing 2: Cac nghiém thirc va ndng dd cac chit trong mdi thi nghiém

Nghiém thirc  Nong dé cac chit thanh phin Loc xi lanh Loc dong chéo
F1(NC) Nudc cat X X
F2(M) Dung dich mudi, 10 g/L NaCl X X
F3a(VB) Dung dich nhuém, 50 mg/L VB X X
F3b(VB) Dung dich nhuém, 3.0 g/L VB X
F4a(M+VB) 10 g/L NaCl va 50 mg/L VB X
F4b(M+VB) 10 g/L NaCL va 3.0 g/L VB X
F5(NT) Nude thai thuc té* X

% mdu nude thai tir nha may dét DESSO (Bi)
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2.3 Phwong phap thi nghiém
2.3.1 Quy trinh thi nghiém

O giai doan dau, mang loc dwoc kiém tra qua thiét bi loc xi lanh (LXL) c6 khudy
tir (Sterlitech™ HP4750 stirred cell) 1an lugt v6i nude cat, dung dich mudi va
dung dich nhudm. Mang loc (dién tich 12.56 sz) duoc chén vao day xi lanh va
duoc gitr chit bai dia thép dém c6 16 rong va khuon day. Dung dich can loc duoc
d6 vao than cua xi lanh (cao 22.4 cm, thé tich 300 ml) c6 lap dit canh khudy tir
khudy lién tuc nham tranh cdn bam trén bé mat mang loc. Ap suit loc ¢6 dinh & 10
bar, nhiét do co thé diéu chinh ting mdi 10°C tir 20 — 70°C. Thé tich nuéc loc dau
ra duoc do bang 6ng do thuy tinh.

Céc thi nghiém tuong ty dugc thuc hién véi thiét bi loc dong chéo (LDC)
Amafilter Test Rig PSS1TZ & cung diéu kién ap suit, nhiét do (Hinh 2). Trong thi
nghiém nay, ca hai dong thim qua (permeate) va dong gir lai (retentate) dugc tuan
hoan dén mot thung chura 10 lit nham giit cho nong do cac chat 6n dinh va han ché
thé tich nudc nap can thiét (Schaep, 1999; Van der Bruggen et al., 2001a). Dung
dich nap (5) dugc bom vao mang loc béng mot bom ba cap (6). Qué trinh loc xay
ra trong bo phan bang thép khong ri chiu ap goi 1a budng loc (TZA 944) dang dong
chéo (2). Mang loc duoc chuin bi sin (duong kinh 0.09 m, dién tich 0.004 m?)
duogc dit vao trong dia va khuon cta budng loc (2). Ranh chit nhat dudi day khudn
¢ duong kinh thuy lyc la 4.2 mm va chiéu dai 293 cm. Nhiét d kiém soat bang
bd dleu khién ty dong (OMRON ES5AJ). Dong tham qua (3) dugc thu gom va do
bang 6ng thay tinh c6 chia vach; chung c6 thé duoc tuan hoan vé thung chira hodc
thai bo tly theo thiét ké.

1: van nap

2: budng loc

3: dong tham qua
4: dong gitr lai

5: thung chtra

6: bom

i

Hinh 2: So' dé dong qua trinh loc nano bing thiét bi loc dong chéo

2.3.2 Ky thudt phan tich

Mau cua mAu nude duge phan tich bang thiét bi quang pho Shimadzu UV-210A.
Hiéu suat cia mang loc nano dugc danh gia qua viéc do sy tac nghén mang loc véi
cuong do dong thim qua, kha nang loai bo mudi va mau.

3 KET QUA VA THAO LUAN
3.1 Su phu thugc ciia cwong d¢ loc vao nhiét d¢ va thoi gian

Kha nang thich ving cia mang loc ¢ nhiét do cao
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a. Cudng dd loc véi dd mau v mudi, LXL b. Hi¢u suéit loai b6 mudi va mau, LXL
200 . .
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Hinh 3: Cwong dé loc (a) va hiéu suit loc (b) trong LXL

Qua két qua thi nghiém kiém tra ban dau vé kha nang thich ng cta mang loc &
nhiét do cao voi cac nghiém thiac F1, F2 va F3a (chi thuc hién trong LXL), su khac
nhau giita cuong d6 loc va hiéu suat loc duge trinh bay trong hinh 3 ddi véi LXL
va trong hinh 4 d6i v6i LDC.

a. Cudng d9 loc véi dung dich mudi, LDC  Cv=10gL b. Higu suét loai b6 mudi, LDC Cy=10 gL
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Hinh 4: Cwong dd loc (a) va hiéu suit loc (b) trong LDC

béi véi cuong do loc, cac gia tri cuong do loc vdi dung dich mudi va mau trong
thi nghiém LXL (Hinh 3a) ting khi nhiét d ting; diéu nay ciing nhan thay rd ¢ thi
nghiém LDC (Hinh 4a) d6i v6i dung dich mubi. Céc gia tri cuong do loc déu c6 xu
huéng ting dan khi nhiét d6 ting; Tuy nhién, cac gia tri cuong do loc cua dung
dich mudi & LDC 16n hon & LXL, ¢6 thé 1a do cong suat & LDC 16n hon. Quan sat
cuong do loc ¢ nhiét d6 cao trong thi nghiém LXL, ta théy ¢ su xuét hién cac gia
trj khong 6n dinh & nhiét d6 cao (60 va 70°C) ddi v6i nghiém thirc F3a & mang loc
DS5DL — dudng nét dut (Hinh 3a). Cac gia tri cuong do loc tang dén ¢ dai nhiét
do tir 20 dén 50°C trong ca hai nghiém thirc véi dung dich mudi (F2) va mau
(F3a), dén nhiét do cao 60 — 70°C, thi c6 sy tang dot bién céac gia tri cuong do loc
d6i voi nghiém thirc v6i dung dich mudi F2. Céac gia tri ting bat thudng nay cho
thiy kha nang cho nudc qua mang loc nhiéu hon so voi xu huéng ting cta ching,
rat c6 thé co xut hién su tén throng mang loc khi 1am viéc ¢ nhiét do cao.

Xet dén anh huong cta nhiét d6 1én hiéu suat loc, ta thdy xu hudng glam cua hi¢u
xudt loc khi nhiét do tang d6i voi ca hai mang loc. Tuy nhién, mot sé gia tri tang,
giam bat thuong cling xuét hién & nhiét dd cao 60 — 70°C. Trén hinh 3b, hiéu suét
loc mudi cia DS5DL dang xu huéng giam nhanh tir 55-22% khi nhiét do ting tir
20 - 40°C, chiing bat ngd doi hudng ting & 50°C (23%) va & 60°C (29%) va lai
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giam thip ¢ 70°C (17%). O LDC (hinh 4b), hiéu suat loc mudi giam rat it tir 61-
57% khi nhiét do tang tir 20 - 40°C, ching giam & 50°C (42%) nhung lai ting do
ngodt & 60°C (74%) va giam thap & 70°C (41%). Nguoc lai véi LXL (Hinh 3b),
hiéu sudt loc mau giam rat it tr 99 — 96,5% tir 20-50 °C; nhung ching dét ngot
giam dén 76% (¢ 60°C) va tang 1én 85% (& 70°C).

Su tang cudng do loc ddi voi dung dich mau cing véi hiéu suat loc mau giam &
nhiét d6 cao 60 — 70°C chi c6 thé giai thich bang sy ton thuong mang loc, do d6 né
cho phep cuong do loc qua nhiéu hon va lam giam hiéu suat loc. Nhung dbi véi
chc gia tri bat thu(mg trong thi nghiém véi dung dich mubi thi rat khé giai thich.
Nhin chung, cac gia tri cuong do loc va hi¢u suét loc ciia DS5DL déu khong on
dinh ¢ nhiét d6 cao hon 50°C, tir d6 c6 thé khang dinh ring mang loc nay khong
thich hop cho hoat dong ¢ nhiét d6 cao so voi myc ti€u da dua; do do, mang
DS5DL bi loai bo trong céc thi nghiém tiép theo. Qua do, ta co thé khang dinh
rang cac thong tin duge cung cAp boi nha san xuat chua chic chan hoan toan ding
va can duoc kiém chimg trude khi st dung.

Sw phu thudc vao thoi gian
Biang 3: Phin trim sut gizm dong thim ciia DS5DK trong thiét bi loc dong chéo

Mang  Nghiém thite  T. gian Sw sut giam dong thAm (%) theo nhiét d9 (°C)
loc (hit) 20 30 40 50 60 70
F2= Mubi 10 g/L  15/30 0.00 0.00 0.00 1.99 1.68 5.48

30/50 0.25 0.00 0.00 5.07 2.26 3.24
F3a=50mg/L VB 15/30 0.54 6.02 0.93 0.00  0.00 0.00
30/50 0.84 2091 0.77 0.00 0.00 0.00
F3b=3.0g/L VB 15/30 1.83 2.01 4.55 4.71 2.74 3.79
30/50 0.57 0.00 6.26 5.81 5.81 2.36
F4a=F2 + F3a 15/30 2.87 3.73 498 4.62 4.52 3.45
30/50 7.22 5.98 7.83 4.79 5.48 1.78
F4b=F2 + F3b 15/30 4.75 3.18 2.85 0.79 4.68 4.51
30/50 5.51 5.18 2.28 0.26 5.38 3.56

15/30: S sut giam dong tham & phiit 30 so véi phiit 15

DS5 DK

30/50: S sut giam dong tham & phiit 50 so véi phiit 30

Ciing voi thi nghiém trén, thoi gian dé cuong do loc dat trang thai on dinh duoc
theo ddi va xéac dinh sau 10 phut van hanh hé thong. S6 lidu tinh toan trong bang 3
cho thdy mirc d6 su sut giam dong thdm trong thiét bi loc dong chéo tuong tmg véi
két qua quan sat trong loc xi lanh. bdi véi mang loc DS5DK, cuong d6 loc 6n dinh
trong khoang nhiét do tir 20 dén 40°C. O nhiét d6 cao hon 50°C, sy sut giam dong
thdm xay ra, nhung anh huéng khong 16n, chi chiém khoang vai phan tram.

Tir bang s liéu nay cho thiy su sut giam cudong do dong thim theo thoi gian
khong déng ké trong tit ca cac nghiém thirc (<10%). O nghiém thic F3a
(VB=50 mg/L) va F2(mubi=10mg/L), su sut giam dong thim thap hon so vdi cac
nghiém thirc con lai. Sy sut giam cling thé hién & nghiém thirc v6i dung dich hon
hop F4a va F4b. Nhung nhin chung két qua c6 sy phan bd khong rd rang va khong
6n dinh nén kho cé thé két luan vé xu hudng va mirc d6 phu thudce cta cuong do
loc vao thoi gian. Qua dai s6 lidu ghi nhan, ta théy cuong do loc ¢ phut 30 va 50
6n dinh hon so véi s liéu ghi nhan ¢ phat 15; do d6, thoi diém 1iy mau, do dac va
phan tich cling dugc thuc hién ¢ hai thoi diém nay.
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Sw phu thuéc vao nhiét d6 va do nhot

Cuong do loc cua mang nano duogc do dac & nhiéu cép nhiét 36 khac nhau nén sy
anh hudng cua d9 nhot dung dich ciing can duoc xét dén trong tinh toan. Sy anh
huong cua nhiét d6 1én d6 nhdt dugce tinh theo cong thirc cia Weast (1982), nhiét
do6 tir 20 — 100°C:

7 1.3272(20 = T) - 0.001053 (T - 20)°

Lo,
s 7 T +105

trong do: n: d0 nhét 6 20°C; 1: 1a d6 nhét ¢ nhiét do T
T: nhiét do (°C)
Do nhét dugce tinh toan nhu trong bang 4 cho thi nghiém véi nudc cat (F1).
Biang 4: Cuong dd loc (L/m*h) & cac cip nhiét dd thi nghiém va dé nhét

Nhiét @b (°C) 20 30 40 50 60 70
n 1.002 0.7975 0.6529 0.5468 0.4665 0.4042
I/m 0.998 1.254 1.532 1.829 2.144 2.474
Cuong d6 loc F_psspk 54.09 91.53 131.42 154.57 188.49  231.27
T]F DS 5 DK 54.2 73.0 85.8 84.5 87.9 93.5
a. Quan hé cudng df loc va nghich dio d§ nhét (1/m) b. Su phin b cudng dd loc theo nhiét g , DS 5 DK
300 180 77 —— F1(Dist. water)
= —A— F2 (salt)
“g 250 - —~ 150 { | ——F3a(VB =50mglL)
2 T
Z,. 200 S, 120 7 —0—F4b(VB:3,(J;L & sal)
:—g- 150 1 & 90+
,§ 100 4 Ea 60
o )
50 + 5 30 -
0 T T T T 0 T T T T 1
0.0 0.5 1.0 15 20 gy 25 B i 40 50 Shice do (Jg)

Hinh 5: Cwong dd loc hidu chinh ddi v6i mang loc DS5DK

a. Anh huong cua do nhot lén cuong do loc b. Su phén bé cuong do loc theo nhiét dé

Néu tich s6 ctia cuong do loc (y) va nghich ddo do nhét (1/m) bang hang sd (a) thi
c6 thé khing dinh rang chi c6 anh huéng cta d6 nhét 1én cudong do loc khi nhiét do
tang, noi khac di la ching c6 quan hé y = ax (voi x 1a nghich dao do nhot, y la
cuong do loc) va duong thang nay di qua gdc toa do. O truong hop ndy, tich s6 cua
cudng do loc va nghich dao d6 nhét khong phai 13 hing s (Hinh 5a); khi do nhét
giam (hay nhiét d¢ tang) thi cudng do loc ting hon mong doi va dudong quan hé
khong di qua gbc toa do. C6 nghia 1a c6 tac nhan anh hudng ngoai anh huéng cua
riéng d6 nhét. Tac nhan nay cod thé 1a sy bién dang ctia mang loc: nhiét d¢ tang sé
lam tang ban kinh trung binh cta 18 réng va lam thay doi cau trac va hinh thai cta
16p mang polymer (Sharma et al., 2003) hay con goi 1a su bién dang déo ciia mang
loc, bé mit mang nano tré nén cang phong (Duthie et al., 2007) va c6 kha nang
cho phép luu lwong chét 1ong thdm qua nhiéu hon va vi thé lam tang cuong do loc.

3.2 Su phu thudc vao ndng d9 chit hoa tan va sy tic nghén loc

Trong cac nghiém thic cé sy khac nhau cua néng dd cac chét hoa tan F2, F3a,
F3b, F4a va F4b, ta thay cudong d) loc gidm rat 18 khi c6 sy hi¢n di¢n ciia muoi va
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ctia VB. Su giam cuong do loc ddi voi dung dich mudi (F2) c6 thé giai thich bang
su gia tang ap suat tham thau hodc sy chudng ngai do cac phan t hitu co bam trén
16 rong bé mat mang loc.

Tir két qua hinh 5b, ta thdy ndng do ciia VB gan nhu anh huong khong dang ké 1én
cudng do loc trong nghiém thirc véi dung dich hon hop (F5a va F5b). Bén canh do,
d6 dbc tuong ddi ciia cac duong cong (ghi chu trén mdi dudng cong) biéu dién sy
phu thudc ctia nhiét do va néng dd cac chit hoa tan 1én cuong do loc. béi voi
nghiém thire F1(nudc cét) biéu dién su phu thudc cua cuong dd loc vao nhiét do,
d6 doc tuong doi 1a 1.6; hau hét cac nghiém thirc con lai cho do dbc thap hon
(ngoai trir F2). Ta thy rang khi dung dich chi chira mudi, 6 dbc twong d6i cia
dudng cong F2 tang (1.7), chung to sy hién dién ciia mudi c6 thé lam giam sy anh
huong ctua nhiét do 1én cudong do loc. Khi c6 sy hién dién cua chét hiru co F3a va
F3b (d6 dbc 0.7 va 1.3) hodc ca hai F4a va F4b (46 doc 1.3 va 1.4) déu cho d6 dbc
thip hon. Didu nay noi 1én rang, nhiét d c6 anh hudng it hon khi dung dich loc ¢
nong do cac chat hitu co/vo co hoa tan cao hon. Do d6 ta co thé khiang dinh chac
chin ré“lng ¢6 su anh hudng cua dung dich hitu co/vo co 1én cuong d6 loc. biéu nay
cling dd duoc khing dinh boi Schéfer ef al. (1998) va Van der Bruggen, 2002.

S tdc nghén mang loc

Day 1a mot yéu tb rat quan trong c6 anh hudng 16n dén hiéu suat ciia mang loc.
Théo luan & trén cho nghiém thirc F2 (mubi) cho thay dich mubi chic chan khong
anh hudng dén sy tic nghén mang lgc. Vi thé, su tac nghén dan mang loc chi xét
khi ¢6 su hién dién cua chat hitu co véi céc nghié€m thirc chi c6 VB F3a, F3b, F4a
va F4b.

Ta théy ré'mg, khi chi ¢6 sy hién dién cia VB, F3a va F3b, do doc tuong ung la 1.2
va 0.7 (Hinh 5b). Do ddc thap khang dinh c6 sy anh hudng cua ndng do chit hiru
co lén cudng do loc; néng dd cua VB cang cao, sy anh hudng cang 16n. Diéu nay
c6 thé giai thich bé'lng su hip phu ciia VB 1én bé mit ciia mang loc 1am can tro sy
van chuyen ctia chit long do d6 lam giam dong thim qua mang nano. O nghiém
thire voi hdn hop chat hitu co va vo co, F4a va F4b, duong cong biéu dién cuong
do loc gan trung nhau. Tt d6 cho thay su hién dién ctia muodi 1am giam anh huong
cua sy hép phu chét hitu co 1én bé mat mang loc va lam tang cuong do loc. Nhin
chung, cac gia tri cuong do loc giam dan khi ting ndng do chat hiru co va xudt
hién sy sut gidm hay suy giam cuong do loc nhung chua xay ra su tac nghén loc.

3.3 Hiéu suat loc mu6i va mau (thuoc nhuém)

Hiéu suat loai bo mubi va mau 1a mot yéu té quan trong cua viéc xir Iy dung dich
nhudm. Biéu d6 hiéu suét loc mudi (Na,SO,) va mau (VB) cho mang loc DSSDK
dugc biéu thi trong hinh 6 véi cac nghiém thirc chira mudi, mau hodc ca hai.
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a. Hi¢u sut loc mudi ciia mang nano, LDC b. Hi¢u suéit lpc mau ciia mang nano, LDC
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Hinh 6: Hiéu suét loc mudi va mau ciia mang loc DS5DK
Hiéu suat loc muoi

Trén hinh 6a, dudng cong hiéu suit loc mudi trong nghiém thiac F2 (10 g/L
Na,S0,4) giam khi nhiét do ting, diéu d6 mot 1an nira khéng dinh ghi nhén cua
Nilsson et al. (2006) ré'mg hiéu suét loc mudi phy thudc vao nhiét 6. N6 co thé
dugc giai thich boi sy mém hoa (glan nd) mang loc & nhiét do cao lam tdng dong
thim dan dén hiéu suét loc mudi giam.

Khi ¢6 sy hién dién cia mudi trong dung dich nhudém, F4a va F4b, dudng cong
biéu dién hiéu suat loc rat khac nhau. O nhiét do nho hon 45°C, khi nong do VB
thap (50 mg/L) thi hiéu sudt loc mudi thap, khi ndng d6 VB cao (3 g/L) thi hiéu
sudt loc mudi cao hon; con & nhiét d6 cao hon 45°C thi hoan toan nguoc lai. Qua
do ta thay, khi co sy hién dién cua thudc nhuém (VB) thi hiéu suat loc mubi giam.
Hiéu suat loc mudi tang khi nhiét do tang (< 45°C), d6 la do cac phan tir hitu co
bam vao bé mit ciia mang loc 1am giam kich thu6c cua 16 rdng. Sy anh hudng gidn
nd mang loc ciing xay ra dong thoi, nhung & nhiét d6 nay, thi sy hat bam cua chat
hiru co manh hon nén kich thudc cia 18 réng suy giam 16n hon va vi thé lam ting
hiéu suét loc mudi. O nhiét do cao (>50°C), su gian n¢o do bién dang hinh thai l6n
hon nén lam cho kha nang thdm cao hon; do do lam giam hi¢u suét loai bo mudi.
biéu nay dé dang nhén biét & nghiém thic c6 ndong d6 VB cao (3 g/L). Nhu vay co
thé két luan rang khi c6 su hién dién ctia thudc nhudm thi hiéu suat loc mudi giam,
didu d6 trai nguoc voi két luan cong bd boi nghién ciru cua Jiraratananon et al.
(2000) rr:?mg hiéu suit loc mudi tang khi c6 sy hién dién cua thude nhudm.

Hiéu suat loc mau

Theo biéu dd hinh 6b ta thiy, hiéu suat loc mau cao nhat (>98%) ¢ nhiét do 20 -
30°C, sau d6 giam dén khi nhiét do tang. Khi chi cé thu6c nhudm trong dung dich,
ca hai nghiém thtc F3a va F3b, hiéu suét loai bo mau khong khac nhau nhiéu va
16n hon 97%. V&i dung dich c6 nong d6 VB cao (3g/L), hiéu suat loai bé mau 16n
hon. Diéu nay co thé giai thich bang sy hiit bam chat hiru co 1én bé mit ctia mang
loc 1am cho 16 rdng ctia mang hep va kha ning thim giam va vi thé hiéu sut loai
bo mau tang. O nghiém thirc F4a va F4b, khi c6 su hién dién cua mudi trong dung
dich, su cong hu’(”mg ctia 4p suat tham thdu va do phan cuc cua dung dich lam cho
cudng do loc suy giam (Jiraratananon et al., 2000) va vi thé 1am ting hiéu suét loc
mau & nhiét d6 thap 20 — 40°C. O nhiét d6 cao hon, su giin nd cua céu tric mang
loc nhu di thao luan cung vé6i sy cong huong anh hudng ciia mudi trong dung dich
s& lam tang cuong do loc dang ké va vi thé lam giam hiéu sudt loc mau.
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3.4 Thi nghiém véi nwéc thai thue té

Doi véi nude thai thuc t€, cuong do loc va hi¢u sudt loc mau va mudi duogc ghi
nhén, tinh toan va trinh bay trong bi€u d6 hinh 7.

a. Cuomg d9 loc hi¢u chinh véi nuée thai  p=o par b. Hiéu suét lgc mudi va mau, LDC P=10 bar
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Hinh 7: Cwong dd va hiéu suit loc ciia mang DS5DK véi nuwde thai thwe té

O hinh 7a ta thfiy cuong d6 loc cua mang DS5DK véi nudce thai thuc té thép hon
ctia nude cat; gia tri 1an luot 1a 32 L/m*h (20°C) va 90 L/m’h (70°C) déi véi nuée
thai thyc t& va 55 L/m*h (20 °C) va 135 L/m*h (70°C) dbi véi nuée cat. Gia tri nay
tuong tmg véi dot sut giam dong thim 42% & 20°C va 34% & 70°C. Thém vao do,
d6 doc twong 601 cua cuong do loc d6i voi nude thai 1a 1.34, thap hon gia tri nay
d6i voi nudce cat 1a 1.6 cho thay rang ¢ anh huong cua nhiét d6 1én su tic nghén
dan mang loc, nhiét d0 cang cao, anh hudng nay cang 1é6n. Do do ta co thé két luan
réng, cuong do loc giam do sy tic nghén dan mang loc va sy anh huong cua nhiét
d6 giam 1a do yéu t6 nay.

Hiéu sudt logi bé mudi

Tir biéu d6 hinh 7b, hiéu suat loc mudi cia DSSDK giam dan khi nhiét do tang;
hiéu suit loai bo mudi khoang 60% & 20°C va giam con 50% ¢ 70°C. Diéu nay
mot lan nira khﬁng dinh rang higu suat loc mudi phu thudc vao nhiét do. Do hi€u
suat loc mubi thap khoang hon 50%, g1a tri ndy cling tuong ng v6i hiéu suat loc
b6 mubi ddi v6i dung dich hdn hop mudi va mau pha ché & phong thi nghiém (dao
dong tir 40% - 80%).

Hiéu suat loai bo mau

Hiéu suét loc mau cua mang loc nano 1a mot nhan t6 quan trong cua nghién ctu
nay. Trén hinh 7b, hiéu sut loc mau 16n hon 93% va twong ddi on dinh va khong
phu thudc vao nhiét do. Véi hiéu suét loc tuong ddi cao nay hoan toan co thé tuan
hoan nudc cho muc dich tai st dung & nhiét 6 cao (dén 70°C).

Vi két qua thu dugc ta thdy mang loc nano DS5DK it chiu anh huong cua sy tac
nghén dan mang loc trong thoi gian nghién ctu. Hi¢u sudt loc mudi twong ddi
thap, hiéu suat loc mau rit cao s& 1a mot thuan loi 16n trong viéc tai sir dung nudc
thai xu ly ¢ nhiét do cao (dén 70°C) thong qua viéc giam nguy co tac loc va tranh
rira ¢ot loc lién tuc, tiét kiém duoc mot luong mudi dong thoi tiét kiém ning luong
dun néng nude dang ké. Tuy nhién, chat luong nude can duge kiém tra va kiém
soat trude khi dua ing dung vao thyc té.
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4 KET LUAN VA KIEN NGHI

4.1

KET LUAN

Qua thi nghiém loc nano vdi dung dich nhuém & phong thi nghiém va véi nude
thai thyc t€ ching ta ghi nhan mot s6 két luan nhu sau:

4.2
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Cuong d06 loc tang khi nhiét d6 tang (hoac do nhdt giam) theo dinh luat Hagen-
Poiseuille; nhung anh hudng ctia nhiét d6 thap hon anh hudng cia cac chat hoa
tan trong dung dich. Khi nong dd chat hitu co (VB) cao thi ¢6 hién tugng suy
giam cuong d6 loc, nhung ¢ mot ching muc nao d6 lai lam tang hi¢u qua loai
boé mau.

Ngoai sy anh huong cua nhiét d6 1én cuong do va hiéu suat loc, sy gidn no hay
truong phdng mang loc nano cho phép chat 1ong thim qua mang loc nhiéu hon,
két qua lam giam hiéu suat loc mudi va mau. Hon nita, sy hién dién cta mu01
NaCl trong dung dich ciing lam ting cudng do loc va lam suy giam hiéu suét
loc cua mang.

Co su hép phu chat hitu co (VB) Ién bé mat mang loc lam cén trd sy di chuyén
cua chat long hay 1am giam dong tham qua mang nano nhung chua xay ra hién
tuong tac nghén loc, dac biét 1a doi véi dung dich cé nong d6 chat hiru co cao.
Mang loc nano DS5DL bi tén thwong va khong thich hop lam viéc véi nhiét do
cao (>50°C). Vi thé can kiém tra lai cac thong s6 k¥ thuat cung cap bdi nha
san xuat.

Nuéc thai thyc té cho higu suat loai bo mau cao va hiéu suét loai bé mudi thap
s€ 1a vu thé cho muc dich tai st dung nuwdc chira muodi va tiét kiém dang ké
nang luong (tai st dung nude ¢ 60-70°C). Tuy nhién cling can kiém tra ky chat
lugng ctia nude xt 1y theo yé€u cau cu thé ciia ddy chuyén san xuat.

KIEN NGHI

Piém bét lgi 16n nhit cua ung dung loc nano 1a anh hudng cua su bién dang
déo mang loc va sy tac loc néu thoi gian van hanh dai. Do do, can cé nghién
ctru anh hudng cia thoi gian van hanh 1én qua trinh tac nghén loc va sy bién
dang mang loc.

Hon hop nuéc dét nhudm khac nhau s& c6 d6 nhét khac nhau, vi vay ciing can
c6 nghién ctru dnh huong cia do nhét tirg loai dung dich loc 1én hi¢u suat loai
bdé muoi va mau.
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