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TOM TAT

Nghién cttu nay tién hanh ap dung ki thuat loc mang dé thu hoach vi tao. Trong qua trinh
loc, mang bi tic do vi tao bam dinh I&n bé mit mang loc. Két qua nghién ctru cho thiy hé thdng
suc khi c6 vai trd quan trong dé han ché vi tao bam I1én bé mit mang. Cuong do suc khi anh
huong 16n dén ning suét loc va &p suét hut. Cudng do suc khi dugce xac dinh ti 1& nghich véi
dién tich bé mat duoc suc khi. Két qua khao sat cho thay khi cuong do suc khi nho hon 0,189
I/cm?. phut, ning suat loc giam va &p suit hit ting rat nhanh, khi cuong d6 suc khi lén hon 0,189
I/cm?.phat, &p suit hut ting khong dang ké va én dinh dan. Vi vay, trong quéa trinh thiét ké hé
thdng can tinh toan hop 1i dé dién tich bé mat bé nhit sao cho cudng do suc khi tdi wu, vira tiét
kiém ning luong, vira giai quyét van dé tac mang hiéu qua nhat.

Twr khoa: mang loc, thu hoach tao, cuong do suc khi, nang sut loc, tic mang.

1. PAT VAN PE

Thu hoach tao dugc xem la mot khau quan trong cta qua trinh san xuit nhién liéu sinh hoc
[1, 2]. Viéc lya chon phuong phép thu hoach vi tdo twong dbi khé khan boi nd phu thudc vao
nong do cua tdo va kich thuéc kha nhé cua vi tdo. Hién nay co nhiéu phuong phap dé thu hoach
vi t40 bao gdm loc, li tdm, keo tu, tuyén ndi... [3, 4]. Khi st dung phuong phap keo tu, chat keo
tu thuong duoc sir dung nhu: Phén nhom sunfat (Al(SO,)s.18H,0) dwoc sir dung nhiéu nhit,
dic biét 1a tao mang dién tich am. Ngoai ra, con c6 phén sit (Fey(SO,)s.nH,0 hoic FeClz.nH,0),
Poly Aluminium Chloride (PAC). Nhuoc diém cua phuong phap nay la rt kho loai bo cac héa
chit da bd sung dé keo ty sinh khdi tao, va tiéu ton hoa chat keo tu [5]. Phuong phap tuyén ndi
cling da dugc su dung ket hop dé thu hoach vi tao trong nuéc thai. Pay 1a mot phuong phap don
gian ma vi tdo co thé noi 1én trén bé mat moi truong. Tuy nhién, phuong phap nay khong thé thu
hoi triét ¢& ham luong sinh khi tao va viéc kiém soat didu kién tuyén ndi nhu ty 18 khi/long
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tuong dbi kho khian [6, 7]. Phuong phap li tim c6 thé dung dé thu hoach vi tao & dang soi hoic
dang don bao. Phuong phap li tdm c6 uu diém chinh 1a don gian va khdng can bo sung hoa chat
vao qué trinh van hanh, chat luong sinh khéi thu duoc rat tét, sinh khéi khong bi bién ddi, khong
gay 6 nhidm tha cip, hiéu suat thu hoach cao. Tuy nhién, nhuge diém chinh cua phuong phap
nay d6 1a chi phi nang lugng st dung kha 16n [8, 9].

Phuong phap thu hoach tao bang ki thuat loc mang c6 thé khic phuc duoc nhugc diém cua
cac phuong phap khac nhu vin dé ning luong, hda chat con ton lai trong sinh khdi tao thu duoc
[10]. Tuy nhién, han ché Ién nhat caa qua trinh loc mang 12 van dé tic mang, 1am giam ning suét
loc dan dén ting thoi gian 1am viéc ciia hé thdng. C6 nhiéu phuong phap c6 thé khic phuc van
dé tic mang nhu phuong phap héa hoc, sinh hoc, co hoc... [11, 12, 13]. Tuy nhién nhiing
phuong phap nay mang tinh thu dong, ddng thoi ting thoi gian nging lam viéc cua qua trinh loc,
né chi tién hanh xu 1i khi mang da bi tac. Vi vay, giai phap suc khi thich hop nhiam ngin ngira
van dé tic mang trong qua trinh van hanh dugc xem 1a mét lya chon hop i, tao diéu kién cho
qua trinh loc van hanh lién tuc.

Nghién ctru nay tién hanh danh gia anh huong cia cudng d6 suc khi dén qua trinh thu hoi
vi t40 bang ki thut loc mang. Trong do, tap trung khao sat, danh gia anh huéng cua cuong do
suc khi dén qua trinh thu hoach sinh khéi vi tao, tir d6 xac dinh dugc ché d6 suc khi ph hop dé
thu hoi sinh khéi vi tao bang mang loc.

2. PHUONG PHAP TIEN HANH
2.1. Hé théng thi nghiém

Hé théng thi nghiém trong nghién ctru nay duoc thé hién trén Hinh 1. Bé loc la 6ng thity
tinh c6 thé tich 1am viéc 1000 ml dung dé chira dung dich tio va mang loc. Trong nghién ciru
nay str dung mang vi loc dang soi rong, duoc ché tao tir vat liéu tong hop PVDF (Polyvmylldene
fluoride, san pham cua Tap doan Hyongsung, Han Quéc). Tong dién tich bé mat 1a 0,065 m?,
kich thudc 16 mao quan 1a 0,2 pm. D4i twong dung trong nghién ctu nay la tao Chlorella
vulgaris B5, t& bao hinh ellip “@én hinh cau, kich thuéc trung binh 2 - 3,4 um, duoc ly tir bé
nudi c6 dung tich khoang 45 I.

Bang 1. Céc diéu kién céc thi nghiém theo cic cuong do suc khi khéc nhau.

Thi nghiém Toc d S?C khi CZS(I:I ir?f)c Th?i)g o Thg;f?iian ;—Uhnégti:chhot?r?i
(I/phut) (I/cm?.phat) (phut) (phut) nghiém (ml)

1 0 0 5 5 1500

2 1 0,063 5 5 1500

3 2 0,126 5 5 1500

4 3 0,189 5 5 1500

5 4 0,252 5 5 1500

6 5 0,315 5 5 1500
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Hinh 1. M hinh hé théng thi nghiém.

Ghi chd: 1. Thing chira nude ra; 2. Bom hut; 3 May thdi khi; 4. Binh chira tao va mang loc;
5. Binh chua dich tao dau vao; 6. Ap ké; 7. Luu lugng ké; 8. Mang loc soi rong

Khi dwa dung dich chira tio vao bé loc, cac té bao tao co kich thudc 16n hon kich thudc cia
mao quan cua mang sé bi git lai trén bé mat mang loc. Phia dudi mang loc c6 bé tri qua suc khi
dé d4o tron va ngan ngira vi tao bam trén bé mat mang loc. Pon nguyén mang loc c6 chiéu dai
340 mm, duong kinh cia b6 mang loc 20 mm va dugc dit gan sat day bé loc dang hinh try,
dudng kinh 90 mm, cao 800 mm. Cac diéu kién tién hanh thi nghiém duoc thé hién trén Bang 1.

2.2. Phwong phap phén tich

Ning suat loc tinh theo cdng thirc: F = Q/S. Trong do: F 1a ning suét loc caa mang (I/m>h).
S la dién tich bé mat mang loc (S = 0,065 m%). Q 1a luu luong nudc ra (I/h). Su thay doi tro luc
mang loc dugc xac dinh bang céc gia tri quan sat duoc trén chan khong ké lap trén duong dng
dan nuéc ra. Sau khi xac dinh duoc tro luc & mdi mac suc khi, bom s& tam dung va tién hanh
rira mang dé 13p lai chu trinh x4c dinh su thay ddi tré luc & mé tiép theo.

Ham luong tao duoc xac dinh bang phuong phap 1i tim va dém truc tiép té bao. Khi xac
dinh ndng d6 vi tao bang phuong phap li tdm, dung dich tao duogc lic déu, ding binh dinh muc
ldy 50 ml dung dich tao cho vao 4ng li tim 16n, day nap that chat va cho vao may li tam, li tim
Vi tde d6 7000 vong/pht trong thoi gian 5 phat. Sau khi li tam, db hét phan nudc trong trong
dng, gitr lai phan sinh khdi téo da lang trong ong. Cho nudc cat vao lic cho sinh khdi tao tan hét
réi 6 hdn hop nay vao ng li tam nho. Cac ong i tdm nho trude d6 duoc rira sach va Say kho o
105 °C trong 2 gio, dé nguoi trong ta hat am roi dem can dé xéac dinh khéi luong ban dau cua
ong Mat do té bao tao dugc xac dinh bang phuong phép dem truc tiép bang budng dém hdng
cau Neubauer (Improved Neubauer, Dtc). Buong dém hong cau la mét phién kinh day 2 -3 mm
cO mot vung dia dém nam gitra phién kinh va duoc bao quanh boi ranh. Pia dém thap hon bé
mat phién kinh 0,1 mm, cho nén khi pha Ién mét lam kinh mong thi d6 sau cua dia dém sé& dong
déu. Vung dia dém co dién tich 1 mm?, duoc chia thanh 25 & I6n (m&i 6 I6n c6 dién tich 1/25
mm?), mdi 6 1on dugc chia thanh 16 6 nho (mbi 6 nho c6 dién tich 1/400 mm?).
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3. KET QUA VA THAO LUAN
3.1. Su thay d6i ciia ning suit loc va ap suat hit khi loe nwéc may

Nudc may ding dé loc va duge xem nhu 1a mau trang dé so sanh khi tién hanh loc véi tao &
céc ché do suc khi khac nhau. Két qua nghién ctru dugc thé hién qua Hinh 2. Tir Hinh 2 (a) cho
thay, trong suét 55 pht van hanh & ché do 5 phat 1am viéc 5 phat nghi va khong suc khi thi khi
loc nuwéc may nang suét loc rat 6n dinh, dao dong & muc 21 I/m2.h. Kich thudc 16 mang s& quyét
dinh tinh thim cua cac cau tir. Khi chat tan c6 kich thudc phan tir bé hon kich thudc 16 mang déu
dé dang van Chuyen qua mang [14]. Do do trong phan nghién ctru nay, dung méi 1a nudc may
duoc xem nhu mau trang, trong thanh phan chi c6 cac phan tir nudc nén cac phan tu nay dugc
phép di chuyén hét qua mang va khéng bi giit lai trén bé mat mang lam cho gié tri ning suat loc
rat 6n dinh trong suét thoi gian van hanh. Hay n6i cach khac, cudng d6 suc khi khéng anh huong
dén qué trinh loc nay.

Khi tién hanh loc nuwéc may, 4p suat hit gan nhu khong d6i. Két qua nghién ciru duoc thé
hién trén hinh 2 (b). Sau 55 phit loc nuéc may, ap suat hit khong thay doi trong sudt qua trinh
loc, vao khodng 4,6 cmHg. Nudc may dugc xem la mau tring, trong thanh phan chi c6 cac phan
tr nudce, duoc van chuyén hét qua mang loc nén ap suat hit tao ra rat bé. Gia tri nay duoc tao ra
boi bom hut, khdng tao ra do cac thanh phan chat tan trong nuéc bam trén bé mit mang, day
duoc xem la gié tri dé so sanh véi &p suat hut khi tién hanh loc véi tao.
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Hinh 2. Nang suét loc (a) va ap suat hit (b) khi loc nudc may.
3.2. Su thay d6i ciia ning suit loc va 4p suit hat khi loc tao

Khi tién hanh loc véi tao, niang suit loc thay d6i khi thay ddi cudong do suc khi dugc thé
hién cu thé qua Hinh 3 va Hinh 4. Hinh 3a thé hién mdi quan hé giira ning suét loc va cuong do
suc khi. Ning suét loc duoc do tai thoi diém 55 phit loc cua 6 mé mang di loc theo cac mirc
cuong d6 suc khi khac nhau. Tir Hinh 2a cho thiy, niang suét loc tang khi ting cudng do suc khi,
va chia thanh 2 giai doan rd rét. Khi cuong do suc khi nho hon 0,189 I/cm?.phut, ning sut loc
téng nhanh nhat tir 9 I/m%h 1én 15 I/m*h. Khi khong suc khi 1én cudng do suc. khi 0,063
I/cm?.phit va tiép tuc ting 1én 16 1/m’h khi ting cu:orng d6 suc khi 1én 0,189 I/cm?.phuit. Khi
cuong do suc khi 16n hon 0,189 l/ecm? phut (tir 0,189 I/cm? .phut den 0,315 l/cm?.phit), ning suét
loc tang cham lai, tir 18 I/m*.h Ién 19 I/m*.h. Hinh 3b biéu dién mbi quan hé giira ap suat hut va
cuong d6 suc khi. Tir do thi Hinh 2b cho thay, 4p suat hat giam khi ting cuong do suc khi, va
ciing duoc chia thanh 2 giai doan rd rét. Khi cuong d6 suc khi nhé hon 0,189 I/em?.pht, &p Suét
hat giam nhanh nhat tir 16,7 cmHg xudng 11,7 cmHg khi khong suc khi 1én cuong d6 suc khi
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0,063 I/cm?.phit va tiép tuc giam xudng 6,1 cmHg khi ting cudong do suc khi 1én 0,189
l/cm?phat. Khi cuong d6 suc khi 16n hon 0,189 lemZphdt (tr 0,189 I/cm?phut dén
0,315l/cm?.phat), 4p suat hat giam cham lai, tir 6,1 cmHg xudng 5,6 cmHg. Nhu véy, dé cuong
do Sgc khi 6n dinh khi kéo dai thoi gian van hanh can duy tri cudng d6 suc khi Ié6n hon 0,189
I/cm*.phat
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Hinh 3. Mdi quan hé¢ giira ning suét loc (a), &p suat hat (b) va cudng do suc khi.

Hinh 4. So s&nh hinh anh mang loc nudc may (a), loc tao khdng suc khi (b) va loc tao c6 suc khi (c).

3.3. Anh huéng ciia cwong d suc khi dén ham hrgng tio con lai trong bé loc

Anh huong cua cudng do suc khi dén ham lwong tao dugc xem 13 hé qua do anh huéng cua
cuong do suc khi dén ning suét loc va &p suat hat trong qué trinh van hanh. Ham lwong tao con
lai trong bé loc déu ting 1én theo thoi gian loc nhung cé su khéc biét khi suc khi va khong suc
khi. Két qua xac dinh ham luong tao duoc xac dinh theo hai phuong phap li tim va dém truc tiép
té bao tao gilp so sanh va kiém chang méi tuong quan giita ham lwong va mat do tao. Véi
phuong phép li tam, ¢6 thé xéac dinh duoc ndng do tao con lai trong binh tai cac thoi diém khéc
nhau. Véi phuong phap dém tryuc tiép té bao tao c6 thé xac dinh chinh xac ndng do tao trong
nu6e dau ra ma phuong phap 1i tim khé cho két qua chinh x4ac vi ham luong tao ldc nay rat thap.
Trong phuong phap dém, co thé xac dinh dugc ham luong tao dya vao duong chuan trén c& s¢
c4c té bao tao dém duogc. Két qua nghién ciru dugc thé hién cu thé qua Bang 2 va Hinh 5. Khi
hién tuong tic mang xay ra thé hién qua sy gia ting ap suat hit va suy giam ning suat loc theo
thoi gian, nguyén nhan chu yéu 1a do céc té bao tao bam vao bé mat mang loc 1am giam dién tich
bé mat mang loc va che kin hét cac 16 mao quan. Vi vay, khi ham luong tao dugc cb dic ting
nhanh can kiém soat cuong do suc khi dé kéo dai thoi gian van hanh. Cuong d6 suc khi anh
huong 16n dén ndng d6 duge co dac. Két qua nghién ciru cho thay, cling mot khoang thoi gian 1a
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40 pht va cing thé tich mang di loc 12 1900 ml nhung khac cuong d6 suc khi thi nong do con
lai trong binh tao khi dugc suc khi 16n hon nhiéu nong d6 cua tao khi khong duoc suc khi. Cu
thé, khi khdng suc khi: nong do tao con lai sau 40 phut loc 1a 178 mg/I; khi tién hanh suc khi, &
cuong d6 suc khi 1a 0,189 I/cm?.phat, ndng do tao con lai sau 40 phat loc 1a 279 mg/l. Nhu vay,
nong do tao con lai khi dwoc suc khi 16n hon nhiéu khi khong duoc suc khi.

Bang 2. Ndng d6 con lai cua tao trong binh khi khéng suc khi va suc khi.

Cuong do suc Thoi Nong do dau V thém S0t bao (triéu | Nong do con lai
khi (I/cm?.phut) gian(phut) (mg/l) (ml) té bao/ml) (mg/l)
5 1000 8,69 137
10 300 9,07 146
15 200 9,35 153
20 0 9,87 165
0 128
25 200 9,97 167
30 0 10,37 176
35 200 10,30 174
40 0 10,47 178
5 1000 9,52 156
10 300 10,71 184
15 200 11,04 191
20 0 12,07 215
0,189 128

25 200 12,27 220
30 0 13,44 247
35 200 13,50 248
40 0 14,83 279
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Hinh 5. Anh huong cia cuong d6 suc khi dén ham lwong tao con lai trong bé loc.
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4. KET LUAN

Két qua nghién ctu cho thay, hién tugng tic mang loc trong qué trinh thu hoach vi tao xay
ra do vi tao bam Ién bé mat mang loc. Hé thdng suc khi 6 vai trd quan trong dé han ché vi tao
bam 1&n bé mit mang. Cuong do suc khi anh huong 16n dén ning suat loc va ap suat hut. Cuong
d6 suc khi duogc xac dinh ti 18 nghich vai dién tich bé mat dugc suc khi. Vi vay, trong qué trinh
thiét ké hé thong bé loc mang dang hinh try, can bé tri don nguyén mang loc gan sat day va b
tri cac dau suc khi bén dudi mang loc va can tinh toan hop li dé dién tich bé mat bé nhat sao cho
cuong do suc khi téi wu, vira tiét kiém nang luong, vira giai quyét van dé tic mang hiéu qua
nhat. Khao sét cho thay khi cuong d6 suc khi nho hon 0,189 1/cm® phut, ning suat loc giam va
&p suat hut ting rat nhanh, khi cuong d6 suc khi 16n hon 0,189 Vem?.phat, ap suat hat tang
khong dang ké va 6n dinh dan.

Loi cdm on. Pay 1a mot phan két qua cua dé tai cépvtru(‘mg, mé s6 T2013-CT01. Céc tac gia xin cam on
Truong Pai hoc Bach khoa Ha Noi da cap kinh phi dé thuc hién nghién ctu nay.
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ABSTRACT

EFFECTS OF AERATION INTENSITY ON HARVESTING MICROALGAE BY
MEMBRANE FILTRATION TECHNOLOGY

Do Khac Uan"”, Nguyen Tien Thanh?

'School of Environmental Science and Technology, Hanoi University of Science and
Technology, No. 1 Dai Co Viet road, Hai Ba Trung district, Hanoi, Vietham

2School of Biotechnology and Food Technology, Hanoi University of Science and Technology,
No. 1 Dai Co Viet road, Hai Ba Trung district, Hanoi, Vietnam

“Email: uan.dokhac@hust.edu.vn

This study carried out to harvest microalgae by membrane filtration. During filtration,
membrane has been fouled due to the microalgae attached on the membrane surface. The results
obtained from this study showed that aeration system played an important role to prevent the
microalgae accumulated onto the membrane surface. The aeration intensity affected significantly
the membrane flux and the transmembrane pressure. Aeration intensity depended on the cross-
surface area of the filtration tank. When aeration intensity was lower than 0.189 l/cm”min, the
permeation flux was reduced and the transmembrane pressure was increased rapidly. When it
was higher than 0.189 I/cm”min, the transmembrane pressure was increased slowly and get
stable. Therefore, it should be noted that in system design the cross-surface area of the filtration
tank should be considered as minimum for aeration intensity get an optimum condition, resulted
in saving energy and reducing membrane fouling effectively.

Keywords: membrane, harvest, microalgae, aeration intensity, flux, fouling.

104



