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TOM TAT

Hién nay, thu hoach téo dé phat trién nhién liéu sinh hoc dang dwoc nghién cru va dwa vao thwc nghiém véi
nhiéu phuong phap khac nhau nhu loc, ly tam, tuyén ndi, keo tu... Trong nghién ctu nay tién hanh danh gia kha
ndng ng dung ctia mang loc vao thu hoach vi tdo. Nghién clru dwoc thwe hién béng hé thdng nhé, thé tich 1 | str
dung mang soi réng véi dién tich bé mat 0,065 m?, kich thudc 16 mao quan 0,2 ym. Trong qua trinh thi nghiém, st
dung hé théng suc khi nhdm gidm Iwong tdo bam trén b& m&t mang loc, gidm hién twong tdc mang loc. Khi tang
cuwong dé suc khi tir 0 - 0,315 |/Cm2.phL'Jt thi nang suét loc tang, tr& lwc gidm. Khi cwéng d6 suc khi nhé hon 0,189
l/lcm?.phut, nang sudt loc giam va tr& luc tang rat nhanh. Khi cuong d6 suc khi Ién hon 0,189 I/cm?.phat, nang suét
loc va tré& luc thay ddi khéng dang ké. Qua trinh loc mang nén duy tri theo ché dé 5 phut hit: 5 phat nghi dé dam bao
nang suét loc va ap suét hat n dinh. Mat do sinh khéi tao ciing gay anh hwéng 16n dén ndng suét loc va ap suét hut.
Cac két qua thu dwoc cho thay co thé trng dung mang loc vao viéc thu hdi sinh khéi tdo, mé ra mot hwéng phat trién
m&i cho cong nghé mang, ddng théi 1a mét phwong phap thu héi vi tio rat hiéu qua.

T khoéa: Loc mang, ndng suét loc, nwéc thai chan nudi, thu hoach, vi tdo.

Application of Membrane Filtration to Harvest Microalgae
Cultivated from Piggery Wastewater

ABSTRACT

Currently, many methods such as filtration, centrifugation, flotation, and flocculation for harvesting algae for
biofuel production development have been studied. In this study, application of membrane filtration to harvest
microalgae was evaluated in a lab-scale system. The working volume of the system was 1 I. A hollow fiber membrane
(with the surface of 0.065 m?, pore size of 0.2 ym) was submerged in the system. During the experiment, the air was
supplied to prevent the membrane fouling due to the attachment of the micoralgae on the membrane surface. As a
result, when the air intensity increased from 0 to 0.315 l/cm?.min, the flux increased and the transmembrane pressure
decreased. When the air intensity was lower than 0.189 I/cmz.min, the flux decreased and the transmembrane
pressure increased rapidly. When the air intensity was maintained higher than 0.189 l/cm?.min, the flux and the
transmembrane pressure were relatively constant. Operational mode of suction pump should be maintained at 5 min
on: 5 min off to keep the flux and the transmembrane pressure stable. During opertation, microalgae concentration
significantly affected the flux and the transmembrane pressure. In conclusion, membrane filtration could be applied to
harvest the microalgae. During operation, the air intensity should be maintained higher than 0.189 L/cm?®.min to help
the filtration longer. Membrane filtration could be an effective method for harvesting microalgae.

Keywords: Flux, harvest, membrane filtration, microalgae, piggery wastewater.
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Trong nhiing nam gan day, hinh thiic chan  lgn dan d&n nguy co gidy 6 nhiém méi truong
nudi ¢ Viét Nam c6 su chuyén d6i tit nhd 18 theo cao, dic biét 1a nudc thai phat sinh tir cac cong
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trai. Su phat trién cua cac trang trai chin nudi
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doan tdm cho lgn, riia chudng, co, riia mang an,
vé sinh dung cu, nudc tiéu cta lon (Nguyén Thi
Thuy Dung va cs., 2015). Nuéc thai chin nubi
lon 6 Viet Nam hién nay chu yéu dugc xt ly
bing phuong phap lén men yém khi chua loai
trit duge cac dudng chat N, P (Nguyen Duc Long
et al, 2013, Lé Van Cat, 2007). Nguén dudng
chét N, P nay c6 thé duge hap thu bdi céc vi tao.
Thoéng qua quang hdp, vi tdo st dung anh sang
mat tréi va hdp thu dudng chit N, P tit nudc
thai dé c6 dinh trong sinh khéi tdo. Nhiéu
nghién ctu gin day tng dung vi tdo nhu C.
vulgaris va C. pyrenoidosa dé xt ly nuée thai
chin nudi lon cho két qua tot (Travieso et al.,
2006, Wang et al, 2010, Wang et al, 2012).
Trong nhiing ndm gin day, 6 Viét Nam ciing da
bit ddu chd y dén huéng xi 1y nuée thai chan
nudi lgn bang vi tdo va da cé nhiing két qua ban
dau kha quan, gép phan md ra mot phuong
phap xt 1y nuéc thai chin nudi c6 tinh kha thi
cao (Pang Pinh Kim va cs., 2011, Nguyen Duc
Long et al., 2013). Viéc nudi tréong va thu hoach
vi tdo dé san xuét nhién liéu sinh hoc ¢6 ¥ nghia
16n trong giai doan khung hoang ning lugng
nhu hién nay (Andersen, 2005, Nguyen Thi
Hong Minh and Vu Van Hanh, 2012). Viéc thu
tdo dé phat trién nhién liéu sinh hoc da dugc
nghién ciu va dua vao thuc nghiém véi nhiéu
phuong phap khac nhau nhu: loc, ly tam, keo
tu,.. (Dinh Trinh Thanh Xuan, 2010). Tuy
nhién, cac phuong phap nay béc 16 nhiéu han
ché&, méi phuong phap déu giap phai mot s6 han
ch& nhat dinh. Phuong phap loc bang vat liéu
loc théng thudng dé& bi téc khi cac t& bao dinh
két v6i nhau thanh khoi 16n, bit kin cac 16 vat
liéu loc (Nguyen Duc Long et al., 2013); phudng
phap ly tam tiéu t6n niang lugng 16n (Travieso et
al., 2006); phuong phap keo tu sé ¢c6 mot lugng
héa chat bi gii lai trong sinh khéi, lam anh
hudng dén chat lugng sinh khéi hoic phai mat
thém cong doan dé tach hoéa chat ra khéi sinh
khéi thu duge (Wang et al., 2012).

Trong nhiing nam gan day, mang vi loc
dugc nghién ctiu va tng dung trong xu 1y nudc
thai dé tach, loc cac thanh phan nhu cac hat
rdn, vi khuén, bun,.. hodc dung dé tach ndm
men, tinh bot trong ché€ bién thuc phidm do
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mang vi loc ¢c6 phan bd kich thudc 16 mao quan
nhd, khoang 0,08 - 2 um (Jorgen, 2001, Enegess
et al.,, 2003, Nywening and Husain, 2007, Cao
Thé& Ha, 2007, Do Khac Uan and Dang Kim Chi,
2008). Nhu vay, c¢6 thé tng dung ky thuat loc
mang dé tach vi tao vi cac loai vi tao thudng cé
kich thuée trung binh trén 2 pym (Travieso et al.,
2006), Trong qué trinh loc, vi tio sé dugc mang
loc gii hoan toan, chi c6 phan nuéc trong dugc
htdt ra nén ham lugng vi tao trong dung dich sé
tang dan 1én dat dén ham lugng cin diung cho
cac muc dich st dung khac nhau.

Do d6, danh gia kha ning tng dung ky
thuat loc mang thu héi vi tdo lam nguyén liéu
cho phat trién nhién liéu sinh hoc s& nhim muc
dich nghién ctu kha nang st dung mang loc dé
thu hoi vi tao trong quy md phong thi nghiém,
dong thoi nghién cttu huéng dén tim kiém
phuong phap thu hoach vi tao hiéu qua, trén co
s6 d6 c6 thé mé rong phuong phap nay dé ap
dung cho cac qui md 16n hon, tao mot bude ngoét
16n trong cong nghé san xuit nhién liéu sinh
hoc tit vi tao.

2. PHUONG PHAP NGHIEN CcUU

2.1. Vat liéu nghién ctu

Hé thong dung trong nghién ctu biéu dién
trén hinh 1. Mang loc dang sgi rdng dugc ndi véi
chan khoéng k& dé do trd luc cia mang khi loc.
Bom duge néi ¢ dau ra dé thu nude trong mang.
Luu lugng k& ¢6 1 dau néi v6i may théi khi va 1
d4u ndi véi dau phan phodi khi é phia dudi mang
loc nham lam giam cac 16p bam trén bé mat cta
mang dé tranh khong giy ra hién tuong tdc
mang. Luu lugng suc khi doc trén luu lugng ké.
Mang soi rong (14 san phdm thuong mai, do
Coéng ty Hyosung, Han Quéc cung cap) c6 dién
tich bé mat 14 0,065 m?, kich thuéc 16 mao quan
14 0,2 pm ¢6 kha ning cho nuéc va cac phan ti
c6 kich thuéc nhé hon 0,2 um di qua mang, cac
t& bao vi tdo c6 kich thuéc 16n hon kich thuée
cta 16 mang sé bi giti lai khéng cho qua mang.

Tao dung trong nghién citu 1la Chlorella
vulgaris B5, t&€ bao hinh ellip d&n hinh cau,
chiéu dai té& bao 3 - 4,2 pm, chiéu réng 2 - 3,4
um, dugc 14y tit bé nudi véi thé tich khoang 45 L.
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Hinh 1. So d6 hé théng thi nghiém

Ghi chi: 1. Thiing chita nudc ra; 2. Bom hiit; 3. My théi khi: 4. Binh chiia tao va mang loc; 5. Thiing chita dung dich tio

ddu vao; 6. Ap ké: 7. Luu lugng ké- 8. Mang loc.

Trudc khi dua vao bé nudi, tao dude nhéan giong
trong cac binh tam gidc va binh nhua 16n trén
phong thi nghiém, sau &6 dem xuéng bé 16n nudi
trong moi trudng nudc thai nudi lgn pha loang,
c6 COD dao dong trong khoang 300 - 500 mg/L.
Dung dich tao dung cho thi nghiém thu hoach
dugc 14y sau khi nuéi trong nuée thai chan nuéi
khoang 4 - 5 ngay.

2.2. B6 tri thi nghiém

Xac dinh anh hudng ctia cudng dd suc khi
dén qua trinh loc cia mang: ffng v6i cac mic
suckhila 0, 1, 2, 3, 4, 5 l/phut, st dung 1,51 tdo
va loc trong thoi gian 55 phut. Ghi lai thé tich
nudc loc thu duge va sy thay déi ap suét hit
trén dong hé do ap.

Xac dinh anh hudng ctia ché d6 van hanh
dén qué trinh loc ciia mang: thay d6i cac ché do
van hanh la 30s:30s, 1:1, 2:2, 5:5, 10:1, 10:2,
10:5 (ttic 1a 30 gidy hut: 30 gidy nghi, 1 phut
hut: 1 phit nghi ..).

Cac thi nghiém nay dugc tién hanh doc lap
ting diéu kién. Sau mdi diéu kién thi nghiém,
mang loc duge 14y ra rtia sach bing nudc va
ngam trong dung dich NaOCl 3% trong thoi
gian 30 phit, sau d6 dugc ria lai bing nude cat

dé dam bao kha nang loc cta mang khéng bi
anh hudéng sau mdi thi nghiém. Sau méi lan
rtia, mang loc sé duge kiém tra kha ning loc
bing cach loc nude sach dé danh gia kha ning
phuc hdi cia mang loc. Néu kha nang loc bi suy
giam thi s& phai thay mang loc khac c6 dam bao
kha n#ng loc giong nhau gifia cac thi nghiém.

2.3. Danh gia két qua thi nghiém

Ning suat loc duge xac dinh theo cong thiic:
F = Q/S (Um%h). Trong d6: F: ning suat loc cua
mang (I/m%h). S: dién tich bé méit mang loc (m?).
Q: Luu lugng nuée ra (I/h). V61 Q = V/t (Uh), V:
thé tich nudc ra thu duge (1), t: thoi gian loc (h).
Ap sudt hut duge xac dinh bing cach doc gia tri
thay déi trén déng hé ap ké (chan khéng ké) 1dp
trén duong 6ng hit néi ti mang loc va bom hiit.
Cuong d6 suc khi duge xac dinh theo cong thic:
v/IA (/cm?phut). Trong d6: I: cuong dd suc
khi (Vem?phut). v: luu lugng khi (I/phadt). A:
dién tich bé mét thiét bi dude suc khi (cm?).

Xac dinh ham lugng vi tao bang phuong
phap ly tAm: Dung dich tao dudc lic déu, dung
binh dinh miic 14y 50 ml dung dich tdo cho vao
ong ly tdm 16n, day nép that chat va cho vao
may ly tam, ly tAm véi tdc dd 7.000 vong/phiut
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trong thoi gian 5 phut. Sau khi ly tam, d6 hét
phan nuéc trong trong 6ng, giti lai phan sinh
khoi tao da ling trong 6ng. Cho nude cit vao lac
cho sinh khoi tao tan hét roi d6 hon hgp nay vao
ong ly tdm nhdé. Cac 6ng ly tAm nhd truée dé
dugde rtia sach va sdy kho 6 105°C trong 2 h, dé
ngudi trong tt hat 4m rdi dem can dé xac dinh
khéi lugng ban dau ctia 6ng. Bén canh dé, trong
nghién ciiu cling tién hanh xac dinh mat do tao
bing phuong phap dém truc ti€p bang budng
dém hoéng cAdu Neubauer cai tién (Improved
Neubauer, Dic).

3. KET QUA VA THAO LUAN

3.1. Anh huéng ctia cuong do suc khi dén
nang suit loc va ap suat hat

Hinh 2 biéu dién anh hudng cta cudng do
suc khi d&n nang sudt loc. T hinh 2 cho thiy,
khi loc nuéc may ning suét loc rat én dinh,
khoang 21 I/m?h. Khi bat dau loc tao va thay déi
ché& d6 suc khi tit 0 - 5 I/phiut tng véi cudng do
suc khi 12 0 - 0,315 /em? phtt ning suat loc thay
ddi. Khi cuong dd suc khi nho hon 0,189 Vem?h
ning suat loc gidm rat nhanh. Tuy nhién khi
cuong dd suc khi tang ti 0,189 - 0,315 l/cm? phut,
ning suét loc giam khong dang ké, cho thay 6
giai doan nay khi ting cuong d6 suc khi thi ning
suét loc van 6n dinh. Do vay, cudng d6 suc khi téi
thiéu c6 thé chap nhan trong qué trinh loc mang

thu vi tdo nén duy tri § miic 0,189 l/cm?®h, tuong
{ing véi tdc do suc khi 3 I/phit.

Khi qua trinh loc dién ra lién tuc, tdo sé
bam trén bé mit mang lam tdc mang loc, khi d6
ap suat huat ting 1én, gia tri nay dugc doc trén
chan khong k& Muén khéc phuc nhuge diém
nay can tién hanh suc khi dé kéo dai thsi gian
van hanh (M3 Khéic Uédn va Yeom, 2012). Dua
vao d6 thi hinh 3 cho thay ap suét hit 6 mdi ché&
d6 suc khi luén c6 xu huéng ting theo thoi gian
van hanh, tuy nhién su ting nay ti 1& nghich véi
cuong do suc khi, tic 1a khi cuong d0 suc khi
ting thi ap suat hat gidm va ngude lai. Cudng
d6 suc khi nhoé hon 0,189 l/cm?.phtt ap suit hut
ting rdt nhanh, khi cuong d6 suc khi 16n hon
0,189 l/em?®phut ap sudt hit ting cham, diéu
nay giai thich ring muén mang khong bi tic cn
duy tri cudng dé6 suc khi 16n hon 0,189
l/ecm? phit. Tuy nhién véi cing mot téc dd suc
khi, cuong dé suc khi cang 16n khi dién tich bé
miéit duge suc khi huéng 1én trén cang nho, vi
vay can luu y trong qua trinh lip dat va thiét k&
dé cuong do suc khi 16n nhAt.

Nghién ctiu da chi ra anh hudng cua tiung
cuong do suc khi dén ning suit loc va ap suat
hut, dong thoi dé nang suét loc va ap sudt huat
6n dinh thi cudng d6 suc khi phai 16n hon 0,189
l/em?.phit, day duge xem 1a gia tri t6i han dé
han ché& van dé tic mang. Trén co s¢ d6, ta co

—a=—0|/phut —¥—11/phuat 2 |/phut
—o— 3 |/phut —eo—4|/phut 51/phut
= &= Loc nudc may
25 ~
Ta| peeeNegeogespog Lo
£
=~ ' \
S 15 -
2-
510 -
[-T4]
:g 5 -
2
0 T T T T T 1
0 10 20 30 40 50 60
Tho'i gian (phat)

Hinh 2. Anh huéng ctia cudng do suc khi dé€n ning suat loc
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Hinh 3. Anh huéng ctia cudng dé suc khi dén tré luc
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Hinh 4. Quan hé giita ning suit loc va ap suit hut theo thdi gian van hanh

moi quan hé gitia néng suat loc va 4p suat huit
theo thoi gian van hanh theo hinh 4. Trong 55
phut khdo sat khi van hanh & ché do 0,189
L/cm?phit thi nang sudt loc thay d6i tu 21
L/m?h xudng 18 L/m>.h, 4p sudt hit téng tu 5,1 -
6,1 cmHg. Nhu vay, 6 ché do suc khi nay thi
nang suét loc va 4p suét hut tuong déi on dinh
va c6 thé 4p dung trong qua trinh thu hoach tao
tiép theo.

3.2. Anh huéng ctia ch& dé van hanh dén
qua trinh loc

Thuc hién thi nghiém véi cac ché do van
hanh khac nhau. T d6 thi hinh 5 cho thiy ning
suét loc ctia cac ché& 6 van hanh 1a tuong d6i 6n

dinh, tuy nhién c6 sy chénh léch rat 16n gitia cac
ché& d6 van hanh véi nhau. O ché do 30 s hit: 30 s
nghi thi ning suét loc cao nhat va 6n dinh, dao
dong rat nhd trong khoang 20 - 25 L/m%h. O ché
d6 1 phut hat: 1 phiat nghi, 2 phat hat: 2 phat
nghi va 5 phut hiat: 5 phut nghi ciing tuong d6i
6n dinh, tuy nhién ning suét loc da bi giam di
dang ké so véi ché& do 30 s hut: 30 s nghi. O ch&
d6 10 phut hut: 1 phut nghi va 10 phut hat: 2
phiut nghi ¢6 niang suit loc gidm rat nhanh,
khoang bién dong con 16n hon so véi ché dd 10
phut huat: 5 phut nghi, Iic nay nang suat loc da
gidm di 1 nia so véi ché& do 30 phit hit: 30 phit
nghi va chi con khoang 13 L/m®h. Diéu d6 cho
thay ning suat loc phu thuoc rat 16n vao ché do
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lam viéc clia mang, néu mang lam viéc lién tuc
v6i thoi gian nghi ngin thi nang suét loc bi suy
gidm rat nhiéu. Ngudc lai, néu mang lam viéc
v6i thoi gian hit va nghi thich hgp thi sé duy tri
dugc ning suit loc cao nhit.

Véi mbéi ché do van hanh cho thay ré su
thay d6i ctia ap suét hit (hinh 6), ché d6 30 s
hut: 30 s nghi c6 4p suat hit 1a nhé nhat nhung
bién dong rat 16n tir 4,8 dén 9,6 cmHg. Ché do 1
phut hit: 1 phat nghi va 2 phut hat: 2 phit
nghi c6 ap sudt hut tuong d6i thadp nhung da
tang hon so véi ché d6 30 s hiit: 30 s nghi, ché do
5 pht hit: 5 phit nghi 1a 6n dinh nhét. Cac ché
d6 van hanh con lai c¢6 ap suat hit ting cao,

khoang bién dong ciing 16n, nadm trong khoang
ta 11 - 18 cmHg.

Ca 2 d6 thi trén cho thay ché& d6 van hanh
tot nhat 1a 30 s hit: 30 s nghi. Tuy nhién ché do
van hanh 6n dinh nh4t 1a 5 phut hdt: 5 phut
nghi, ¢ ché dd nay thi ca ning suit loc va ap
suét hat déu it bi thay d6i.

3.3. Anh huéng ctia néng do tao dén niang
suat lgc va ap suat hat

Trong qué trinh chay mé hinh, ning suit loc
ciing nhu tré luc cia mang thay ddi khong chi
phu thudc vao ché& d6 suc khi ma con phu thuoc
rat nhiéu vao sinh khéi tdo (nong dd tao).

Ning suat loc (I/m2.h)
=
w
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Hinh 5. Anh huéng ctia ché do van hanh dén ning suat loc
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Hinh 6. Anh huéng ctia ch& do van hanh dén ap suat hat
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Mat @b tao trong dung dich trude khi loc xac
dinh dugc 8,25 triéu t& bao/ml. Khi sinh khéi tao
cang 16n lam cho mat dd cic té bao tdo xung
quanh bé m#t ciia mang ting lén dén 117,95
triéu t& bao/ml, 1am can tré qua trinh loc, gay ra
hién tugng tic mang. Pé gidm hién tugng tic
mang loc ta tién hanh suc khi, mtic suc khi t6i
uvu dudc st dung la 3 L/phut tuong tng véi
cudng do suc khi 0,189 L/cm?phtt. Hinh 7 biéu
dién su thay ddi cia nang sudt loc va trd luc cia
mang theo noéng dd tdo ting dan tai 12 thoi
diém bat ky trong ca qua trinh thu vi tdo. Tu
két qua nghién ciu cho thiy néng suit loc gidm
khi trd luc tang theo néng d6 tao, khi ham lugng
tao duéi 1000 mg/L thi ning suat loc gidm di
dang ké, tit 19 L/m®.h xudng con 16 L/m2.h, khi
d6 thi 4p suat hit lai tang tuong déi nhanh, tu
7,6 dén 12,6 cmHg. Sau d6, khi ham lugng tao
tang dan tit 1000 mg/L d&én 5000 mg/L thi ca
nang sudt loc va ap suét hat déu it bi thay ddi,
cu thé 14 ning suét loc giam tit 16 xudng con 15
L/m?h, 4p suat hit ting tir 12,3 1én 13,2 cmHg.

4. KET LUAN

Tu cac két qua thu duge tit nghién ciu cho
thay, mang vi loc (kich thuéc 16 mao quan 0,2
pm) c6 kha ning tng dung dé thu héi vi tao.
Trong qua trinh van hanh hé théng loc mang,
cuong dé suc khi anh hudng 16n dén niang suat

loc va ap sudt hut. Cudng d6 suc khi t6i thiéu
can thiét trong qua trinh loc mang thu vi tao
nén duy tri § mic 0,189 l/cm®h, tuong ting véi
toc do suc khi 3 /phut. D& dam bao cac thong s6
nang suét loc va ap sut hit 6n dinh, qua trinh
loc mang nén duy tri theo ché& dé 5 phut hut: 5
phut nghi. Trong qua trinh nay, van can duy tri
toc d6 suc khi phu hgp 6 mtic 3 I/phut. Mat do
sinh khéi tao ciing gdy anh hudng 16n dén ning
sudt loc va ap suat hat. Cac thong thu dude tu
nghién ctiu nay sé 1a co s¢ dé ap dung cho viéc
diéu chinh qua trinh thu héi vi tao bang loc
mang. Nghién ctu tiép theo dang dudc tién
hanh danh gia hiéu qua xi 1y nuéc thai chin
nudi bing vi tdo va danh gia vai tro ctia qua
trinh loc mang dén chit lugng nuéc sau thu
hoach vi tao.

LOI CAM ON

Cac tac gia xin cam on Trudng Dai hoc Bach
khoa Ha Nbi da c&p kinh phi dé thuc hién
nghién ctu nay (D& tai ma s6 T2013 - CT01).
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