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TOM TAT

Trong nghién cuu nay, mot loai hat gel polyvinyl alcohol-sodium alginate (PVA/SA) méi da
dwoc thir nghiém cho qud trinh c6 dinh sinh khoi vi sinh vt dé vmg dung trong linh vuc xir Iy
nude thai. Cdc hat gel dwoc ché tao tir PVA, SA va graphene oxide (GO) véi nong do GO khac
nhau (0,02, 0,2; 2; 20 va 200 mg/L). Két qua nghién citu cho thdy, mét sé tinh chdt co ban bao
gom dé tron va ti 1é triong no cua hat gel khéng cé sw khdc biét dang ké khi thay doi nong do
GO. Pong thoi, khi nong @6 GO cang tang thi cang givip ndng cao dé bén co hoc ciia hat gel. Do
bén ciia hat gel cao nhdt khi ndng do GO la 200 mg/L. Ciing tai nong do nay, hat gel co kha
ndng xir 1y xanh methylen cao nhat (91, 2%) va toc d¢ tiéu thu oxy nhanh nhat (0,31 mg/L/phiit)
so véi hat gel PVA/SA khéng ¢6 GO. Két qua nay buoc dau da chitng minh rang, viéc boé sung
GO la mét cach thiec hiéu qua aé tang cuong do bén co hoc cua hat gel PVA/SA.

Tir khoa: Graphene oxide; Polyvinyl alcohol-natri alginate; C6 dinh sinh khéi; Bun hoat tinh; Gia thé.
1. MO PAU

C6 dinh sinh khdi 13 qua trinh dwoc thyc hién thong qua viéc két dinh hodc c¢b dinh cac ddi
tugng (enzyme, vi khuén, dong vat va té bao thuc vat) boi cac vat liéu hitu co hoac vo co khong
hoa tan trong nudc [1-3]. Trong xur ly nudce thai, cong nghé nay da dugc thir nghiém thanh cong
trén nhiéu ddi twong khac nhau nhu nudc thai luyén coc [4] hay ¢d dinh sinh khdi anammox dé
tang cudng loai bo nito [5]. Uu diém cua phuong phap cb dinh sinh khéi bao gdm: duy tri hoat d6
cao va ndng do vi sinh vat cao, giam chi phi cho viéc xir Iy bun, bao vé vi sinh vat khoi tac dong
tidu cuc ciia moi truong, c6 thé tai sir dung, twong ddi d& dang tach cac pha long rén [6].

Polyvinyl alcohol (PVA) 1a vt liéu rit hira hen va thuong duoc tmg dung trong qua trinh ¢b
dinh sinh khéi do d6 doc thép, twong thich sinh hoc, hap thu chat nén, chi phi san xuét thap [7-9].
Tuy nhién, gel PVA nguyén chét c6 tinh co kém, do dé, viéc g dung va phat trién ciia chung bi
gio1 han trong thoi gian dai. Pé cai thién duge nhuoc diém nay, gan day phuong phap bd sung
chat don kich thudc nano vao hdn hop thanh phan ciia hat gel ¢ dinh sinh khdi duge chii y hon
ca [10, 11]. Trong d6, GO 1a mot vat liéu tiém ning dé 1am chat don do ti trong thap va tinh chat
co hoc tdt, giup tao ra cac vt li€u composite cd dac tinh vu viét nhu do bén cao, suat dan hi
cao, do day thép va nhe [12]. Bén canh d6, GO ciing la mdt vat li€u siéu tuwong thich sinh hoc c6
thé cung cap moi trudng ting trudng 1y tudng, it doc hodc khong doc dbi voi mot sb loai vi
khuén nhét dinh. GO cling co6 dién tich bé mat riéng 1on, wa nudce, hoat tinh cao va co thé 1a mot
vat liéu phit hop cho gia thé ¢ dinh sinh khdi vi sinh vat [13].

Vi vay, hai myc tiéu chinh ctia nghién ctru nay bao gom: (1) danh gia kha ning co thé ting
cuong do bén co hoc hay anh huong dén tinh chit vat 1y cua hat gel PVA/SA khi bd sung GO,
(2) khao sat kha ning hap thy xanh methylen (MB) va kha ning tiéu thu oxy cta cta cac vi sinh
vat duoc ¢ dinh trong hat gel.

2. VAT LIEU VA PHUONG PHAP
2.1. Bun hoat tinh
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Bun hoat tinh dugc sir dung trong nghién ciru dugc thu thap tir hé thdng xur Iy nudc thai quy
mo phong thi nghiém tai trung tdm Cong nghé Vit liéu, vién Ung dung Cong ngh¢. HE thong bao
gém qua trinh xu ly thiéu khi, hiéu khi va ky khi (ndng do chat ran lo limg (MLSS) =20 ~ 25
g/L, ndng d6 chit rén lo limg bay hoi MLVSS = 15 ~ 20 g/L). Bun dugc ria bang nudc cit va
dung dich dém photpho (PBS) d¢ loai bo tap chat con lai trude khi duge st dung cho qua trinh ¢6
dinh sinh khoi.

2.2. Quy trinh ¢6 dinh sinh khéi vi sinh vt

Bun hoat tinh duoc c¢b dinh trong hér} hop gel bang phuong phap axit boric véi cac ndng do
GO khac nhau. Hon hgp gel bao gom gom 15% PVA (Kuraray Co.,ltd An D9, do tp‘mg hop la
2000) va 2% natri alginate (SA) (Shanghai Zhanyun Chemical Co., Ltd) da dugc hap ¢ 121 °C
trong 20 phit. Thé tich khac nhau cua dung dich GO gbe (1,5 g/L) (Jiangsu, Trung Qudc) da
dugce dua vao hdn hop PVA-SA dé dat duoc ndng d6 GO can thiét 1an luot 12 0 (GO1); 0,02
(GO2); 0,2 (GO3); 2 (GO4); 20 (GOS); 200 (GO6) mg/L. Sau do6, dung dich nay duge tron voi
mot thé tich twong duong cua bun hoat tinh. Hon hop ddng nhat dugc nho giot vao dung dich
B(OH); va CaCl, 2% dé tao thanh hat hinh cau va ngam trong 1 gid két hop khudy nhe nhang.
Sau do, cég hat dugc chuyén sang dung dich natri sunfat 0,5 M va ngﬁm’ trong 1 gio & nhiét do
phong. Cudi cung, hat gel dugc lam sach va bdo quan & 4 °C trong nude cat [14].

2.3. Dic trung cua hat gel
2.3.1. D¢ tron cua hat gel

Mot chiéc kinh hién vi dién tir (Dino-Lite Digital Microscope) dugc sir dung dé chup hinh anh
cta hat gel. Kinh thudc va hinh dang co ban cua hat gel sau do s€ dugc phan tich bang phan
mém chuyén dung (Dino lite capture 2.0) da dugc ket n6i voi kinh hién vi. Cac gia tri do duoc s&
str dung d¢ tinh toan do tron cua hat gel (sphericity factor (SF)) theo cong thue (1). Theo cong
thirc nay, hinh cau chuan s€ co6 gia tri SF 1a 0 [15, 16].

SF = dmax - dmin (1)
. , dmax + dmin . , )
Trong d0, dmax 18 duong kinh t61 da cta hat gel va dn 1& duong kinh t6i thiéu.
2.3.2. Ty I¢ truvong no

Trong thi nghiém nay, 20 hat gel mdi loai s& duoc dua vao cdc thily tinh 100 ml chtra 80 ml
nude. Mbi coe s& duoc khudy déu bang may khudy tir trong thoi gian 7 ngay ¢ nhiét d6 phong va
kich thudc cac hat gel s& dugc kiém tra hang ngay bang kinh hién vi dién tar dé tinh toan do
truong nd theo cong thirc sau [6, 17]:

V,—V
SR=--""2100% )

o
Trong d6, Vo va V; la thé tich hat vao ngay dau tién va ngay cudi cung ctia dugc ngam.
2.3.3. D¢ bén co hoc

Mot cde 500 mL, chira 100 hat gel va 100 mL nudc cit duoc khudy & tbe d6 1000 vong/phut
trong 10 phdt. Tde d khudy 1a 1000 vong/pht. Trong qua trinh khudy, do hat gel c6 d dan hoi
tdt nén chi bi cit thanh nhitng manh vun nho trong khi toan bo cAu tric cua hat gel van duogc gilt
nguyén. Cac manh vun cua hat gel co thé 1am ting nong d6 chét hitu co trong nude cit ban dau
[18]. Do d6, tong nhu ciu oxy hoa hoc (TCOD) da duoc sir dung dé dai dién cho d bén co hoc
ctia hat gel. Cu thé, sau khi ding khuay tron va cac hat gel con nguyén ven ling hoan toan, tién
hanh thu thap 2 ml dung dich sau ling dé phan tich TCOD theo phuong phap tiéu chuan [19].
Phép do duoc lap lai 3 1an va lay két qua trung binh.

2.4. Panh gi4 kha nang ung dung trong xir ly nuwdéc thai
2.4.1. Kha néng hdp thu xanh methylen
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Dé udc tinh kha ning hap thy, cac hat gel dugc can va ngdm trong dung dich 20 mg/L xanh
methylen (MB). Sau d6, phan dung dich sau ling duoc thu thap dé xac dinh kha ning hap thy
bang cach str dung may quang phé UV-Vis (HACH DR600) & budc séng 665 nm. Nhiing thay
d6i vé kha nang hap thu da dugc ghi lai dé tinh hé s hip thu (qus) va ty 1¢ xir Iy MB (Rug, bang
cac phuong trinh sau [20]:

° ~Ce 1000 @)

(Co— Ce) , (4)

Ryp =

dup =
Trong d6: Co (Mg/L) va C. (mg/L) lan luot 14 nong d6 ban du va tai trang thai can bang cua
dung dich MB; V (L) la thé tich ctia dung dich MB; va m (g) la trong lugng cua hat gel.
2.4.2. Toc dé hdp thu oxy - oxygen uptake rate (OUR)

Mot bé xir Iy chira 800 mL nudc thai gia 1ap (250 mg/L COD va 25 mg/L NH,"-N) dugc bd
sung 200 mL hat gel. Nudc thai gia lép cling s€ chira cac thanh phan dinh dudng va nguyén t6 vi
luong can thiét khac cho vi sinh vat [19]. Trudc khi van hanh, bé xir 1y duoc suc khi dén khi dat
trang thai bio hoa oxy. Sau do6, ding suc khi va tién hanh theo ddi sy thay d6i cua ndng do oxy
hoa tan (DO) bang cach st dung thiét bi do DO (YSI5000-230V). Su bién thién cia DO duoc
theo ddi lién tuc theo thoi gian thuc va duoc biéu dién dudi dang dudong cong DO-t. OUR dugc
tinh theo phuong trinh sau [21]:

DO, — DO, (5)

t, —t

Trong d6: OUR Ia toc d6 tiéu thu oxy (mgO,/L. phat); DO, va DO, la ndng d6 DO b&o hoa va
ndng d6 DO cudi cung; t 12 thoi gian, phut.

2.5. Phén tich thong ké

Cac phép phan tich thong ké dugc thuc hién bang phan mém SPSS IBM 26. Kiém dinh
Kolmogorov Smirnov dugc st dung dé kiém tra phan bd cua dir lidu. T-test va ONE way-
ANOVA duoc sir dung dé so sanh sy khac biét giira cac két qua trong céc thi nghiém khac nhau.
Kiém dinh Tukey duoc sir dung dé xac dinh su khac biét dang ké gitia cac nhom. Tét ca céc thu
nghiém duoc thyc hién ¢ gia tri R? = 99,95%.

3. KET QUA VA THAO LUAN
3.1. Anh hwéng ciia nong d9 GO téi dd tron cia hat gel

Hat gel duoc coi 13 hinh cau khi hé s6 SF duéi 0,05. Gia tri SF 1én dén 0,1 tuong Gmg véi
céc hat gel co hinh thon dai [22]. Hau hét cac hat gel thu duoc trong nghién ctru gan voi hinh
dang thon dai véi dudng kinh trung binh 1a tir 3,5 mm dén 4 mm. Nguyén nhan cé thé do
khoang céach tir du nho giot dung dich polyme t6i bé mit cua dung dich chira tic nhan lién két
ngang hodc do do nhot ciia hdn hop gel. Ngoai ra, két qua ciing cho thay cac hat gel ¢6 nong
do GO 1a 0,2 mg/L va 200 mg/L (p<0,05) co su khac biét dang ké vé SF, twong tng la
0,23+0,01 va 0,17+0,01 (hinh 1).

3.2. Anh hwéng ciia ndng do GO téi d9 trwong né cita hat gel

OUR =

Viéc xac dinh d truong nd (SR) cua hat gel PVA/SA trong nudc can thiét dé dam bao do 6n
dinh cao khi duoc sur dung lién tuc trong moéi tredng nude thai. PO treong né cia céac loai hat gel
khéc nhau dugc hién thi trong hinh 2. Gia tri SR cta hat GO3 1 16n nhét trong tat ca cac két qua
nghién ciru dat 324,67+3,3%. C6 hai ly do cho két qua nay: (1) nano GO Ia vét liéu wa nude va
chira nhiéu nhém -COOH va -OH, c6 thé hinh thanh lién két hydro voéi nuéc va do d6 lam cho
hydrogel két hop voi nhidu phéan tir nude hon [10], (2) do mure do lién két ngang vat 1y thap cua
PVA [23].
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Tuy nhién, ty 1& truong né tdi da cua hat gel PVA/SA/GO giam khi GO dugc ting tir 0,2 dén
200 mg/L. SR cua hat gel GOG6 1a 231+2,16%, thap hon 1,35 lan so véi GOI, 1a 313+2,94% va
thap hon 1,2 14n so v&i mau hat gel ché tao cing diéu kién trong nghién ciru ciia Takei va cong
su [11]. Cac nhém —COOH va —OH trén cac tim nano GO ciing c6 thé hinh thanh céac lién két
hydro véi cac dai phan tir PVA [24]. Su twong tac lién quan giita cac chudi polyme PVA/SA va
tam nano GO c6 thé han ché sy hip thu nude ctua gel PVA/SA trong méi truong nudc thai [25].
Do d6, dudng kinh cta cac hat giam, twong duong v6i SR thap hon. Bén canh d6, mot sé két qua
dugc hién thi trong bang 1 cho thdy mdi twong quan dang ké giita ndng d6 GO trong PVA/SA va
gia tri SR.
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Hinh 1. Hinh dang va SF ciia cdc hat gel tir GO1 dén GO6 sau khi dwoc ché tao.
Bing 1. Moi twong quan gitta nong dg SR va GO trong hat gel PVA/SA.

SR GO
SR Tuong quan Pearson 1 -.856
Sig. (2-tail) .000
N 18 18
Noéng dép GO Tuong quan Pearson -.856 1
Sig. (2-tail) .000
N 18 18

** Tyong quan la dang ké & mic 0,01 (2-tail).
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Hinh 2. SR cuia hat gel ¢6 nong dé GO khdc nhau.
Dir liéu dweoc trinh bay dwoi dang gia tri trung binh (n = 3).
3.3. Anh hwéng ciia ndng d6 GO doi véi dd bén co hoc ciia hat gel
Két qua phan tich cho thdy, do bén co hoc (hinh 3) dd dugc cai thién khi ham lwong GO duoc
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tang tir 0 1én 200 mg/L. D6 bén co hoc cao nhit (PVA/SA/GO véi 200 mg/L GO) tuong duwong
v6i gia tri TCOD thap nhét ctia dung dich sau khudy (TCOD = 34,33%1,7). Nguoc lai, d6 bén
thip nhat 1a ciia cac hat GO1 (véi TCOD = 160,67+2,49 mg/L). Mbi tuong quan déng ké giira
ndéng do GO va dd bén co hoc ciing dugc quan sat thiy trong bang 2. Morimune va cong su bao
céo rang GO khéng c6 anh huong 16 rang dén do két tinh ciia PVA/GO [26]. Cac nhém chirc
nang hydroxyl va carboxyl trén cac mit phang co ban va cac canh ciia GO rat phu hop dé hinh
thanh cac twong tic manh mé& v&i cac nhom hydroxyl trén cac dai phan tir PVA. Diéu nay cung
cip kha ning phan tan luc t6t gitra PVA va cac tim nano GO va gilp ting cudng do bén co hoc.
Tuy nhién, Tao cheng-an va cong sy dd quan sat dugce rang khi ham lugng GO 16n hon 200
mg/L, cac tim GO bi xép chong va khong thé phan tan hoan toan vao dung dich PVA. Diéu nay
dan t6i thiéu lién két hydro giita cac tim GO va lam suy yéu cac hiéu Gng ting cudng ciia GO
dbi véi tinh chat co hoc hdn hgp PVA/GO [10].
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Hinh 3. Bé bén co hoc ciia hat gel ¢ cac néng do GO khac nhau.
Bing 2. Méi twong quan giita do bén co hoc va nong dg GO trong hat gel PVA/SA.

Néng djp GO Dé bén
Tuong quan Pearson 1 -6117
Néng dp GO Sig. (2 tail) .007
N 18 18
Tuong quan Pearson 611" 1
Dj bén Sig. (2 tail) .007
N 18 18

** Tyong quan la ddng ké & muc tin cay 0,01 (2 tail).

3.4. Anh huéng ciia nong d9 GO téi kha niing hip thu xanh methylen va téc d9 tiéu thu oxy
cuia hat gel

Xir Iy amonia 1d mot trong nhing vai tro chinh cuia giai doan xtr 1y hiéu khi. Amoni thuong
tdn tai trong nude & dang ion duong NH,", dic diém nay tuong ty nhu MB. Trong khi d6, cac hat
PVA/SA dugc dic trung boi mot s6 lwong 16n cac nhom hydroxyl, vi vay, kha ning hip thu
thubc nhugm MB bang hat gel bi anh hudng boi cac tuong tac tinh dién. Nhu vay, thir nghiém
nay c6 thé giup ude tinh dwoc kha ning hap thu chat dinh dudng cua cac hat gel khi 4p dung
trong thuc té.

Két qua cho thiy, viéc bd sung GO vao hat gel PVA/SA khong giy ra su khac biét dang ké
vé kha nang hap thu (que) va ty 18 loai MB (Rws). Tat ca cac loai hat gel déu thé hién kha ning
hép thu tt véi thubc nhuom cation. Hé s6 hap thu cao nhat da duoc ghi nhan véi hat gel GO5
(0,8795 mg/g) va ty 1& xir 1y cao nhat dugc ghi nhan véi GO5 va GOB6. Phan tich thdng ké cho
thdy sy khac biét trong cac gia tri nay khong co nhidu mdi lién hé véi nong do GO (p>0,05).
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Anna BanachWisniewska va cong su [25] ciing cho rang nhiét do thé anh huong déng ké t6i kha
ning hap thu MB, chir khong phai GO.

Hinh 5 cho thiy su thay d6i cta gia tri DO sau 20 phit thir nghiém véi cac hat gel. Su suy
giam néng d6 DO chu yéu xay ra do hoat dong cua vi sinh vat dugc ¢ dinh. Téc do tiéu thu DO
cang nhanh chtng to hoat dong cia cac vi sinh vat s& cang manh. Diéu nay duoc thé hién rd
khi so sanh gia tri OUR giita cac hat gel GO1 va GO6. Gia tri OUR cua hat gel GO6 cao hon so
voi hat gel GO1 va cao hon két qua trong nghién ctru Zhang [21]. Két qua nay cho thiy, cac vi
sinh vat van hoat dong tt sau khi duoc ¢d dinh va viéc bd sung GO vao cau tric cia hat gel da
khong lam &nh huong ti€u cuc tdi hoat dong ctia céc vi sinh vat nay. Nhu vay, véi do bén co hoc
t6t, hat gel PVA/SA/GO vira ¢6 thé bao vé cac vi sinh vét dugce cb dinh, gitp duy tri nong do
sinh khéi, vira dam bao kha nang cung cap dinh dudng cho vi sinh vat. Nhiing déac diém nay giup
PVA/SA/GO c6 tiém nang dé tmg dung trong cac bé sinh hoc xir 1y nudc thai.
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Hinh 4. Hé 56 hdp thu (qug) va ty 1é xir Iy MB (Rug) ciia cdc hat gel ¢ nong dé GO khdc nhau.
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Hinh 5. Puong cong DO-t ciia hat gel tir GO1 dén GO6 trong méi truong nude thai gia ldp cé
gid tri COD la 250 mg/L va 25 mgN/L NH,*-N.
Bdng 3. So sanh OUR cuia hai loai hat gel GO1 va GO6.

Loai hat DO; (mg/L) DO, (mg/L) t, - t; (Min) OUR (mg/L/min)
GOl 8,43 4,18 20 0,21
GO6 8,33 2,13 20 0,31
4. KET LUAN

Két qua trong nghién ciru nay da cho thy, viéc bd sung GO trong qua trinh ché tao da giap
tang cuong dd bén co hoc cua hat gel PVA/SA. Cac hat gel PVA/SA ¢6 d0 bén co hoc tot nhat
khi nong ¢ GO 1a 200 mg/L (GO6) tng voi do truong né thap nhat (231+2,16%). Bén canh do,
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viéc bd sung GO khong anh huong dén mot sé tinh chit vat Iy khac cua hat gel PVA/SA bao
gdm do tron va kha ning hap thy MB. Khi cic hat gel PVA/SA/GO dugc thir nghiém trong quéa
trinh xtr Iy nudce thai gia lap, két qua cho théy khong c6 su uc ché ctia GO téi hoat dong cua vi
sinh vat da duoc ¢b dinh trong cAu tric cac hat gel. Nhu vay, PVA/SA/GO c6 thé 1a mot cong
nghé day hira hen tng dung trong qué trinh xir 1y cac loai nudc thai c6 thé xir Iy bang con dudng
sinh hoc.

Loi cam on: Nghién civu ndy dwoc thiee hién trong khudn kho dé tai nghién ciru ciia Nghién ciru sinh
Nguyén Vin Tuyén dwoc tdi tro boi tdp doan Vingroup va hé tro boi chuwong trinh hoc bong dao tao thac
si, tién si trong nwée cia Quy Poi méi sing tao Vingroup (VINIF), Vién Nghién ciru Dit liéu lom
(VinBigdata), ma sé 2020.TS.57.
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ABSTRACT

Research on enhancing the mechanical strength of polyvinyl alcohol/sodium alginate gel
beads applied in biological wastewater treatment

This study investigated a new type of polyvinyl alcohol-sodium alginate (PVA/SA) gel
beads for immobilization of activated sludge biomass. Gel beads are made from PVA, SA,
and graphene oxide (GO) with different concentrations of GO (0.02, 0.2; 2; 20 and 200
mg/L). The results showed that the basic properties, including the roundness and
expansion rate of the gel beads, did not differ significantly between the GO
concentrations. At the same time, the higher the concentration of go, the more it improves
the mechanical strength of the gel beads. The highest strength was when GO levels
reached 200 mg/L. At the same concentration, the gel beads achieved the highest
methylene blue absorption capacity (91.2%) and the fastest oxygen consumption rate (0.31
mg/L/min) compared to PVA/SA gel beads without GO. This result initially demonstrated
that the addition of GO is an effective way to enhance the mechanical strength of PVA/SA
gel beads.

Keywords: Graphene oxide; Polyvinyl alcohol-sodium alginate; Immobilization; Activated sludge; Carrier.
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