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Abstract: This study presents the development of a porous HDPE/PEO-based biochip carrier
enhanced with maleic anhydride-grafted polyethylene (PEgMA) for domestic wastewater
treatment using Moving Bed Biofilm Reactor (MBBR) technology. The incorporation of
hydrophilic PEO and PEgMA improved microbial compatibility by enhancing hydrophilicity and
surface interaction. The optimized carrier achieved a density of 0.61 g/cm?3, 40.48% porosity, and
pore sizes ranging from 50-500 um. After 8 weeks of operation at Hung Yen Eye Hospital,
the system achieved 99.8% ammonium removal and met national discharge standards
(QCVN 14:2008/BTNMT). The study confirms the potential of HDPE/PEgMA/PEQ carriers as
high-efficiency, scalable solutions for sustainable domestic wastewater treatment using MBBR systems.
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Ché tao gia thé biochip xbp trén nén nhya HDPE
co tinh tuong thich vi sinh dinh hudng xu ly nude thai
sinh hoat bang cong ngh¢ MBBR
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Tém tit: Trong nghién ciru nay, gia thé xbp trén nén polyetylen ti trong cao/polyetylen oxit
(HDPE/PEO) dugc ché tao va tmg dung trong xir Iy nudce thai sinh hoat theo cong nghé MBBR tai
Bénh vién Mit Hung Yén. PEgMA dugc st dung lam chat twong hop nham cai thién kha ning
phan tén cua PEO trong nén HDPE, tir d6 ting cudng tinh wa nudc va kha ning bam dinh, phat
trién vi sinh vat trén gia thé. Gia thé thu duge co khéi luong riéng la 0,61 g/em?, do x6p dat
40,48% véi kich thude 16 50-500 pm. Sau 8 tudn xu 1y, hiéu suat loai bo NH4* dat 99,8%, cac chi
tiéu pH, BOD, TSS, NH4* va NOs™ déu déap tmng tiéu chudn QCVN 14:2008/BTNMT. Két qué cho
thiy gia thé HDPE/PegMA/PEO c6 tiém ning tng dung cao trong cong nghé MBBR, gbp phan
nang cao hiéu qua va bén virng trong xtr Iy nudc thai sinh hoat.

Tir khéa: Biochip, vat liéu xtr Iy nudc thai, gia thé HDPE/PEO, MBBR.

1. Mé dau

Nudc thai sinh hoat ndi chung ¢6 chira cac
thanh phan va dic tinh rat phirc tap, bao gém
ham lugng hiru co dé phan huy, chat rin lo
limg, ddu md, xa phong, ngoai ra con c6 thé
chira vi khudn, mam bénh, hoa chat, dung
méi,... do d6 nuée thai sinh hoat can phai duoc
xtr 1y nhanh chong va triét dé. Cac ky thuat xir
Iy nude thai khac nhau da dugce thuc hién nhu:
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vat 1y, hoa hoc, sinh hoc,... Su ra doi ciia cong
nghé bé phan Gmg mang vi sinh chuyén dong
(MBBR) da cai thién kha nang xu ly nudc thai
sinh hoat v&i vu diém: loai bo hiéu qua cac chét
hitu co va chat dinh dudng nhung giam thiéu
dugc niang luong va toi wu khong gian xir 1y, ...
[1]. Do vay, cong nghé nay cé thé lip dat dé xir
1y nuéc thai sinh hoat c6 d6 6 nhiém cao trong
khong gian chat hep nhu: nha hang, bénh vién,
truong hoc,...

Quy trinh MBBR di tan dung dwoc uu diém
cia quy trinh bun hoat tinh (ASP), trong do
cung cap moi truong hd trg dé ting cuong sy
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phat trién cua vi khuan [2, 3]. Trong ASP, cac
hoat dong sinh hoc dién ra ¢ dang lo limg thong
qua qua trinh syc khi. Ngugc lai, MBBR st
dung cac chit mang chuyén dong dé hd tro
mang sinh hoc, phan phdi chung khip bé phan
ung va tang thoi gian luu tra cia vi sinh vat so
v6i ASP. Piéu nay dan dén viéc loai bo chat
gdy 6 nhiém duoc cai thién dang ké [2, 4].
Ngoai ra, quy trinh MBBR khong tuan hoan
bun nho kha ning giit lai sinh khdi higu qua
hon [5]. Cac hé théng MBBR dugc thiét ké
twong tu nhu cac hé théng bun hoat tinh c6 suc
khi gitp cac gia thé nhya nudi giit cac vi sinh
vat va thu giit bun. Nhimg gia thé nay cung cip
dién tich bé mit bén trong 16n, gitp ting cudng
hiéu qua tiép xuc giira nude thai, khong khi va
vi sinh vat, tir 46 ning cao hiéu suat xir 1y.

Trong s céc loai gia thé dugc sir dung phd
bién hién nay trong céng nghé MBBR, cac gia
thé dang x6p dang duoc cac nha khoa hoc quan
tam nho cac dic diém ndi bat nhu: giam dugc
thé tich bé phan tng; hé vi sinh phat trién 6n
dinh, tai trong xu ly hitu co cao; thuan tién
trong vén hanh, gia thé it bi tic nghén, co thé
mo rong coéng suat xir 1y mot cach dé dang
[6-9]. Hiéu suit cua céng nghé MBBR phu
thudc vao cau trac, do xép cua gia thé dé lam
sao mang dugc mot lugng vi sinh lon nhét trén
cung mot thé tich.

Hién nay, trén thé gidi, nghién ctru str dung
cong nghé MBBR véi lua chon cac gia thé khac
nhau cho xur Iy nudc thai sinh hoat da dugc tién
hanh nghién ctru [10-12]. Tac gia M. Levstek
va cac cong su [13] da ché tao sinh khéi cau
PVA ¢ dang gel cho xtr Iy nudc thai, nhém
nghién ciru di tién hanh so sanh kha niang xir ly
cla gia thé gel PVA (2500 m?/m3) va gia thé
Kaldnes K1 hinh tru (dién tich bé mat riéng
550 m?/m3) dé 1am rd dién tich bé mat hiéu qua
cho sy phat trién cua mang sinh hoc trén gia
thé. Két qua thu duoc cho thiy thé tich s dung
khdi cau gel PVA dua vao thap hon (9,7%) so
v6i thé tich gia thé Kaldnes K1 (37%) da duoc
sir dung, nhung cho tc d6 xur 1y t6t hon gia thé
Kaldnes K1 hinh try. Dé lam rd hon sy anh
hudng cua dién tich bé mit trén gia thé dén sy
phat trién mang sinh hoc, nhom nghién ctru
Meta Levstek [13] d wdc tinh dién tich bé mat

. (20...) 1-14 3

hiéu qua cioa gia thé gel PVA hinh cau
(Kuraray) trong viéc duy tri sinh khéi tu dudng
va di dudng. Nhom tac gia da s dung phan
mém md phong GPS-X (Hydromantis) dé phan
tich, so sanh kha nang xur Iy cta cac gia thé gel
PVA véi dién tich bé mat khac nhau trén cing
véi dit liéu thyc nghiém thu dugc. Cac nghién
ctru dd cong bd cho thiy viéc sir dung gia thé
khac nhau banh xe, gel, dang ciu c6 kha ning
xtr 1y nudc thai [13]. Tuy nhién, cac loai
nay con c6 han ché la dién tich bé mat thap
(< 2500 m?/m?), dan téi tai lugng xtr Iy cac chét
6 nhidm con thap.

Gia thé dang x6p dia det trén nén nhua
polyetylen ti trong cao (HDPE) dang dugc phat
trién thé hién nhiéu vu diém vuot trdi nhu dién
tich bé mat 1én toi 5000 m?/m? gilp nang cao
hiéu suit lam viéc cua hé MBBR [14]. Tuy
nhién, hién nay chua c6 nhiéu nghién ctru dé
cap dén ché tao va danh gia kha ning lam viéc
cuia gia thé dia det trén nén nhwa HDPE cho van
dé xir Iy nuéc thai sinh hoat. Trong nghién ciru
cua Qing Xl va cac cong sy [15], qué trinh tao
x6p cho nén nhwa HDPE bang phu gia tao x6p
hoa hoc (CFA) da dugc tién hanh. Nghién ciru
nay tap trung vao viéc khdo sat hinh thai cu
trdc cua PE x0p khi st dung cac loai CFA nhu
BIH40, natri bicacbonat, FP va Celogen-OT.
Tac gid da su dung thiét bi dun mot truc
Brabender dé ché tao cac mau xdp voi khoang
nhiét dugc thiét 1ap 1an luot 1a 170 °C, 180 °C
va 190 °C. Trong s cac chét tao x6p dugc thir
nghiém, Celogen-OT ¢ ham luong 1,5% khdi
luong cho thdy hiéu qua tao x8p cao nhét trén nén
nhya polyetylen nguyén sinh. Céc phu gia khac
nhu FP, Celogen—AZNP va EX210 ciing thé hién
tiém nang trong viéc phat trién cu trac x0p.

Hién nay phan 16n cac gia thé sinh hoc da
nghién ctru va thuong mai dugc lam béng nhyua
nhu polyetylen va polypropylen do yéu cau ti
trong trong nude tr 0,6 - 0,8. Vat li€u nay co
mot s& han ché nhu: tinh ki nudc cao va ai luc
sinh hoc kém, do vay lam cac mang sinh hoc
phat trién cham va d& dang tach ra. Pé khéc
phuc nhuoc diém d6, viéc bién tinh bé mat 1a
can thiét dé ting d6 nham va kha ning tuong
thich sinh hoc cua vat li¢u. Tuy nhién, chua co
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nghién ctru nao dé cap tdi viée su dung cac phu
gia c6 kha ning wa nudc trong viéc phdi tron
v6i nhya nén HDPE Viéc giam tinh ki nudc
giup gla thé trén nén HDPE c6 kha ning di
chuyén trong méi truong nudc tét hon, giup
tang hi€u qua xtr 1y nudc thai.

Trong khi d6, polyetylen oxit (PEO) dugc
biét dén c6 d6 phan cuc cao, nhd cdu tric co
chtra nhiéu nhom OH c6 thé giam kha ning ki
nudc cua gia thé HDPE. Bén canh d6, sy kha
ning tan tét cuia PEO trong nudc c6 thé cung
cAp ngudn cacbon gitp vi sinh vét phat trién.
Huang va céc cong su [16] da dénh gida qua
trinh phan huay sinh hoc hiéu khi va ky khi cua
PEO trong mot mo hinh xir 1y nudc thai s
dung vi khuan bun tir nha may dét Xiamen
Terylene. Trong diéu kién hiéu khi, ca ba loai
PEO (PEO 600, 6000 va 20000) déu bi phan
huy khoang 80% trong 5 ngay, bat ké sy da
dang v& MW. Trong diéu kién ky khi, PEO 600
bi phan huy khoang 50% trong 9 ngay, PEO
6000 khoang 40% trong 10 ngay va PEO 20000
khoang 80% trong 6 ngay. Nghién cliu nay
chung minh 16 rang kha nang cua vi sinh vat
trong bun hoat tinh st dung PEO 1am ngudn
carbon. Trong nghién ctru khiac cua
Guntenberger [17] ciing cho thiy PEO duoc
bién tinh trén bé mat than hoat tinh tao diéu
kién thuan lgi cho sy hinh thanh mang sinh hoc
hodc tr¢ thanh nguén carbon cuc bd khi cac vi
sinh vat c¢6 kha ning phan hay PEO bam vao bé
mat. Tir cac nghién ctru trén cho thiy, PEO co
thé giup nén HDPE cai thién kha ning tuong
hop, nang cao kha ning sinh truong, phat trién
va bam dinh cua vi sinh vat. Tuy nhién do d6
phan cyc gitra HDPE va PEO khac nhau c6 thé
gdy ra phan tach pha trong qué trinh ché tao.
Chat twong hgp polyetylen ghép maleic
anhydrit (PegMA) duoc st dung dé cai thién
kha ning phan tan ciia PEO va cai thién sy két
dinh gitta cic thanh phan cua vat lidu. Vat liéu
sau khi ché tao dugc dénh gia hidu qua qua viéc
xtr ly nudc thai sinh hoat cia Bénh vién Mt
Hung Yén nhiam muc dich dinh hudng xi ly
amoni trudc khi dén ngudn tiép nhan.
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2. Thyc nghiém
2.1. Héa chat

Nhya polyetylen ti trong cao (HDPE), LG
Chemical, Han Quoc ¢6 khdi lugng riéng 1a
0,945 g/lcm® chit tao ndé azodicacbonat
(AC 3000F) cung cap boéi hing Kum Yang,
Trung Qudc; chét chng xep Hari 95, Rikevita
(M) SDN BDH, Malaysia; Polyetylen oxit
(PEO), Sigma-Aldrich, My; Polyetylen ghép
maleic anhydrit (PEgMA), Sigma-Aldrich, My.

Chung vi sinh Microbe-Lift N1 c6 mat do vi
sinh: 1-10% vi sinh/ml dugc san xuit béi
hang Ecological Laboratories Inc., USA.
Microbe-Lift N1 bao gdm hdn hop 2 chung vi
sinh vat 1a Nitrosomonas sp (cho chuyén héa
ammonia thanh nitrit) va Nitrobacter sp (cho
chuyén hoa nitrit thanh nitrat).

2.2. Thyc nghiém

2.2.1. Ché tao gia thé¢ HDPE dang xdp voi ti
1€ PEgMA/PEO khac nhau

Hon hop gém nhya nén HDPE, chét tao né
AC 3000F, Hari 95, PEgMA, PEO duoc tron
déu voi nhau. Trong d6, hdn hop PEgMA: PEO
theo ti 1€ 1:1, ham luong PEO trong khoang 1; 3
va 5 %kl so v6i nhya nén HDPE. Hon hop duogc
cp vao thiét bj tron néng chay mot truc vit
Poly Haake (Ptic) véi didu kién gia cong nhu
sau: toc do truc quay 1a 50 vong/phit, nhiét do
tai cac khoang tron la 140 °C, 150 °C va 160 °C.
Hdn hop nong chay di qua khuén tao xop co
duong kinh 30 mm voi nhiét @6 khuon 1a 170 °C.
Sau khi dugc dun ra, mau dugc lam ngudi va on
dinh tai nhiét d0 phong trong 24 gid trudc khi
cit thanh dia x6p det v6i do day 1 + 0,01 mm
(nhu trinh bay trén Hinh 1).

Hinh 1. (a) Thiét bi dun ché tao xdp HDPE/PEO;
(b) san pham gia thé xop tao thanh.
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2.2.2. Nudi cdy vi sinh trén gia thé HDPE

Vi sinh dugc nudi ciy 1én trén cac miu gia
thé trong bé kinh c¢6 suc khi, st dung nudc thai
nhan tao dugc pha tir ngudn nudc cat 1 1an dé
tao moi truong 6 nhiém tuong ty nhu nudc thai
sinh hoat (véi ndng do NH4* ~ 50 mgN/I, BODs
~ 200 mg/1) c6 thanh phan nhu sau: thé tich can
pha 200 lit; Nong d6 amoni C, = 50 mg/I (NH,*
tinh theo N); Ham luvgng BODs = 200 mg/I.

Béng 1. Thanh phén vat liéu ché tao gia thé x6p

HDPE/PegMA/PEQO
. Phan trim khdi luong (%kl)

Tgn Hari
mau | HDPE| AC3000F| "o-" |PEQMAPEQ
PEGO | 97 2 1 - -
PEG1 | 95 2 1 1 1
PEG3 | 91 2 1 3 3
PEG5 | 87 2 1 5 5

Cic miu gia thé sau khi duwoc nudi ciy
trong thoi gian 30 ngay s€ dugc danh gia kha
ning bam dinh cta vi sinh 1én trén bé mit
gia thé.

Hinh Error! No text of specified style in
document.. Qua trinh nuéi cay vi sinh 1én trén gia
thé.

2.2.3. M6 hinh xtr ly nudc thai sinh hoat
theo cong nghé MBBR quy mé phong thi
nghiém st dung gia thé x6p PE voi cong suat
xu ly 2 -10 lit/gio

Mo hinh xir ly nude thai sinh hoat c6 cong
suét tir 2 - 10 lit/gio duoc trinh bay nhu Hinh 3.
Thiét ké h¢ thong vé6i thong s6 6 nhiém dau vao
trén nén nudc thai bénh vién mit Hung Yén:
NH4*= 41,5 mgN/l; BOD =830 mgO2/I.

Ban déu, 200 lit nude thai sinh hoat 14y tir
Bénh vién méit Hung Yén duoc cip vao bé didu
hoa. Tiép theo, bd sung 6 lit gia thé vao mdi bé
thiéu khi va hiéu khi. Sau d6 cap ham luong vi
sinh vao bé xir 1y vi sinh hiéu khi theo thoi
gian: Ngay 1 va 2 st dung tr 40 — 80 ml/m3
(chon: 60 ml/m3); Ngay 3 dén 7 st dung tur
10 - 20 ml/m? (chon: 15 ml/m3); Ngay 8 dén 30
st dung tir 2 — 5 ml/m? (chon: 4 ml/m®).

Luong vi sinh nudi cdy cho mo hinh thi
nghiém. Thé tich ctia cdc bé vi sinh cua mo
hinh: thé tich bé thiéu khi: 45 lit (chiéu cao hiéu
dung 40 cm/chiéu cao téng 1a 50 cm) = thé tich
hiéu dung = 36 it; Thé tich bé hiéu khi: 90 lit
chiu cao hiéu dung 40 cm/chiéu cao téng la
50 cm) > thé tich hiéu dung = 72 lit.

Hinh 3. M6 hinh xt 1y nudc thai sinh hoat
cong suat 2-10 lit/gio.

Véan hanh mé hinh theo ché d6 ty dong:
bom dinh lugng va may th6i khi duoc van hanh
ludn phién 15 phiit méi may dé dam bao cip
nudc thai va khi cho vi sinh phat trién, dong
thoi dam bao tudi tho hoat dong ciia bom.

Bang 2. Thanh phan nudc thai sinh hoat 1iy tir Bénh vién Mat Hung Yén

STT Tén chi tiéu Pon vi

QCVN (ct A)

Ketqua phantich 1\ oogBTNMT
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1 pH - 6,95 5-9
2 BOD mgO./g 830 30
3 TSS mg/l 4 50
4 TDS mg/l 620 500
5 Sunfua mg/l 0,03 1
6 Amoni (NH4" mg/l 41,5 5
7 Nitrat (NO3) mg/I 66,1 30
8 Dau m& dong thyc vat mgl/l 0,48 10
9 Téng cac chit HDBM mg/l 1,17 5
10 Photphat (PO,%) mgP/I 5,0 6
11 Coliform tong VK/100 ml 15,1 3000

2.3. Cac phwong phap nghién ciru

2.3.1. Xdc dinh tinh chdt luu bién noéng chay
cua vat lieu

Danh gia tinh chat luu bién nong chay dugc
thuc hién trén thiét bi Rheomix 610 cua hang
Haake (CHLB Durc) v6i budng tron c6 thé tich
1a 69 cm® sir dung 2 truc loai Roller. Gian dd
Iru bién nong chay duoc ghi lai trén phan mém
Polylab.

2.3.2. Xéc dinh khéi lugng riéng va do x6p

Khéi luong riéng cia mau HDPE/phu gia
tao xép duogc theo tiéu chuan ASTM D792 va
tinh theo cong thic:

=2 (glem?) [1]

Trong do:

m: khéi lugng mau (g)

V: thé tich hinh try (V= nr2 h, trong d6: h 1a
d6 cao hinh try).

Do xdp 1a gia tri duge s dung dé mo ta
khoang trong hoidc lwong khéng gian tréng co
trong mot mau nhét dinh, dugc thuc hién theo
tiéu chuan ASTM ¢ cs30

Do x6p (%)== x 100 [2]

Trong do: 1V, la thé tich khoang tréng trong
mau vat liéu (Vik = Vi — Vigr ligu » trong do phan
Vot tigu duge xac dinh bang phan thé tich vat li¢u
chiém chd trong nudc).

V, 1a thé tich kh6i mau vat liéu.

2.3.3. Phuong phap phéan tich phd hong
ngoai bién ddi chudi Fourier (FT-IR)

Ghi phd FT-IR duoc tién hanh trén NEXUS
670 (M) dé xac dinh cac nhém chirc dic trung
co6 trong vat liu, tai Vién Khoa hoc vét li€u,
Vién Han lam Khoa hoc va Cong nghé Viét
Nam (IMS — VAST) véi cac diéu kién do nhu
sau: d0 phan giai 4 cm™, s 1an quét 32 lan, giai
song tir 4000 cm™ — 400 cm™.

2.3.4. Goc tiép xtic nude

Goc tiép xtc v6i nude duge do bang thiét bi
do goc tiép xac OCA 50 Hang Dataphysics -
btc su dung kich thudc giot thir nghiém la
5 uL. Thi nghiém duoc tién hanh tai
IMS — VAST.

2.3.5. Anh hién vi dién tir quét (SEM)

Kinh hién vi dién tir quét (SEM) duogc sir
dung dé phan tich hinh thai ciu tric cua céac
mau gia thé xbp HDPE/PEgMA/PEOQ. Cic miu
dugc phan tich trén thiét bi JIMS-6510LV, Jeol
(Nhat Ban) tai IMS - VAST.

2.3.6. Xac dinh kha nang bam dinh vi sinh
trén gia thé

Ham lugng vi sinh dugc xac dinh theo
phu’ong phap khdi luong, bang xac dinh %okl
clia gia thé trude Va sau khi nudi cay vi sinh.

% vi sinh = =2 x 100 (g/cm?) [3]

Trong do:

Mo: Khéi lugng gia thé ban dau

ms: Khéi luong gia thé sau khi c¢6 vi sinh
bam dinh
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2.3.7. Phan tich chat lugng nudc thai sau xir ly

Nudc thai sinh hoat dugc phan tich theo céac
tiéu chudn TCVN 6492:1999 (xac dinh pH),
TCVN 6001:1995 (phan tich nhu cau sinh hoa
oxy BOD), TCVN 6625-2000 (tong chét ran lo
lung TSS), TCVN 5988:1995 (ham lugng
amoni), TCVN 6180-1996 (Ham lugng nitrat
(NO3). Nudc thai sau xu ly phai dap tmg QC
DbP 01:2019/HY.

Hiéu qua xir ly ciia gia thé vi sinh duoc
danh gid thong qua ham lugng amoni nhu sau:

TLd=[(Co — Cy)/T] x Q luu lugng (lit/ngay)

TLv =TLdNV

Theo do,

TLd: tai lugng xtr Iy trén 1 ngay

Co. nong d6 amoni thoi diém ban dau
(41,5 mg/lit).

C:: Nong d6 amoni sau 1 ngay xu ly
(2,4 mg/lit).

T: thoi gian xur 1y trong 1 ngay

Q: luu lwong ddi voi mé hinh thir nghiém
(10 1it/gio = 240 lit/ngay)

TLv: tai luong xir Iy trén 1 don vi thé tich

V thé tich gia thé (lit) (6 lit)

3. Két qua va thio luin

3.1. Nghién ciru anh huong cua ty [¢
PEgMA/PEQ dén tinh chdt va cau triic ciia xép
PE thu dwoc

3.1.1. Anh huéng ciia ham lugng PEO dén
mo men xodn ché tao gia thé dang x6p

Anh huéng ctua ham luong poly(ethylene
oxide) (PEO) tai cac ty 1& 1, 3 va 5%kl dén dic
trung luu bién nong chay coa vat liéu
polyethylene (PE) dugc trinh bay trén Hinh 4.
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Hinh 4. Gidn d6 md-men xoén clia cic mau x6p gid
thé x6p PEG 0, PEG 1, PEG 3 va PEG 5.

Hinh 4 thé hién dudong cong luu bién
moO-men xodn cua cac mau vat liéu PE chira
ham luong PEO khac nhau. Ngay sau khi dua
hén hop vao budng tron, mo6-men X04n ting
nhanh va dat trang thai 6n dinh trong khoang
thoi gian tir 40 dén 100 gidy, phan anh qué trinh
phan tan va gia ting thé tich do sy hinh thanh
bot khi trong vét liéu. Sy gia ting thé tich nay
lam ting mo-men xodn ban dau do can tré co
hoc trong hé thong kin. Tuy nhién, khi ham
luong PEO ting, gia tri moé-men xodn c6 xu
hudng giam. Piéu nay cho thdy PEO déong vai
trd nhu mot chit bdi tron ndi tai, 1am giam do
nhét ctia hé va hd trg qua trinh phan tan chat
tao xOp trong nén HDPE, tir d6 giam tiéu hao
nang lugng trong qua trinh tron cling nhu han
ché mai mon trén truc vit. Su hién dién cua
PEO vi vay khéng chi didu chinh dic tinh luu
bién ma con cai thién kha ning gia cong cta hé
polymer xdp.

Bang 1. Pic trung nong chay cila cac mau gia

thé xop PE/PEgMA/PEO tai cac ham luong
PEO khac nhau

Thoi M6 .

. gian tao O-men Nang
Mau % xodan luong

Polm | ®)
(giay)

PEG O 83 22,7 12,94
PEG 1 107 134 7,99
PEG 3 120 6,1 5,36
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PEG 5 120 2,3 3,54

Dir liéu tir Bang 1 cho thay khi ham lugng
PEO tang, thoi gian phan tng tao bot kéo dai,
trong khi mé-men xodn va ning lugng tron
giam. Piéu nay cho thdy PEO anh huéng dén
dong hoc tao bot va cai thién kha nang gia
cong. Cu thé, PEO c6 thé 1am cham qua trinh
giai phong khi do anh huong dén phan tan va
tuong tac giita cac pha, dong thoi lam giam do
nhdt néng chay, tir d6 giam moé-men xodn va
ning luwong can thiét cho qua trinh tron
nong chay.

3.1.2. Anh huong cia ham luong PEO dén
mat do va do xop cua vat liu PE/PEgMA/PEO

Khéi lugng riéng va o xdp ciia cac mau gia
thé PE/PEgMA/PEO c6 chita PEO tai cic ham
luong khac nhau dugc tom tit trong Béang 2.
Viéc bd sung PEO dan dén khéi luong riéng
giam tir 0,65 g/cm?® xudng 0,43 g/cm? khi thém
7 %kl PEO. Nguoc lai, do xdp ting tir 30,21%
1én 64,11% khi ham lugng PEO téng.

Bang 2. Mat do va do xdp clia cdc mau gia thé xbp
PE/PEgMA/PEO tai cac ham lugng PEO khac nhau

i | S | P
PEG 0 0,65 30,21
PEG 1 0,63 35,12
PEG 3 0,61 40,48
PEG5 0,55 45,52

Sy hién dién cua PEO c6 thé anh huong dén
qua trinh tao bot trong nén HDPE do lam giam
d6 nhét nong chay, dan dén giam kha ning on
dinh c4u tric bot trong giai doan gidn nd. Khi
do nhét giam, lyc can dong chay yéu di, khién
cac bong bong khi dé hop nhat thanh 15 rong
16n hon hodc v& ra trude khi ciu tric duoc on
dinh, diéu nay dugc minh hoa rd trong Hinh 5.
Co ché nay ciing da duoc ghi nhan trong cac
nghién clru trude. Chéng han, theo Yuhui Qiao
va cong su [18], viéc bd sung PEO vao nén
poly(lactic acid)/polyamide 6 lam tang cao mat
do tao bot xop va ti 1& gidn nd so voi mau
khong sir dung PEO.

. (20...) 1-14

PEG 3 PEG 5

Hinh 5. Mit cit ngang ctia gia thé xp
PE/PEgMA/PEO vé6i ham lugng PEO khéac nhau.

Khi ham lugng PEO nam trong khoang
1-3%, cu tric bot duy tri 6n dinh véi mang 16
x6p dong déu. Vuot qua 3%, xay ra hién tuong
hop nhit 18 x6p, lam xuat hién céc 16 16n khong
dong nhit. Sy bit dong déu nay giy suy giam
do bén co hoc va anh hudng tiéu cuc dén tinh
6n dinh hinh thai cua vat liéu.

3.1.3. Pho hong ngoai bién doi Fourier (FT-IR)

Ph6 FT-IR cua gia thé xbp PE/PEgMA/PEO
¢6 thanh phan khac nhau duoc trinh bay trong
Hinh 6. Su dich chuyén cua cac nhom chuc
trong cac mau duoc tom tit trong Bang 3. Bén
canh cac sb séng dic trung cho lién két -CH,-
CH,- trong HDPE duoc quan sat tai 2921 cm™,
2851 cm™, 1468 cm™ va 725 cm™[19]. phd IR
ctia cac mau PEG1, PEG3 va PEGS5 con Xuét
hién mot s6 pic méi khi so sanh v6i PEGO. Cu
thé, trén pho IR cia mdu PEG1 va PEG3 xuat
hién dao dong mai tai ) song 1115 cm™ duoc
cho 1a ctia dao dong hda tri cia nhém chire C-O
trong PEgMA va PEO [20].
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Hinh 6. Phd FT-IR cua cac mau gia thé PEGO,
PEG1, PEG3 va PEGS.

Phd FT-IR ctia miu PEG5 ¢6 mat cac s6
song méi 14 dao dong hoa tri ciia lién két C=0
va C-O. Khi ting ham luong PEO trong mau,
cuong do cac pic la dao dong cua nhom chirc
C-O gdy ra tang. Hon ntta, & cac ham lugng 5%
PEO, c6 thé quan sat 16 dao dong tai 1242 cm’™
va 1006 cm? twong mg dao dong hoa tri cua
nhom C-O.

Tir phd FT-IR ciia cac miu x6p PE/PEO
dugc tom tit trong Bang 3, ciing thay cac dao
dong bién dang va dao dong ngoai mit phing
cta lién két -CH2-CHa- ¢6 su dich chuyén nhe
so twong tng trén phd FT-IR ctia mau HDPE.
Diédu nay co thé giai thich boi PEgMA d thuc
day su phan tan cia PEO vao trong nén HDPE,

céc chét nay di tuong hop véi nén PE, 1am cho
vi tri cac pic dao dong dich chuyén. RO rang,
PEgMA cai thién sy tuong tac gitta cac thanh
phan trong mau x6p PE/PEgMA/PEO.

Bang 3. Pac trung dao dong cia cac nhom chire
trong gia thé xép PE/PEgQMA/PEO

Dao | oeco | pEGL | PEG3 | PEGS
dong

2021 | 2015 | 2915 | 2921
VCH no

2851 2948 2848 2851

ScH no 1468 1464 1471 1468

YCH no 725 718 718 718
1242
vc-0 - 1115 1115
1006
Vc=0 - - - 1599

3.1.4. Anh hién vi dién tir quét (SEM)

Hinh 7 cho thidy anh SEM mit cit ngang
ctia cac mau HDPE/PEgMA/PEO & do phéong
dai 30 lan. MAu khong chita PEO (PEGO)
¢6 kich thudc 16 xép twong ddi dong nhat
(200-600 nm), trong khi cic mau c6 PEO thé
hién phan bd kich thudc 16 rong hon (50-500 nm),
do anh huong cua do nhot thdp tir PEgMA
va PEO. Khi ting ham luong pha tron
(PEG3, PEGS), xuat hién hién tugng hinh thanh
céc 16 16n lién két nhau, 1am ting do x6p tong
thé. Tuy nhién, do xép cao kéo theo khbi lugng
riéng giam, anh hudng tiéu cuc dén kha ning
phan tan trong mdi truong nude - mot yéu to
then chét trong ung dung xir Iy nudc thai. Dé
duy tri kha ning di chuyén trong diéu kién suc
khi, khung vat li¢u can cb mat do nam trong
khoang 0,6-0,8 g/cm®. Dua trén hinh thai cAu
trac, 4o x6p va khéi luong riéng, mau PEG3
duogc lya chon cho nghién cuu tiép theo.



10 M. D. Huynh et al. / VNU Journal of Science: Natural Sciences and Technology, Vol..., No.... (20...) 1-14

PEGO PEG1

PEG3 PEGS

Hinh 7. Hinh anh SEM ciia bé mat mau PE/PegMA/PEO & d6 phong dai 30 lan.

3.2. Ddnh gid kha nang xir ly nudc thai sinh
hoat cua vat liéu xop HDPE/PEgMA/PEQO

3.2.1. Anh huéng cua thanh phan vat liéu
dén goc tiép xuc nudc cia cac gia thé
HDPE/PegMA/PEO

Do dic tinh ky nudc cia polyetylen, kha
ning bam dinh sinh hoc cta vi sinh vét 1én bé
mat gia thé bi han ché trong méi truong nudc
thai. Viéc bd sung polyethylene oxide (PEO)
cai thién tinh va nudc va kha nang phan tan cua
gia thé trong pha long, tir d6 ting dién tich tiép
xtic va tao diéu kién thuin lgi cho vi sinh vat
hap phu, tiép cin co chat va phat trién sinh

PEGO

khéi. Piéu nay gop phan nang cao hiéu suét xir
1y sinh hoc cuia hé thong.

Dir liéu tir Hinh 8 cho thdy mau PEGO c6
goc tiép xtic ban dau cao (=84°), phan 4nh ban
chat ky nuéc cua nén HDPE. Viéc phdi tron
PEgMA lam giam déng ké goc tiép xtic do sy
hién dién cua nhom maleic anhydride c6 do
phén cuc cao. Khi bd sung 3% PEO, goc tiép
xuc giam sdu xubng ~68°, cho thdy su gia ting
dang ké tinh wa nudc cia bé mit. Su cai thién
nay gop phan ting cudng kha nang phan tan cua
vat liéu trong moi trudng nudc va thic ddy quéa
trinh bam dinh cta vi sinh vat, tor d6 nang cao
hi€u qua tng dung trong x1 ly sinh hoc.

PEG3

Hinh 8. Goc tiép xuc cta cac mau PEGO va PEG3.

3.2.2. Panh gia d6 bam dinh cua vi khuén
vao vat liéu xép PE

Hinh 9 cho thiy sy thay d6i mau sic rd rét
ctia nén gia thé HDPE trong qua trinh nudi ciy
vi sinh vat, tir tring sang vang va sau cung la
nau sam - dau hiéu cho théy su gia tding mat do
sinh khdi vi khudn theo thoi gian. Trang thai
mau nau ddm dugc xem la déc trung cho giai
doan phat trién bdo hoa, do d6 thoi gian nuoi
cdy 30 ngay duoc chon cho céac thir nghiém xu

Iy nu6e thai. Pé danh gia anh huong cua thanh
phan nén dén kha ning sinh truéng vi sinh, cac
mau PEGO va PEG3 duoc khao sat. Hinh 10
cho thdy miu PEG3 c6 sic d6 ndu cao hon,
phan anh sy phat trién vi sinh vat vuot troi. Két
qua nay dugc quy cho kha nang tuong thich
sinh hoc dugc cai thién nho sy hién dién cua
PEgMA va PEO, gitp t6i uu hoa méi truong
bé mat cho sy bam dinh va x4m nhap cua
vi khuan.
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Chéat nén ban dau (tring) Sau 7 ngay (vang) Sau 15 ngay (nau) Sau 30 ngay (nau sam)

Hinh 9. Sy thay d6i mau sic ciia mau PEGO theo thdi gian nudi ciy vi sinh vat.

PEGO PEG3

Hinh 10. Cac miu PEGO va PEG3 sau 30 ngay hinh thanh mang sinh hoc vi khuén.

Dé danh gia sy phat trién sinh hoc trén bé
mit chit nén, anh SEM & do phong dai 5000x
(Hinh 11) dugc sir dung cho cac mau PEGO va
PEG3. Két quéa cho thay sy khac biét rd rét vé
mat d6 va mirc do bam dinh cua vi sinh vat.
Maiu PEGO thé hién sy bam dinh han ché, trong
khi PEG3 cho thdy mat d6 vi khuan cao (anh vi
khuédn duoc khoanh tron). Piéu nay duge cho la
su cai thién tinh tuong thich sinh hoc va d¢ ua
nude cua bé mit nhd vao sy hién dién dong thoi
ctia PEgMA va PEO, tir d6 thuc day qua trinh
hap phu va phat trién sinh khdi vi khuan.
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PEG3

Hinh 11. Anh SEM bé mit cua cac mau
gi4 thé PEGO va PEG3 sau 30 ngay
thir nghiém nuéi cay vi sinh.

Bang 5 cho thidy murc thay d6i khéi luong
sau nuoi cdy sinh hoc phan anh muc do phat
trién cua vi sinh vat trén cac nén vat liéu. Mau
PEGO c6 su thay d6i khdi luong 14 2,19%, trong
khi PEG3 dat murc cao nhat 1a 3,83%, cho théy
su phat trién sinh khéi vuot troi trén nén chia
PEgMA va PEO. Két qua nay phu hop véi anh
SEM va phan tich sinh khéi, xac nhan rang viéc
su ¢6 mat cia HDPE, PEgMA va PEO cai thién
dang ké tinh twong thich sinh hoc va do wa
nudc bé mit — cac yéu t6 then chét thuc diy su
bam dinh va phat trién cua vi khuan. Do do,
PEG3 duoc xac dinh 1a cong thirc tdi wu cho
ché tao nén gia thé sinh hoc.

Bang 5. Sy bam dinh ctia vi khuan sau 30 ngay trén

cac mau PEGO va PEG3
x Ty 1¢ phan tram thay ddi
Mau trong luong (%kl)
PEGO 2,19
PEG3 3,83

3.2.3. Danh gia tai luong xir 1y ciia gia thé
x6p HDPE

Béng 6 trinh bay nong do cac chit 6 nhiém
trong nudc thai sinh hoat sau mdt ngay xu ly.
Két qua cho thay, pH ciia nudc sau xir 1y twong
d6i cao & mirc 9,05 vuot ngudng chuén tir 5-9.

. (20...) 1-14

Bang 6. Chét luong nudc thai xir 1y sau 24 gio

Chi .| Két | Cot A (QCVN
T dew | PV qua | 14:2008/BTNMT)
1 pH - 9,05 5-9
2 | BOD | mgOy/l | 77 30
3 | TSS | mg/l 3 50
Amoni
4 NHa* mg/l 2,4 5
Nitrat
5 mg/l | 36,7 30
(NO3) g

Nong do BODs la 77 mg O,/L, cao hon giéi
han quy dinh tai c6t A cia QCVN
14/2008/BTNMT 1a 47 mg Oy/L. Nong do tong
chat ran lo ling (TSS) twong dbi thap, nim
trong giéi han cia QCVN 14/2008/BTNMT
(30 mg/L), vi nude thai sinh hoat thd tir bénh
vién ¢6 nong do TSS chi 1a 4 mg/L. Sau mot
ngay xir 1y, nong d6 amoni giam xubéng con
2,4 mg/L, ching t6 qué trinh oxy hdéa amoni
clia vi sinh vat tot. Tuy nhién, qua trinh loai bo
nitrat chdm hon, dan dén néng d0 nitrat 1a
36,7 mg/L, cao hon ti€u chuén quy dinh tai cot
A ctia QCVN 14/2008/BTNMT.

Tai trong hitu co (OLR) dugc tinh toédn la
(41,5-2,4) x 240/1 ngay = 9384 mg/ngay.

* TLv =9384/6 = 1564 mg/L.

Do d6, c6 thé tinh toan rang gia thé xdp
PEG3 c6 thé hap phu 1564 mg chit 6 nhiém
trén mot lit nude thai moi ngay.

3.2.4. Panh gi4 chat lugng nudc thai sinh
hoat sau xtr Iy ¢ tuan thtr 2, 4, 6 va 8.

Bang 7 trinh bay két qua phan tich nng do
cac chit 6 nhiém trong nudce thai sinh hoat sau
khi xt ly bang cong nghé MBBR két hop gia
thé dang xdp va vi sinh vat ¢ cac thoi diém lan
luot 1a 2, 4, 6 va 8 tuén. Nong dd cac chat 6
nhim duogc xac dinh theo Quy chuan k¥ thuat
qudc gia QCVN 01:2019/HY cua tinh Hung
Yén 4p dung tai Bénh vién Mit Hung Yén, theo
cong thue sau:

Ciax = C X K X Ky

Trong do:
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Crmax. NONg d0 t6i da cho phép dbi véi cac
chét 6 nhi®m tai Bénh vién Mt Hung Yén theo
quy dinh tai QCVN 01:2019/HY.

C: Nong do cho phép cua cac chat 6 nhidm
lam co s& tinh toan Cmax theo QCVN
14:2008/BTNMT.

K: hé s6 1, ap dung dbi v6i Bénh vién Mat
Hung Yén - Thanh phé Hung Yén (twong tng
v&i cac co quan, truong hoc, vién nghién ctru co6
dién tich tir 10.000 m? tré [én).

Kny: hé s6 0,95, ap dung cho thanh phd
Hung Yén.

Bang 7. Chét lugng nude thai sinh hoat theo thoi gian xir Iy

. . . . . . QCDP Hung Yén
TT Chi tiéu Pon vi Tuan 2 Tuan 4 Tuan 6 Tuan 8
(Cmax:C X K X Khy)
1 pH - 8,08 7,57 7,67 5-9
2 BOD mgO,/I 15 13 15 28,5
3 TSS mg/l 3 2 3 47,5
4 Amoni NH4* mg/I 2,10 0,68 0,08 4,75
5 Nitrat (NOz) mg/l 4,58 12,9 5,6 28,5

Sau 2 tuan xu ly, tat ca cac thong sb bao
gém pH, BOD, TSS, amoni va nitrat déu nam
trong gidi han cho phép cua QCVN
01:2019/HY. Nuéc thai sau xir Iy c¢6 tinh kiém
nhe (pH > 7) va twong d6i 6n dinh trong sudt
qué trinh xtr ly. Tong chét ran lo ling (TSS)
cling twong doi 6n dinh. Nong d6 amoni va
nitrat giam dan theo thoi gian. Sau 8 tuan, ndng
d6 amoni con lai 1a 0,08 mg/L va néng d0 nitrat
con lai 1a 5,6 mg/L. Hiéu suét loai bo amoni
theo thoi gian dugc tinh theo cong thire sau:

%H = 100% x (Co-Ct)/Co

Trong d6: H: hiéu suat loai bo (%)

Co: ndong d6 amoni ban dau (mg/L)

Ct: nong do amoni tai thoi diém t

Két qua danh gia hiéu suét loai bo amoni tai
céc thoi diém khac nhau cho thiy hiéu suat loai
bo dugce cai thién theo thoi gian, tir 94,93% Ién
99,80% tai mbc 8 tudn. Téc do tai BOD/NH4*
tang nhanh va sau do on dinh, dat néng do vi
khudn twong tmg véi muic bdo hoa. V6i cong
sut loai bo cao nay, c6 thé mo rong cong suét
xtr 1y nudce thai ma van dap tng duoc yéu cau
nude thai dau ra cia QCHP 01:2019/HY.

Vian hanh mo hinh & luu lugng 10 1it/gio va
danh gia chat luong nude thai tai cac thoi diém
khac nhau (2, 4, 6 va 8 tuan) cho thay hiéu suat
loai bd amoni cao, dat 95% sau 2 tudn va g:?m

100% sau 8 tuan. Tét ca cac thong s6 phan tich
(pH, BOD, TSS, NH.", nitrat) déu dap ung
dugc yéu cau cia QCDP 01:2019/HY.

4. Két luan

Gi thé vi sinh trén nén HDPE da duoc bién
tinh thanh cong bang PEgMA va PEO nham cai
thién déc tinh ua nudc va kha nang tuong thich
sinh hoc. VAt liéu thu duoc c6 khbi luong riéng
0,61 g/em?, d6 xdp 40,48% va kich thude 16
x6p phan bd trong khoang 50-500 pum. Hé
thong MBBR sir dung gia thé nay cho thdy hiéu
qua loai bo amoni dat 99,8% sau 8 tudn xu ly
nudc thai tai Bénh vién Mt Hung Yén, vdi cac
thong s6 pH, BOD, TSS, NH4*va NO3™ déu dap
img tiéu chuin QCDP 01:2019/HY. Két qua
khang dinh tiém ning Gng dung thuc tién cia
hé vat liéu gia thé x6p PE/PegMA/PEO trong
XU Iy nudc thai sinh hoat.

Loi cam on

Cong trinh nay dwoc hd trg kinh phi boi
Vién Ky thuat nhiét doi (nay 1a Vién Khoa hoc
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Viét Nam.



14

M. D. Huynh et al. / VNU Journal of Science: Natural Sciences and Technology, Vol..., No.... (20...) 1-14

Tai liéu tham khao

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

Almomani, R. R. Bohsale, Optimizing Nutrient
Removal of Moving Bed Biofilm Reactor Process
using Response Surface Methodology,
Bioresource Technology, Vol. 305, 2020,
pp. 123059.

B. Rusten, L. J. Hem, H. @degaard, Nitrification
of Municipal Wastewater in Moving-Bed Biofilm
Reactors, Water Environ. Res., Vol. 67, 1995,
pp. 75-86.

V. Saravanan, T. R. Sreekrishnan, Modelling
Anaerobic Biofilm Reactors - A Review,
J. Environ, Manag., VVol. 81, 2006, pp. 1-18.

B. Rusten, B. Eikebrokk, Y. Ulgenes, E. Lygren,
Design and Operations of the Kaldnes Moving
Bed Biofilm Reactors, Aquac. Eng., Vol. 34,
2006, pp. 322-331.

J. P. Bassin, M. Dezotti, Moving Bed Biofilm
Reactor (MBBR), in: Advances in Biological
Processes for Wastewater Treatment: Emerging
and Consolidated  Technologies,  Springer
International Publishing, 2017, pp. 37-74.

I. D. Manariotis, S. G. Grigoropoulos, Anaerobic
Filter Treatment of Municipal Wastewater:
Biosolids Behavior, J. Environ. Eng.-ASCE,
Vol. 132, 2006, pp. 23-31.

L. S. Zhang, W. Z. Wu, J L. Wang,
Immobilization of Activated Sludge Using
Improved Polyvinyl Alcohol (PVA) Gel,
J. Environ. Sci., Vol. 19, 2007, pp. 1293-1297.

M. X. Loukidou, A. I. Zouboulis, Comparison of
Two Biological Treatment Processes Using
Attached-Growth Biomass for Sanitary Landfill
Leachate Treatment, Environ, Pollut., Vol. 111,
2001, pp. 273-281.

S. Sfaelou, C. A. Papadimitriou, 1. D. Manariotis,
J. D. Rouse, J. Vakros, K. K. Karapanagioti,
Treatment of Low-Strength Municipal Wastewater
Containing Phenanthrene Using Activated Sludge
and Biofilm Process, Desalination and Water
Treatment, 2015, pp. 1-11.

A. Aygun, B. Nas, A. Berktay, Influence of High
Organic Loading Rates on COD Removal and
Sludge Production in Moving Bed Biofilm Reactor,
Environ. Eng. Sci., Vol. 25, 2008, pp. 1311-1316.

J. L. Shore, W. S. M’Coy, C. K. Gunsch, M. A.
Deshusses, Application of a Moving Bed Biofilm
Reactor for Tertiary Ammonia Treatment in High

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Temperature Industrial Wastewater, Bioresour.
Technol., Vol. 112, 2012, pp. 51-60.

J. L. Shore, W. S. M’Coy, C. K. Gunsch, M. A.
Deshusses, Application of a Moving Bed Biofilm
Reactor for Tertiary Ammonia Treatment in High
Temperature Industrial Wastewater, Bioresour.
Technol., Vol. 112, 2012, pp. 51-60.

M. Levstek, I. Plazl, J. D. Rouse, Estimation of
the Specific Surface Area for a Porous Carrier,
Acta Chim. Slov., Vol. 57, 2010, pp. 45-51.

A. Masi¢, J. Bengtsson, M. Christensson, Measuring
and Modeling the Oxygen Profile in a Nitrifying
Moving Bed Biofilm Reactor, Mathematical
Biosciences, Vol. 227, 2010, pp. 1-11.

D. Klempner, K. C. Frisch, Handbook of
Polymeric Foams and Foam Technology, Hanser,
New York, 1991.

Y. L. Huang, Q. B. Li, X. Deng, Y. H. Lu, X. K.
Liao, M. Y. Hong, Y. Wang, Aerobic and
Anaerobic  Biodegradation of Polyethylene
Glycols Using Sludge Microbes, Process
Biochem., Vol. 40, No. 1, 2005, pp. 207-211,
https://doi.org/10.1016/j.procbio.2003.12.004.

G. M. Gutenberger, O. M. Holgate, W. A. Arnold,
J. S. Guest, P. J. Novak, Polyethylene Glycol as a
Robust, Biocompatible Encapsulant for Two-Stage
Treatment of Food and Beverage Wastewater,
Environ. Sci.: Water Res. Technol., Vol. 2, No. 2, 2024,
https://doi.org/10.1039/D3EW00633F.

G. M. Gutenberger, O. M. Holgate, W. A. Arnold,
J. S. Guest, P. J. Novak, Polyethylene Glycol as a
Robust, Biocompatible  Encapsulant  for
Two-Stage Treatment of Food and Beverage
Wastewater, Environ. Sci.. Water Res. Technol.,
Vol. 2, No. 2, 2024,
https://doi.org/10.1039/D3EW00633.

S. G. Prasad, C. Lal, K. R. Sahu, A. Saha, U. De,
Spectroscopic  Investigation of  Degradation
Reaction Mechanism in vy-Rays Irradiation of
HDPE, Biointerface Res. Appl. Chem., Vol. 11,
No. 2, 2021, pp. 9405-9419,
https://doi.org/10.33263/BRIAC112.94059419.
X. He, L. Wang, K. Lv, W. Li, S. Qin, Z. Tang,
Polyethylene Oxide Assisted Fish Collagen-Poly
g-Caprolactone  Nanofiber ~ Membranes by
Electrospinning, Nanomaterials, Vol. 12, No. 6,
2022, pp. 900,

https://doi.org/10.3390/nan012060900.


https://www.sciencedirect.com/journal/bioresource-technology
https://doi.org/10.1016/j.procbio.2003.12.004
https://doi.org/10.1039/D3EW00633
https://doi.org/10.33263/BRIAC112.94059419
https://doi.org/10.3390/nano12060900

