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Tém tit:

Nghién civu nay da thanh cong trong viéc vmg dung gidy bdo phé liéu dé tong hop Cellulose Acetate (CA)
than thién méi trwong, phuc vu ché tao mang loc xop xir 1y nude séng. Mang dwoc tao ¢ nhiét dé phong bang
phuwong phép daio pha, két hop chat tao 16 CaCOs va chat héa déo glycerol. Thir nghiém cho thdy, mang dat
hiéu nang 161 wu v&i cau hinh 70% CA tinh khiét khi duoc két hop voi 30% CA tdi ché, do day 130 um, van
hanh 6n dinh trong 6 gio ¢ pH 6-7. Trong truong hop chat lirong nwée dau vao chira ham heong TSS cao
(1085 mg/L), mang van gitip giam manh TSS, COD, d¢ duc va dé mau, dwa chdt hrong nwde dau ra dat tiéu
chudn Cot A (QCVN 40:2025/BTNMT). Két qua nay khang dinh tiéem ning chuyén héa chat thdi rdn thanh
mang loc gid tri cao, thiic ddy kinh té tuan hodn va bdo vé méi truong.

T khéa: gidy phé liéu, Cellulose Acetate, mang loc, niede séng, moi truong

Synthesis of cellulose acetate membranes from recycled paper for water
filtration

Abstract:

This study successfully converts waste newspaper into environmentally friendly cellulose acetate (CA) for
fabricating porous membranes for river-water treatment. The membranes were produced at room temperature
by phase inversion using CaCQOs as a pore-forming agent and glycerol as a plasticizer. The optimal membrane
contained 70% pure CA and 30% recycled CA, had a thickness of 130 um, and operated stably for six hours
at pH 6-7. Even with influent containing high total suspended solids (1,085 mg/L), the membrane substantially
reduced TSS, COD, turbidity, and color, producing treated water that met Column A requirements of QCVN
40:2025/BTNMT. The findings demonstrate the potential of converting solid waste into high-value filtration
membranes while supporting circular-economy development and environmental protection.
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1. Dit van dé

O nhiém moi trudng nude mat hién nay 1a mot van dé mang tinh toan cau, gdy anh hudng nghiém trong
dén stc khoe con ngudi va sy bén viing cia hé sinh thai (Tran DPuc Diing va cong su, 2022). Tai cac qudc
gia dang phét trién néi chung va Viét Nam néi riéng, udc tinh c6 khoang 80% bénh tat co lién quan tryuc
tiép dén tinh trang ngudn nudc mat kém vé sinh va bi 6 nhiém. Theo mot nghién ctru toan dién ctia Bain va
céc cong sy, khoang 1,8 ty nguoi trén toan cau dang phai sir dung ngudn nudc nhiém vi khuan E. coli hodc
céc vi khuan coliform chiu nhiét khac, d6i mit véi cac nguy co dich bénh nguy hiém lay truyén qua duong
nudc (Bain va cong su, 2014). Tai Viét Nam, chit lwong nudc mat tai khu vuc cac song noéi chung va dac
biét 1a séng Sai Gon hién dang bi suy giam nghiém trong do cac ngudn thai chua qua xu 1y triét dé d6 vao
song va van dang duoc khai thac cho nhiéu muc dich khac nhau (Nguyén Van Hong va cong su, 2023).

Dé loai bo cac tac nhan 6 nhiém va vi sinh vét ndy, cong nghé mang vi loc ndi 1én nhu mot giai phap
hiéu qua, ap dung pho bién cho quy moé cum dan cu nhd hiéu suit cao, van hanh don gidn va mic tiéu thu
ning lugng thip. Tuy nhién, viéc san xuit cong nghiép cac hé théng mang loc nay hién nay phu thudc rat
16n vao may moéc va thiét bi phtrc tap phuc vu cho cac quy trinh nhu nghién va bay hoi dung méi (Kaiser
va cong su, 2017). Mang nay da duoc ché tao don gian hon véi phuwong phép loai bo khuén mau 16 rdng
dang hat nano, trong d6 cac hat nano canxi cacbonat dugc st dung lam khuon mau tao 16 dé diéu chinh
kich thudc 16 rdng trén nén polymer (Saki va cong sy, 2018). Hon nira, nhim dép ung chi phi thap, kha
ning tng dung cao, nguon nguyén liéu tai ché ré tién phuc vu ché tao mang loc dugc quan tim manh mé
(Kaiser va cong su, 2017).

Trong nghién ctru nay, viéc tong hop mang Cellulose Acetate theo phuong phap dao pha, két hop chat
tao 16 CaCOs va chét hoa déo glycerol v6i Cellulose Acetate tai ché tir ngudn gidy thai da dwgc ap dung.
Bén canh d0, cac khao sat vé anh huong cua cac thong sb ché tao mang, cac diéu kién van hanh dén hiéu
suét xir ly COD, TSS, d6 duc va do mau trén nén nudc thuc té cua song Sai Gon da duogc trién khai.

2. Phwong phap nghién ciru

2.1. Phuong phdp tong hop mang Cellulose Acetate

Céc budc tong hop mang Cellulose Acetate duoc tham khao tir nghién ctru cia tac gia Rodrigues Filho
(Rodrigues Filho va cong sy, 2008). Trudc tién, Cellulose thu duoc sau khi gidy dd qua st dung dugc xir
1y bang dung dich NaOH lodng va HNOs dam dic dé loai bo lignin. Cellulose tiép tuc duoc ngdm véi axit
acetic theo Phuong trinh (1), sau d6 phan tng vdi acetic anhydride dé axetyl hoa thanh Cellulose Acetate
theo Phuong trinh (2). Mang loc nudc duoc hinh thanh voi bude hoa tan Cellulose Acetate trong acetone,
dong thoi thém CaCOs va glycerol, khudy déu rdi trang mang trén kinh. Mang loc nuéc dang xdp thu dugce
sau khi dung méi dugc bay hoi, mang duoc rira bang axit va nudc dé loai bd CaCOs cung glycerol (Hinh 1).

Hinh 1. Mang loc dwoc tong hop tiv gidy thdii
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CeH702(0H)s + 3CH;COOH —2%5 CsH702 (CH;COO)s + 3H20 (1)
CsH702(OH)s + 3(CH3CO)-0— CsH-02 (CH5COO); + 3CH:COOH 2)
2.2. Phwong phdp loc theo mé dinh gid hiéu sudt mang Hinh 2. M6 hinh loc theo mé
Mo hinh lgoc theo mé hoat dong bang dong luc ap suat tinh & i -

nhiét d6 phong. TAm mang tiét dién 28,3 cm? dugc c¢b dinh vao

module loc dia ap sudt. 500 mL mau nudc song duogc tién hanh
loc nhu Hinh 2.

2.3. Phwong phdp xdc dinh dic tinh mang va phan tich chit
lwong nuéc

Do day cua tim mang dugc xac dinh bang thudce do vi cip
dién tir (Micrometer, Mitutoyo, Nhét Ban) thong qua gia tri trung
binh tai 5 vi tri ngau nhién trén bé mat mang. Chat luong mau
nudce trudc va sau khi loc duge phan tich theo cac phuwong phap
tiéu chudn chuan hoa (SMEWW) di dugc ghi nhan trong QCVN
40:2025/BTNMT. Hiéu suat loai bo (R,%) cac chit 6 nhiém
(COD, TSS, d6 duc, d6 mau) cua mang loc dugc tinh toan theo
Phuong trinh (3) v6i C, C, lan luot 12 ndng do chi tiéu 6 nhidém &
thoi diém trudc va sau khi loc.
Ct
G

3. Két qua va thao luin két qua nghién ctru

R =(1-=2) x100 3)

3.1. Anh hwéng ciia ham lwong CA tinh khiét dén hiéu sudt xir Iy COD

Anh hudng cua ty 18 phdi tron giita CA tinh khiét va CA téng hop tir gidy tai ché nham t6i wu hoa cdu
truc mang loc da dugc khao sat. Thi nghiém dugc thuc hién véi thoi gian loc 4 gio va néng d6 COD ban
dau cua nude song Sai Gon 1a 61,15 mg/L. Bang 1 cho thiy khi ting ham luong CA tinh khiét tir 60%
1én 70% khdi lugng, hiéu suit loai bd COD ting manh tir 25% 1én 60%, twong Gmg véi ndng do COD sau
loc giam tur 45,86 mg/L xuéng con 24,46 mg/L. Su cai thién vuot bac nay la do viéc bo sung CA thuong
mai tinh khiét v6i d6 dai mach polymer dong déu va khong chira tap chat da gitip gia 6 lién két ma tran
polymer. Su lién két chit ché nay khic phuc duoc nhugce diém chudi polymer ngin ciia ngudn CA tai ché,
dong thoi tao diéu kién cho qua trinh phan tan chat tao 16 CaCoO, dién ra dong déu, tir d6 hinh thanh cu
tric 16 x6p On dinh va nang cao kha ning lugc co hoc ddi voi cac hop chét hitu co. Tuy nhién, khi tiép
tuc tang ham lugng CA tinh khiét tir 70% 1én 100%, hiéu suét xir ly COD chi dao dong nhe va tiém can
trang thai bdo hoa trong khoang tir 60% dén 70%. Hién tugng nay chi ra ¢ ty 1& 70% CA tinh khiét, ciu
tric hinh thai hoc va phan bd kich thudc 16 xdp ciia mang loc di dat trang thai t6i wu. Viée gia ting thém
lugng polymer tinh khiét sau ngudng nay khong lam thay d6i dang ké cu triic x6p ma con lam tiang chi
phi nguyén liéu. Do d6, mang phdi tron chira 70% CA tinh khiét va 30% CA tai ché duoc lwya chon 14 cau
hinh t6i wu dé dam bao tinh kinh té va hiéu qua k¥ thuét cho hé thong.

Bang 1. Anh hwéng ciia ty 18 phdi tron CA dén hiéu suit xir ly

% khéi lwgng 60 70 75 80 90 100
COD (mg/L) 45.86 24.46 24.46 214 18.34 18.34
Hiéu suét (%) 25 60 60 65 70 70
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3.2. Anh hwéng ciia dé day tdm mang dén hiéu suit loc chit é nhiém

D06 day mang 1a thong sé vat Iy quyét dinh tryc tiép dén trg lyc dong va chiéu dai duong dan khuéch
tan trong cau trac x6p. Trong phan nghién ctru nay, anh hudng cia 3 cp d6 diy mang bao gdm mang
mong (105 wm), mang vira (130 pm) va mang day (185 pm) dén kha nang xir ly COD, d6 duc va do mau
duogc khao sat chi tiét voi mang CA 70% tinh khiét ¢ diéu kién pH 6,5 va thoi gian loc 4 gio. Bang 2 cho
thay, hiéu suat xir 1y ctia mang d6i v&i cac chat 6 nhiém bién thién rd rét theo xu huéng hinh parabol,
thé hién tinh 2 mat cta thong sé d6 day va xac 1ap mot gia tri van hanh tdi vu. O cdu hinh mang mong
c6 do day 105 micromet, hé théng dat hiéu suét loai b6 COD 1a 60% véi néng d6 COD sau loc con lai 1a
23,3 mg/L, d@)ng thoi giam d¢ duc Xuéng con 0,007 NTU va d6 mau dat 0,006 Pt-Co. Hi¢u qua loc dat
trang thai Iy tuong nhat khi chuyén sang cau hinh mang vira ¢6 do day 130 pm.

Tai day, nghién ctru ghi nhan hi¢u suét loai bo COD dat gia tri cuc dai l1a 75,1% voi néng d6 COD
giam sau xudéng mirc 14,5 mg/L, dong thoi d6 duc va d6 mau ciling dat cc gia tri tinh khiét thip nhit 1an
luot 13 0,005 NTU va 0,004 Pt-Co. Nguoc lai, khi d6 day mang vuot qua ngudng tdi wu va ting 1én muc
185 um & cdu hinh mang day, hiéu sut xir Iy COD lai tut giam dang ké xudng chi con 50%, kéo theo
ndng dd6 COD ting nguoc lai 1én mirc 29 mg/L, trong khi do duc va do mau ciing ting 1én twong Gng la
0,012 NTU va 0,007 Pt-Co. Két qua nay c6 khuynh hudng twong tu voi cac nghién ctru khac khi tham
khao cung quy trinh tao mang. Bai khi tim mang mong, chiéu dai duong din cua cac 16 x6p twong ddi
ngan din dén mot luong nho chét hitu co kich thudc nho dé& dang bi cudn tréi xuyén qua mang dudi ap
suat loc, tir 6 gi6i han hiéu suat xir Iy tong thé. P day trung binh nay di tao ra sy can bang hoan hao
gitra tré luc thay dong va chiéu dai duong dan khuéch tan, gitp giit lai tdi da cac hat keo va hop chit
hitu co lo limg nhd co ché ray vat 1y on dinh. Nguyén nhin cuia sy suy giam ndy xuét phat tir viéc 16p
dung dich dopes diic mang qua day 1am ting mat do nén ép cuia cac chudi polymer & tang dudi trong qua
trinh dao pha, gy ra hién tugng bit nghet hodc thu hep cac 16 x6p. Pong thoi, tré luc thiy dong ting
cao thuc ddy nhanh qua trinh phan cuc ndong do trén bé mat mang, tich tu chit ban nhanh chong va gay
ra hién tugng nghet mang nghiém trong, lam can trd luu thong va lam giam kha nang loc sach cua hé
théng trong qua trinh van hanh.

Bang 2. Anh huwéng ciia 3 day mang dén hiéu suit xir ly

Tén goi mang Ban dau Méng Vira Day
Do day mang - 105 uym 130 uym 185 um
Do duc (NTU) 0.056 0.007 0.005 0.012
Do mau (Pt-Co) 0.025 0.006 0.004 0.007
COD (mg/L) 58.18 23.3 14.5 29
Hiéu suét x&r ly COD 0% 60% 75.1% 50%

4. Két luan

Nghién ctru d thuc hién thanh cong quy trinh tong hop vat liéu CA tir ngudn gidy bao tai ché phé liéu
va tng dung ché tao mang loc polymer c6 ciu truc 16 x6p ¢ didu kién nhiét d6 phong. Cac két qua thuc
nghiém ching minh cau hinh d6 day ctia mang va ham lugng CA tinh khiét phdi tron dong vai tro quyét
dinh dén hiéu suat xur 1y chat 6 nhiém. Trong d6, mang loc sir dung ty 1& phdi tron 70% CA tinh khiét
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thwong mai va 30% CA tai ché, két hop véi do day mang trung binh (130 pm), mang lai hiéu qua xu 1y tdi
wu nhat dbi voi nude song Sai Gon. Nude sau loc dat tiéu chuan ¢t A theo QCVN 40:2025/BTNMT doi
v6i cac chi tieu COD, TSS, do duc va do mau, khéng dinh tinh kha thi cua giai phap cong nghé nay. Nhim
t6i wu hoa gia tri kinh té va nang cao tinh bén ving cua giai phap, cic dinh hudng cai tién tiép theo can tap
trung vao viéc toi wu hoa cau triic mang dé ting cuong kha ning loc va thir nghiém quy trinh diéu chinh
ty 18 phdi tron trén nhiéu ngudn cellulose sinh khdi khac nhau. Viéc nghién ctru nang cao ham luong CA
tai ché 1én muc 50% khdi luong hay giam ty 1& polyme tinh khiét thuong mai xubng 50% la can thiét dé

ha gia thanh san xuat mang loc m
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