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Nghién ctru mot so dic tinh vat liéu mang lgc
ché tao twr cellulose acetate va polyguanidine

Nguyén Thi Minh Chéu, Luu Thi Hu¢, Ngé Hong Anh Thu’, Tran Thi Dung”
Khoa Hoa hoc, Truong Dai hoc Khoa hoc T nhién, Dai hoc Quéc gia Ha Ngi
Ngay nhan bai 15/2/2022; ngay chuyén phan bién 18/2/2022; ngay nhan phan bién 25/2/2022; ngay chip nhan dang 2/3/2022

Tom tit:

Trong nghién ciru nay, mang loc dwgc ché tao tlr cac vat liéu cellulose acetate (CA) ua nwéc va polyhexamethylene
guanidine hydrochloride (PHMG) khang khuin bang phuong phap dao pha nhim tang cwong tinh nang tach loc va
kha ning khang tic. Anh huéng cia cac diéu ki¢n ché tao dén dic tinh ciu tric va tinh niing tich loc ciia mang da
dwoc khdo sat va danh gia. Két qua thuc nghiém cho thay, mang loc CA ché tao bang phwong phap dido pha cé clu
tric bt dbi xing voi 16p bé mit chit sit & trén 16p do xdp. Nong dd CA trong dung dich tao mang c6 anh hwéng
manh dén céu tric va tinh ning loc tach ciia mang. Khi nong dd CA ting tir 12,2 dén 18,2%, & 4p suét loc 5 bar, ning
suét loc trung binh ciia mang giam dén tir 46,47 xudng 38,72 /m*h do 16p bé mit ciia mang hinh thanh day hon. So
v6i mang CA thuin, mang CA/PHMG cé ning suit loc trung binh cao hon dén 1,6 1an, mirc dd tic mang thap hon

va kha ning khang tic tot hon ré rét.
Tir khoa: cellulose acetate, mang loc, polyguanidine.

Chi s6 phén logi: 1.4
M6 dau

Mang loc la vat liéu duogc sir dung trong qua trinh tach
mot hdn hop dong thé hodc di thé. Uu diém cua phuong
phéap loc mang 14 c6 thé phan tach dugc cac cau tir ¢6 kich
thude tir & hat toi ion ma khong can sir dung thém hoa chat,
céc cau tir can tach khong phai chuyén pha, 1a phuong phap
tach hién dai, tiét kiém nang lugng va than thién vdi moi
truong [1]. Hiéu qua cua mét qua trinh loc mang dugc danh
gia thong qua kha nang luu gilr cac cAu tir can tach va ning
suét loc trung binh ciia mang, trong d6 do Iuu gitr phu thude

chi yéu vao ciu triic mang, trong khi nang suat loc chiu anh
huong manh boi ban chét cua vét liéu tao mang.

Trong linh vye xir Iy nude, phuong phap loc mang c6
nhiéu vu diém vé& mit ky thuét, quy mé san xuat cting nhu
gia thanh [2, 3]. Qua trinh tach qua mang c6 thé loai bo
duoc hau hét cac tap chat trong nuéc nhu kim loai ning,
chét hitu co hoa tan, cac ion ¢6 kich thude nho, vi sinh vat. ..
Tuy nhién, mot trong nhitng thach thirc da va dang datra la
hién tuong tic mang (fouling), gdy ra boi su tich luy cac
tiéu phan bi luu gitt trén bé mat va bén trong cac 16 xop
ctia mang trong qua trinh loc tach [4, 5]. Tuy thudc vao ban
chat ctia cac tiéu phan gay tic mang, c6 thé phan biét mot
vai kiéu tic mang nhu: vo co, keo, hitu co hay sinh hoc
(biofouling) [6-8], trong d6 biofouling thudng gay ra sy tic
mang kha nghiém trong va rat kho xtr ly. Biofouling dugc
khoi méao béi sy ¢6 mat cua mot sé vi khudn trén bé mat
mang, sau d6 phat trién va dugc nhan 1én nhanh chong vai
su cb mit ctia cac chat dinh dudng co trong nude [9]. Cac
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vi khuédn bai tiét ra hop chat polyme ngoai bao (EPS) c6
kha nang lién két cac té bao lai véi nhau, tao thanh 16p chét
nhon. Tép hop cac té bao, EPS va vat chat bi tich Ity trén bé
mat mang hinh thanh 16p mang sinh hoc, goi 1a “biofilm”.

Hau hét cic nd luc dé giam thiéu hién tuong tic mang
do biofouling déu khong mang lai hiéu qua, do 16p biofilm
bam chit rat kho tach rira ra khoi bé mit. Viéc sir dung chat
khir trung (nudc Javen) c6 thé xur Iy duge biofilm nhung
mat khac lai gay ton hai hodc pha v& cAu triic bé mat mang
polyme. Véi mang loc nano (NF), cac nghién ctru da chi ra
rang, hon 50% (w/w) 16p cin ban bam trén mang c6 ngudn
gbc 1a cac vi sinh vat ¢6 trong nude. Cac mang NF thuong
mai dung cho xir Iy nuéc hién nay dugc lam chu yéu tir cac
vat liéu CA va polyamide (PA). Kha ning khang khuan kém
cua vat liéu CA cling nhu sy han ché cua vat liéu PA trong
mai truong khir tring [10] d4 dit ra yéu cau hét strc can thiét
trong viéc nghién ctru phat trién vét liéu mang loc ¢6 tinh
khéng khuan, nhim nang cao kha nang khang tac sinh hoc
cho mang.

Mot sé cong trinh nghién ctru ché tao mang loc ¢o tinh
khang khuén d3 duge cong b, st dung cac hat nano v6 co
nhu nano dong, nano bac rap 1én bé mit mang [11-14]. Gan
day, viéc st dyng cac PHMG bat dau duoc quan tam do
kha ning khang khuén tét va tinh chat khong doc hai cia
vat li¢u nay. Hién nay, da c6 mot ) nghién citu dua PHMG
1én bé mat mang polyamide nham nang cao kha ning tng
dung mang nay trong thyuc t& [15-17]. Tinh khang khudn
cua polyguanidine dugc cho la do tuong tac gitta 16p lipid
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Abstract:

In this study, membranes were prepared from
hydrophilic cellulose acetate (CA) and antibacterial
polyhexamethylene guanidine hydrochloride (PHMG)
by phase inversion method to improve membrane
separation and antifouling capacities. The influence
of preparation conditions on membrane structure and
separation performance has been investigated and
evaluated. The experimental results indicated that the
CA membranes prepared by the phase inversion method
have an asymmetric structure with a dense top layer
located onto a porous supporting layer. The concentration
of CA in casting solution highly influences membrane
structure and its separation capacity. When the CA
concentration increased from 12.2 to 18.2%, at a filter
pressure of 5 bar, the prepared membrane flux gradually
decreased from 46.47 to 38.72 1/m*.h due to the increase
in membrane surface thickness. In comparison with the
pure CA membrane, the CA/PHMG membranes have
higher average filtration yield (1.6 times), lower degree
of membrane fouling, and much better antifouling
properties.

Keywords: cellulose acetate, membrane, polyguanidine.
Classification number: 1.4

kép ciia mang té bao vi khudn va cac nhom guanidine, 1am
cho 16p lipid kép mét tinh linh dong hoac bi hoa tan, tic ché
sy phat trién cia té bao va cudi cing dan dén su chét cua
vi khuén [18-20]. Tuy nhién, cho dén nay, hau nhu chwa c6
nghién ctru nao dua PHMG bién tinh mang CA - loai mang
rat d& bi vi khuan tan cong dé tang cuong kha ning khang
tac sinh hoc. Bai bao trinh bay mot sé két qua nghién ctru
ché tao mang loc tir cac vat ligu CA ua nuéc va PHMG
nhidm ting cudng tinh ning tach loc va kha nang khang tic
trong qua trinh tach loc. Anh huéng ctia mot s6 didu kién
ché tao dén dac trung cAu trac va tinh nang loc tach cua
mang duoc khdo sat va danh gia.
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Vat liéu va phuony phap nghién ciiu
Héa chit, vit liéu

CA (Sigma-Aldrich, 99%), acetone (Xilong, 99%),
PHMG (Sigma-Aldrich, 98%), formamide (Xilong, 98%),
ethanol (Cong ty C6 phan tap doan hoa chat Dirc Giang,
96%), mdi truong TSB, TSA (Xilong), nudc khir ion.

Ché tao mang

Hoa tan bot CA trong hdn hop dung moi acetone va
formamide vo&i cac néng dd khac nhau (12,2-18,2%) thu
duogc dung dich dong nhét. Dung dich PHMG dugc chuén bi
(voi néng dd 3%) trong etanol dugc thém vao dung dich tao
mang voi luong xéc dinh. Trai dung dich thanh 16p mong co
chiéu day 300 um, cho bay hoi dung méi va dwa vao méi
truong dong tu. Hinh 1 va 2 1a cong thic cu tao ciia CA
va PHMG. Khi cho thém PHMG vao dung dich CA xay
ra phan rng hda hoc gitra nhém guanidine NHC(NH ) cua
PHMG va nhom hydroxyl ciia CA tao lién két cAu hydro.
Mang sau khi hinh thanh dugc ngdm rira k§ bang nudc khu
ion dé loai bé hoan toan dung moi va PHMG chwa tham gia
phan tmg ra khoi mang.

O

*mw

0=< H3c

L 0 n
Hinh 1. CA.
N W N jfz N W
- A o R
NN T
NH, NH,
_* PHMG - CI _*
cl cl
Hinh 2. PHMG.

Danh gia ddc trung cdu triic mang

CAu tric hinh thai vat liéu mang (mit cét, bé mit) dugc
quan sat qua anh chup kinh hién vi dién tor quét (SEM,
Hitachi 48008, dién thé 5 kV), do tai Vién Khoa hoc Vit
liéu, Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam. Cac
mau vat liéu mang déu dugc phu Pt véi chidu day khoang
3 nm trude khi tién hanh chup. Pac trung hoa hoc bé mat
mang dugc danh gid qua phd hong ngoai phan xa (FTIR-
ATR, Affinity 1S), do tai Khoa Hoéa hoc, Truong Pai hoc
Khoa hoc Ty nhién, Dai hoc Qudc gia Ha Noi. Cac phép
do duoc thuc hién ¢ goc t6i 45°, 100 vong quét & sd song
400-4.000 cm!.



Ddnh gid tinh khding khuén ciia mang

Céy vi khuéan E. Coli vao méi truong TSB va dit vao tii
4m & nhiét do 37°C trong 24 gi0. Pha loang dung dich nay
bang nudc mubi sinh 1y da tiét trung Nhung mau mang vao
dung dich E. Coli trong thoi gian 20 gidy, ldy mang ra va
dé kho tu nhién trén dia petri trong 3 gid. Ngdm mang tre
lai vao dung dich nude mudi sinh 1y, lay 100 ul dung dich
nay cdy vao dia thach TSA va dat vao ti am ¢ nhiét d¢ 37°C
trong 48 gio. Pém s6 khuan lac xuét hién trén dia thach,
mang c6 kha ning khang khuan cang cao thi sé luong khuin
lac xuét hién s& cang it va nguoc lai.

Ddnh gia tinh nang lgc tach ciia mang

Kha nang luu gitt cua mang dugc danh gia thong qua
hiéu suat xtr Iy COD (H_ , %) ciia nude song.

CODi[(1 CODdlch lqc/CODnuo'rc séng)XI 00]

Ning suit loc trung binh (J, I/mh) tai ap suit xac dinh
duoc tinh theo biéu thuc:

J=V/(Axt)
véi V 1a thé tich dich loc (1); A 1a dién tich mang loc (m?);
t 1a thoi gian loc (gi0).

Mirc do duy tri ning suat loc theo thoi gian dugc biéu
dién qua cong thirc sau:

FM (%)=(J /J)x100
voi J 1a nang suat loc trung binh cua mang sau 10 phat loc
dau tlen J nang suét loc trung binh ctia mang tai thoi diém
t trong qua trinh loc tach.

Muc d6 fouling (DF, %) duogc biéu dién qua d6 giam luu
lwong nudc tinh khiét thim qua mang.

DF=(J_,-J ,)x100
trong do: J Va J, 1a luu lugng nudc tinh khiét thAm qua
mang ban dau va mang sau khi da str dung dé loc dung dich.

CcoD?

Kha ning khang tic sinh hoc cia mang duoc danh gia
bang cach ngdm mang trong nudc bi 6 nhiém boi cac chat
hitu co va vi sinh vat trong khodng thoi gian xéac dinh (72
gi0), sau do tién hanh qué trinh Igc tach va xac dinh do
suy giam ning suat loc theo thoi gian. Céc thi nghiém loc
tach duge thuc hién trén thiét bi thir mang phong thi nghiém
(Osmonic, MY).

Keét qua va ban luan
Anh chup SEM

Hinh 3 va 4 1a anh chyp SEM ce”'}u trac hinh thai mang ché
tao tir cac dung dich tao mang c6 nong do CA khac nhau.

IMS-NKL 2.0kV 4.6mm x5.00k SE(M)

Hinh 3. Anh SEM mit cit mang ché tao tir dung dich CA néng
d6 12,2% (trai) va 18,2% (phai).
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IMS-NKL 2.0V 4 3mm x30.0 SEQW) 1.00um [l IMS-NKL 2.0kv

Hinh 4. Anh SEM mat trén (trai) va mat dwéi (phai) mang ché
tao tir dung dich CA néng d6 18,2%.

Két qua cho thiy, mang hinh thanh c6 cau trac bat dbi
xtmg voi 16p bé mit chit sit ¢ trén 16p d5. Khi ting ndng do
CA trong dung dich tao mang, mang hinh thanh s¢ c6 l6p bé
mdt day hon. Be mat trén (toplayer) cua mang kha nhan voi
kich thuéc 13 rit nho khong quan sat rd, bé mit dudi cua lop
d& thé nham hon va c¢6 thé quan sat thay cac 15 x6p.

Pho hong ngoai phin xa

Hinh 5 [a phé hong ngoai phan xa bé mat cac mang CA
va CA/PHMG. Két qua cho thay su xuét hién cac pic hap thu
dic trung cho cac lién két trong vat liéu CA tai cac s6 song

o (A)

= —1217.08

1 00

Hinh 5. Phd hdng ngoai phan xa bé mit mang CA (A), mang
CA/PHMG véi ty 16 PHMG/CA 13 15 mg/g (B) va 75 mglg (C).
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3502 cm! (nhém O-H); 2983 va 2902 cm (lién két C-H);
1730 cm™ (lién ket C=0 cua nhém acetyl (CH,C(0)O-);
1431 va 1367 em’! (lién két C-H ciia nhém CH) 1217 va
1031 em™ (lién két C-O-C). Céc pic hap thy dac trung nay
cling Xudt hién tuong tng vdi nghién clru cia nhom tac gia
T. Sudiarti va cs (2017) [21]. So v6i phd hong ngoai ciia
mang CA, phd hong ngoai cua mang CA/PHMG co su
chuyén dich va ting cufmg d6 pic hap thy trong khoang
s6 song 3400-3500 cm. Diéu nay c6 thé do sy hinh thanh
lién két cau hydro giita nhom NHC(NH ,)-Cl cia PHMG va
nhoém OH cua CA lam tang cudng do pic hap thy, dong thoi
chuyén dich pic vé s6 song ngin hon (3421 va 3394 cm),
tuong tmg véi khi ting ty 16 PHMG/CA (tir 15 dén 75 mg/g).

Khd ning khdang khudn ciia mang

‘Trong thi nghiém nay, mang duoc ché tao véi cac ty 18
khoi lwvgng thanh phan PHMG/CA khac nhau 1a 0, 15 va 45
(mg/g).

Hinh 6. So sanh khuan lac xuét hién trén cac dia thach cay
dich ngam cac mang CA (trai) va CA/PHMG véi ty 1é thanh
phan PHMG/CA Ia 15 mg/g (gitra) va 45 mg/g (phai).

Két qua thi nghiém (hinh 6) cho thay, sé luong khuén lac
xuét hién trén dia thach duoc céy dich ngdm cac mau mang
CA/PHMG giam manh so véi s6 khuén lac xuét hién trén
dia thach dugc cdy dich ngdm miu mang CA thuan. Diéu
d6 chung t6 mang CA/PHMG c6 khé nang khang khuén t6t.
Tinh khang khuan ctia mang CA/PHMG c6 tac dung ngin
chéan hodc giam bdt sy hinh thanh 16p biofilm tao béi vi sinh
vét trén bé mat mang va do d6 1am tang kha ning khang tic
cho mang trong qua trinh loc tach.

Tinh nang loc tach ciia mang

Trong nghién clru nay, nudc song chua qua xu ly dugce
sir dung lam ddi tuong loc. Két qua danh gia tinh ning loc
tach ctia mang ché tao tir cac dung dich ¢6 nong do CA khac
nhau duoc dua ra ¢ bang 1.

Bang 1. Nang suét lgc trung binh, mirc d6 tdc mang va higu
suat xtv ly COD (mau nwéc séng cé6 COD=136 mgO,/I, ap suat
loc 5 bar).
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Hinh 7. So sanh dé duy tri nidng suéat loc theo thoi gian cla
mang ché tao tir cac dung dich c6 ndng dé CA khac nhau.

Két qua thuc nghiém cho thiy, ning suét loc trung binh
clia mang giam dan tir M1 d&én M4. Piéu nay c6 thé do do
chit sit cia mang ting dan (kich thudc 16 bé mat va do x6p
giam) khi nng d6 CA trong dung dich tao mang ting din
tir M1 (12,2%) dén M4 (18,2%). Véi ciing ap suat dong luc,
mang cang chat sit thi luu luong loc qua mang cang thap do
su tang trd luc chuyén khdi. Két qua thyc nghiém ciing cho
thdy, hiéu suat xur Iy COD trong nudc séng cua ca 4 mau
mang déu dat trén 80%. Két qua danh gia mirc do duy tri
ning suat loc ciia mang theo thdi gian dugc dua ra & hinh 7
cho thay, nang suét loc trung binh ciia tat ca cac mang déu
giam dan theo thoi gian, tuy nhién dé giam ning suat loc
cua cac mang la khac nhau. Khi nf)ng do CA trong dung
dich tao mang tang tur 12,2 (M1) dén 18,2% (M4), dg giam
nang suét loc theo thoi gian ciia mang chdm dan. Piéu nay
¢6 thé do do chat sit va chiéu day 16p bé mat mang tang lén
khi tang nong d6 CA trong dung dich tao mang, lam cho bé
mit mang co thé trd nén tron nhan hon, céc tiéu phan luu
giit bi lot vao bén trong 16p d& xp va/hodc bam trén bé mat
mang it hon, tré luc tic mang giam, nang suit loc theo thoi
gian cua mang do d6 dugc duy tri & mtic cao hon. Tu céac
Kkét qua thyc nghiém thu dugce co6 thé nhan théy, mau mang
M3 (ché tao tir dung dich CA ndng d6 16,3%) c6 tinh ning
loc tach tot voi nang suat loc trung binh cao hon M4, trong
khi mirc d6 tic mang thdp hon dang ké so véi M1 va M2.

Trong thi nghiém tiép theo, mang dugc ché tao tir dung
dich c6 ndng do CA 16,3% va c6 thém thanh phan PHMG
vai ty 18 PHMG/CA 1a 30 mg/3,5 g. Két qua danh gia ning
suat loc trung binh, mirc d6 tic mang va d¢ duy tri ning
suét loc ctia cac mang theo thoi gian dwoc dua ra ¢ bang 2
va hinh 8.

Miumang  Noéngdd CA(%) J(@Umeh) H., (%) DF(%) Bang 2. Ning suét loc trung binh va mirc do tdc mang (mau
Mi 122 46.47 80.65 76.9 nwéc séng c6 COD=160 mgO,/l, ap suat loc 10 bar).
M2 14,3 45,94 83,87 60,8 Théng sb Maing CA Mang CA/PHMG
M3 16,3 43,27 87,09 36,8 J (/m*.h) 36,32 60,49
M4 18,2 38,72 83,87 20,6 DF (%) 69,58 53,94
TAP CHI
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Hinh 8. So sanh dd duy tri niang suét loc theo th&i gian cla cac
mang CA va CA/PHMG.

Két qua thyc nghiém cho thay, mang CA/PHMG ¢ tinh
nang loc tach tét hon rd rét so véi mang CA. Ning suat loc
trung binh ctia mang CA/PHMG la 60,49 1/m*h, cao hon
nhiéu so voi ning suét loc ctia mang CA 1a 36,32 1/m*h. Mirc
d6 tic cuia mang CA/PHMG thap hon (53,94%) so v&i mang
CA (69,58%). Dac biét, d6 duy tri nang sut loc cua mang
CA/PHMG cao hon 16 rét. Sau 120 phut loc, nang suét loc
cua mang CA/PHMG gidm con 59,31%, trong khi mang CA
nang sudt loc giam con 30,73% so véi ban dau. Dé danh gia
kha nang khang tic sinh hoc ctia mang, thi nghiém dugc tién
hanh nhu sau: ngdm mang vao nudc song chua qua xu 1y
trong 72 gio, sau do tién hanh qué trinh loc va so sanh mtrc
d6 duy tri nang suat loc ciia mang theo thoi gian.
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Hinh 9. So sanh dd duy tri nang suét loc theo thoi gian cua
mang sau khi ngam trong nwéc séng 72 gio.

Két qua hinh 9 cho thiy, do duy tri ning suit loc cua
mang CA/PHMG cao hon nhi€u so voi mang CA. Sau 120
phut loc, nang suat loc cua mang CA/PHMG duy tri & murc
86,3%, trong khi nang suat loc cua mang CA chi con khoang
50,0% so v&i ban dau. Ket qua so sanh muire do tac gitia cac
mang trong thi nghiém nay dugc thé hién ¢ bang 3.

Bang 3. Mrc d6 tic ciia cac mang da ngam 72 gi®» trong nwéc
song.

Mang CA CA/PHMG
DF (%) 58,05 16,70
HOAHOC |/, N
. v 64(11) 11.2022
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C6 thé nhan thdy, mang CA/PHMG c6 mirc d¢ tic mang
thap hon (16,70%) so v6i mang CA (58,05%). S¢ di nhu
vay la do sy c6 mat cua thanh ph?m PHMG d3 han ché su
hinh thanh 16p biofilm trén bé mit mang, kha ning khang
tac ciia mang CA/PHMG do d6 t6t hon.

Nghién ciru da ché tao dugc cac mang bat ddi xtmg tir
CA va CA/PHMG bing phuong phap dao pha. Nong do
CA trong dung dich tao mang c6 anh huéng manh dén cau
tric va tinh nang loc tach cia mang. Khi nong do CA ting
tir 12,2 dén 18,2%, & ap suét loc 5 bar, nang suét loc trung
binh ciia mang giam dan tir 46,47 xudng 38,72 I/m?h, hiéu
sut xir Iy COD trong nudc song cua cac mang déu dat trén
80%. So véi mang CA thuan, mang composit CA/PHMG c6
tinh nang loc tach tot hon véi ning suat loc trung binh cao
hon, mirc d§ tic mang thap hon va kha nang khang tic sinh
hoc tt hon.

LO1 CAM ON

Nghién ciru nay duoc thyc hién dudi sy hd trg kinh phi
ctua Dai hoc Quoc gia Ha Noi thong qua d¢€ tai c6 ma so
QG.21.12. Nhom tac gia xin tran trong cam on.
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