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LOI CAM POAN
T6i xin cam doan dé tai nghién cau trong luan vin nay la cdng trinh
nghién cau cua tdi dya trén nhiing tai liéu, sb liéu do chinh t6i tu tim hiéu va
nghién ctu. Chinh vi vdy, cac két qua nghién ctu dam bao trung thuc va
khach quan nhat. Bong thoi, két qua nay chua ting xuat hién trong bat ca mot
nghién ciu ndo. Cac sb liéu, két qua néu trong luan an Ia trung thuc, néu sai
t6i hoan toan chiu trach nhiém trudc phat luat.

Tac gia luan van

Pang Khoi Nguyén
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Pé hoan thanh khoéa luan nay, em xin gui 10i cam on dén Quy Thay Cb, ban
Lanh dao, phong Pao tao, cadc phong chuc ning cua Hoc vién Khoa hoc va
Cong nghé, Vién Han 1am Khoa hoc va Céng nghé Viét Nam da tao co hoi
cho em duogc hoc tap, rén luyén va tich liy kién thuc, ki ning dé thuc hién
luan van.

Em xin chan thanh cam on céc can bo va tap thé nghién ciiu cua Phong Héa
sinh — moi truong nhiét doi, Vién Ky thuat nhiét déi da giap dg, tao dieu kién
cho em dugc thuc hién luan van.

bac biét, em xin gui 16i cam on dén c6 gido huéng dan khoa hoc - TS. Pham
Thi Lan da tan tinh chi dan, theo ddi va dua ra nhiing 16i khuyén bo ich giup
em giai quyet duoc cac van dé gap phai trong qua trinh nghién cau va hoan
thanh dé tai mot cach tot nhat.

Do kién thic cua ban than con han ché va thieu kinh nghiém thyc tién nén noi
dung khoa luan kho tranh nhiing thieu sét. Em rat mong nhan su gop y, chi
day thém tir Quy Thay Co.
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Tran trong.

Tac gia luan van

Pang Khoi Nguyén
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1
MO PAU

Thoi gian gan day, hydrogel 1a mot trong nhitng vat liéu nhan duoc nhiéu su
quan tdm nghién ciu cua cac nha khoa hoc trong nudc va thé giéi. Nho dic
tinh wa nudc ¢ cau trdc khong gian ba chiéu (3D), kha nang truong nd, hap
thu vai khéi luong 10n trong moi trudng nudc nhung khong bi hoa tan. Vat
liu hydrogel c6 cau tric mang nén cé kha ning mang cac tiéu phan cé kich
thudc nho, thé tich cé thé thay dbi phu hop véi cac tinh ning cua ngudi st
dung. Hydrogel ¢6 tiém ning wng dung 16n trong nhiéu linh vuc nhu cam bién
dién hod trong xir Iy méi truong, vat lidu tu 1anh, vat liéu dan dién mém déo
va dac biét trong linh vuc y sinh nhu vat liéu twong thich sinh hoc, mang git
am, mang nha thuéc cham.

Cac nghién cau vé hydrogel tir cellulose phan 16n tap trung quan tam dén kha
nang hap thu nudc, hap phu chat mau, chat doc hai... tng dung trong Xt Iy
moi truong. Trong linh vuc y sinh, viéc giai phong co kiém soat cac tac nhan
khang khuan trong mang hydrogel dang thu hat duoc nhiéu su quan tam
nghién ctu. Tinh chat dac biét va d6 bén cia mang hydrogel phu thudc vao
chat nén va tac nhan tao lién két chéo. Viéc ché tao mang hydrogel khang
khuan trén co so cellulose van 1a mot thach thac. Trong khudn kho dé tai nay,
nano bac s& duoc bd sung vao mang hydrogel tir cellulose nham ting cuong
kha nang khang khuan caa mang.



Chuong 1: TONG QUAN TiNH HINH NGHIEN CUU

1.1. CAU TAO VA TiNH CHAT CUA VAT LIEU HYDROGEL

Cellulose 1a mot trong cac loai polymer ¢ ngudn gdc thién nhién phd bién
nhat thé gidi. Cellulose c6 mach khong phan nhanh va duoc tao thanh tir cac
mat xich p-D-glucozo. Cong thirc phan tir caa cellulose thuong dugc viét 1a
(CeH100s)n trong d6 n ¢6 thé nam trong khoang 5000-14000. Cong thuc cau
tao cua cellulose duoc trinh bay trén Hinh 1.1.

CH,0H CH,0H

LAY

CH,0H CH,0H

Hinh 1. 1. Cdu tgo phan ti+ cellulose

Nhom OH trong cellulose cd thé tham gia cac phan tng hod hoc véi cac
anhidrit axit, axit vo co, phan Gmg tring ngung véi monome, véi cac phan ta
hoat dong... Cac nguyén tir carbon trén mach cellulose ciing c0 kha nang
tham gia phan tmg dong tring hop ghép vai nhidu monome vai su 6 mat cua
chat khoi mao phan ng. bac tinh hoa hoc nay gilp cellulose c6 kha nang
hinh thanh lién két chéo giita cac mach, tao thanh cau tric 3D trong hydrogel
[10]. Ngoai ra, cellulose 1a mot trong nhitng vat liéu tiém nang dé ché tao
mang hydrogel do kha ning hap phu nudc, khoi luong riéng thap (x6p va
nhe), do bén co hoc cao va dé dang bién tinh dé dwa thém nhém chuc vGi cac
muc dich st dung phu hop [1, 11].

Cellulose c6 nhiéu trong bong, xo dira, bd mia, dira, rom ra, soi day, gai, tre,
g6... [6, 9, 12, 13]. Pay déu la cac san pham hoic phu pham cua nganh ndng
nghiép, duoc coi 1a ngudn nguyén liéu vo cling phong phi. Céc tinh nang doc
dao cua cellulose hydrogel da truyén cam hing cho cac nha nghién cau trén
toan cau phat trién cac vat liéu moi, tng dung trong nhiéu linh vuc khac nhau.
Mot s6 nghién ciu phd bién vé tng dung cua cellulose hydrogel da duoc cong
bd nhu sau [14-16]:

- Ky thuat y sinh: cellulose hydrogel lam vat liéu twong hop sinh hoc
thay thé mo, vat liéu bang bo vét thuong, hé thong phan phéi thube. ..
- Vat liéu théng minh: cellulose hydrogel 1am cam bién sinh hoc, thiét bi
truyén dong. ..
- San pham chim soc stc khoe va vé sinh: cellulose hydrogel dung ché
tao t4 gidy, khan an. ..
- Vat liéu cho néng nghiép: cellulose hydrogel lam chéat van chuyén
thudc trir su, bé chira nudc, vat liéu gitr nude. .
Trong linh vyc y sinh, mang cellulose hydrogel c6 tiém ning ¢ng dung to Ion.
Trén co sd su phéat trlen ly thuyét vé ciu tric polymer nghién cau sau vé cac
qua trinh sinh hoc & cap d6 phan tir, viéc thiét ké cac vat liéu hydrogel ding



trong y sinh c6 nhiéu budc tién vuot bac [17-20]. Do kha niang hap thu céc
hoat chét cd hoat tinh sinh hoc vao mang lién két chéo ¢ tinh wa nudc, ciing
nhu mang céc hoat chat trong mang luéi cau tric 3D, cellulose hydrogel dang
tré thanh vat liéu méi day haa hen trong linh vuc dan thudc va giai phéng
thudc [17-19]. Vat liéu nay c6 tiém ning ung dung trong ki thuat kiém soat
mO. Tuy nhién, kinh phi san xuat hydrogel con kha cao, gay han ché kha nang
thuong mai hod san pham. Tac gia P.T.M. Diém va cac cong su da tong hop
mang hydrogel trén co so chitosan oxi hda tng dung két dinh mé [5]. Mang
chitosan — polyethyleneglycol — tyramine hydrogel nudc hinh thanh nhanh
chong véi sy hién dién cua enzyme horseradish peroxidase (HRP) va
hydrogen peroxide (H,0,). Thi nghiém in-vitro véi té bao fibroblast bang kit
live/dead cho thidy mang c6 kha ning tuong hop sinh hoc cao [5]. Tinh chit
hoa hoc va cac yéu té anh hudng dén hinh thai, cau trac dén tinh chat co 1y
cuia mang hydrogel trén nén cellulose ciing da duoc khao sat [14]. Tac gia Xi
Cui va cong su tong hop mang hydrogel tir cellulose trong dau bap bang phan
tng v6i LiOH va ure trong méi trudng nudc, sau d6 bd sung thém
epichlorohydrin va anhydroglucose [12].
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Hinh 1. 2: Phdn ing téng hop mang hydrogel tzr chitosan véi
polyethyleneglycol va tyramine xdc tac H,O, [5]
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Hinh 1. 3: Phdan ung cua cellulose vai acrylic acid (AA) vai N,N’-methylene

bis-acrylamide (MBA) va Ammonium persulfate (APS) [6].
Trong linh vuc xir Iy mdi truong, mang hydrogel tir cellulose cho thay tiém
nang (g dung rat tét. Tac gia Trang Thi Cam Truong va cong su da téng hop
thanh cong mang hydrogel tir cellulose tach tir che xanh phan wng vai acrylic
acid (AA) véi tdc nhan tao lién két ngang N,N’-methylene bis-acrylamide
(MBA) va tac nhan phan thg ammonium persulfate (APS) tng dung hap thu
methylene blue. Cau tric mang hydrogel tong hop da duoc xac dinh [6]. Tac
gia Vi Nang An va cong su da tong hop mang hydrogel tir b4 mia thd theo
phuong phap hoa hoc tao nanocellulose két hop véi alginate dé hap thu céc
pham nhudm hitu co khé phan hiy [7]. Gan day, tac gia Fuchao Li va cong su
da téng hop mang hydrogel tir bd mia két hop véi polyacrylic acid dé loai bo
ion kim loai nang [45].

Mot s phuong phéap tong hop mang hydrogel trén nén cellulose duoc biét
dén nhu tao lién két chéo trén nén cellulose bang phuong phap vat ly (cét
mach bang phuong phap dong lanh - freeze-thawing technique, phuong phap
quang hoa, phuong phap bic xa), tao lién két ngang bang phuong phap hoa
hoc (str dung axit citric, epichlorohydrin, glutaraldehyde, Hinh 1.4); phuong
phap polymer hoa [10].
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Hinh 1. 4: Phan iing téng hop hydrogel cia chitosan véi gultaraldehyde
Viét Nam 1a dat nuéc ndng nghiép, do do, c6 ngudn nguyén liéu xanh cung
cap cellulose rat doi dao. L4 dira, ba mia, xo dura... 13 cdc ngudn nguyén liéu
rat dugc cac nha khoa hoc trong nuéc quan tdm. Tac gia Phan Thi Tuyét Mai
va cong su da tong hop mang hydrogel tir cellulose c6 trong 14 dira véi acrylic
acid, tac nhan tao lién két ngang N,N’-methylene bis-acrylamide (MBA) va
tac nhan phan tng ammonium persulfate (APS) bang phan @ng este héa [9].
Téc gia Doan Van Hong Thien va cong su da tong hop mang hydrogel tir 14
dra & Hau Giang voi tac nhan tao lién két ngang la ethylene glycol
dimethacrylate (EGDMA) va tac nhan khoi mao phan ung
azobisisobutyronitrile (AIBN) [16].

1.2. GIOI THIEU VE NANO BAC VA TAC DUNG KHANG KHUAN

Thoi gian gan day, nhiéu nghién ctru da khang dinh, bac & kich thudc nano cé
kha ning khang khuin cao hon nhiéu lan so véi bac ¢ kich thudc micro.
Nhiéu hudng nghién ciu ché tao va ang dung nano bac vao doi séng va y hoc
rat duoc cac nha nghién ctru trong nudc ciing nhu trén thé giéi quan tam.

Nano bac la c4c hat bac c6 kich thudgc nhé hon 100 nm. Mot s6 phuong phap
tong hop nano bac duoc biét dén nhu: phuong phap dn mon laze, phuong
phap khir héa hoc (trong d6 cac chat khir co thé la: borohydrid, citrat, axit
ascorbic, va khi hydro) phuong phap khtr vat 1y, phuong phap khir hoa ly,



phuong phéap khir sinh hoc (nhu: protein, peptide, carbohydrat, vi khuan, nim
va ta0)... [21-25]. Bac va cac hop chit cua bac thé hién tinh doc ddi vai vi
sinh vat (vi khuan, virus, tao va nam...). Tuy nhién, khac véi céc kim loai
nang khac (chi, thuy ngan...) bac khong thé hién doc tinh véi con nguoi. Hon
nita, bac dugc sir dung nhu mot x(c tac di thé trong cac qué trinh sinh truong
cua vi sinh vat, do do, it bi tiéu hao trong qué trinh sir dung. Nano bac c6 thé
gay doc lén nhiéu loai vi khuan (khoang 650 loai) lén hon phd tac dong cua
cac chat khang sinh con nguoi biét hién hay (tr 5 — 10 loai). Khi ion bac
(Ag") tac dung vai lop mang cua té bao vi khuan gay bénh c6 nhém sulfhydril
—SH cua qué trinh chuyén héa oxy cta enzym va vd hiéu héa qua trinh
chuyén hoa oxy enzyme dan dén tc ché qua trinh hé hap cua té bao vi khuan.
Ngoai ra, cac ion bac (Ag*) con c6 kha ning ¢ ché qué trinh phat trién cua vi
khuan bang céach san sinh ra géc oxy c6 kha ning oxi hoéa manh ROS
(reactive oxygen species).

2Ag"+ 0% > 2A¢°+0° (1)

Trong céau tric hat nano bac c6 chaa céc ion bac (Ag") hit cac nhém mang
dién tich am trén cac té bao vi khuan (trong phan tir sinh hoc nhu sulfhydryl,
carboxyl, phosphate). Phan (ing lam thay doi cau trdc phan tir cua cac dai
phan tir tao ra cac 15 hong lam thay d6i tinh tham va su ho hap cua té bao. Bac
c6 kha nang dong thoi tin cong vao rat nhiéu vj tri trong té bao gay mat kha
ning hoat dong cua cac qua trinh chuyén hoa trong co thé nhu chtrc ning hop
thanh té bao, mang van chuyén, chic nang téng hop cac axit nucleic; chic
nang van chuyén, chicc ning di chuyen cua céc electron 13 rat quan trong
trong viéc tao ra ning lwong cho té bao, gay bat hoat enzym va lam réi loan
qua trinh sao ma DNA. Khi c4c chic nang ndy khdng on dinh (nhu: khong
hoat dong, bi kKim hdm hoic gian doan) vi sinh vat bi uc ché hoac chét [26].

-SH -SAg"
Meu‘ hoat hod + 2Ag" —> Meu‘ thu dong + 20
-SH SAg'

Hinh 1. 5: lon bac v6 hiéu hda enzym chuyén hda oxy cua vi khudn

Téc gia Angela Ivask va cong sy di so sanh kha ning khang khuan caa ion
bac véi nano bac (kich thudc nano bac 10, 20, 40, 60 va 80 nm) trong moi
truong in-vitro. Két qua nghién cau cho thay, kich thuéc nano bac cang nho
thi gia tri ECs, cang thap, ching to kha nang khang khuan caa nano bac cang
manh, tuy nhién van yéu hon so vaéi ion bac [27].



Hinh 1. 6: Mt s6 anh SEM cua cdu tric nano bac A.Hat cqu; B.nano dang
cau C.bac nano dang que D.bac nano dang ong E.bac nano dang vay F.bac
nano dang ldp phuwong G.bac nano dang sao H.bac nano dang soi 1.bac kich

thwoc nano [27].

Bang 1. 1: Mot s6 két qua tong hop nano bac véi phuong phap, tién chat, chat

khtr va c4c chat 6n dinh twong ng [28]
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Quang hoa AgNO; glycol PVP 5-10
Quang hoa AgNO; uv 4-10
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Hinh 1. 7: Gia tri EC50 twong ing doi véi mét sé logi vi khudn va naém cua
ion bac va nano bac [27].

1.3. VAT LIEU HYDROGEL KHANG KHUAN

Ké tir lan dau tién phét hién ra penicillin vao nam 1928, khang sinh da duoc
st dung rong rai trong linh vuc khang khuan [28]. Véi sy phét trién cua vé
sinh cdng cong va cong nghé y sinh, nhiéu bénh nhiém trang da bi ngan chan
hoac tham chi bi ché nguy mot cach hiéu qua, va chat lugng cudc SOng con
nguoi da dugc cai thién dang ké. Tuy nhién, mot van dé nghiém trong van ton
tai 1a viéc str dung khang sinh di din dén su xuat hién caa céc vi sinh vat da
khang thudc, rat kho chong lai, din dén hon 13 triéu ngu:(‘wi chét mdi nam do
cac bénh truyén nhiém trén toan thé gioi [29]. Chinh vi vay, nhimg nam gan
day, cac vat lieu khang khuan mai, tién tién, da chic niang nhu hydrogel ¢6 xu
huéng duoc quan tdm nghién ciu nhiéu hon. Theo phan loai cua chat nén
hydrogel va cac tac nhan khang khuan, hydrogel khang khuan dwoc chia
thanh ba loai: (i) hydrogel chtra hat nano vo co, (ii) hydrogel chira tac nhan
khang khuan va (iii) hydrogel c6 kha nang khang khuan von co.

Vit lidu hydrogel khang khuan chia hat nano v co chu yéu bao gom céc ion
kim loai va hat nano oxit kim loai. Cac ion kim loai/nano kim loai thuong
dugc su dung nhu bac (Ag), vang (Au) va dong (Cu). Hién nay, cac vat liéu
khang khuan vo co duogc st dung rong rdi nhat 1a cac hat nano bac va nano
ZnO [30]. Hydrogel thu nap vat liéu khang khuan vo co khong chi c6 thé ting
cuong dic tinh khang khuan ma con c6 thé duy tri hoat dong khang khuan
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trong mot thoi gian dai, 1am giam kha ning phat sinh khang thudc cua vi
khuan.

Hydrogel chira nano bac bao gdm hai loai ma tran: (i) polymer ty nhién hoic
polymer tu nhién bién tinh va (ii) polymer tong hop. Cac polysacarit dong
mot vai tro quan trong trong mang khéng gian cuaa hydrogel tu nhién.
Alginate 13 mot trong nhiing polysaccharid tu nhién mach thang c6 thé tao
thanh hydrogel thong qua twong tic ion v6i Ca®*. Stojkovska va cong sy da
két hop cac AgNPs vao c4c hat vi nhyua natri alginate (SA) thdng qua qué
trinh dién hoa, gilp giai phong cac AgNPs va/hoic Ag™ mot cach hiéu qua va
cho thay hoat tinh khang khuan chéng lai S. aureus [31]. Cu thé, nong do toi
da cua Ag duoc giai phong tir cac hat vi hat SA 1a khoang 0,3 x 107> M, voi
kha ning diét khuan dat dén 95,8%. Madhusudana Rao va cong su di dong
gop thém cho nghién ctiu nay bang cach tao ra cac hydrogel tir SA két hop
véi AgNPs [32]. Nghién ciru cho thay hydrogel hon hop nano Ag cé thé dugc
st dung cho céc ung dung y sinh, chang han nhu bang vét thuong va tham chi
la loc nuée. Hon nita, Neibert ¢3 mo ta mot phuwong phap dé ting cudng do
bén co hoc cua hydrogel tir SA két hop vi AgNPs. AgNPs duoc gan trén cac
soi SA lién két ngang boi canxi-hoic N,N-methylenebisacrylamide, c6 thé
duoc ding dé bang bo hoac chira lanh vét thuong [33]. Tat ca cac hydrogel c6
chira AgNPs déu cho thay hoat tinh khang khuan tt ddi véi vi khuan Gram
am E. coli [34, 35]. Tac gia S. Ravindra va cong su da tong hop mang
hydrogel tir acrylamide va axit 2-acrylamido-2-methyl propanesulfonic. Nano
bac dugc phan tan vao trong mang bang cach khtr ion bac tir dung dich bac
nitrate 5m M ngam trong 1 ngay vai NaBH, 10mM [8].

Chitosan (CS) va chitin (CT) c6 dic tinh khang vi khuan va c6 kha nang lién
voi  kim  loai. Hydrogel dua trén CS hoac CT nhu CS/2-
glycerophosphate/Hydrogel nano bac va mang khong gian caa Ag,Mo,0,/CT
cling thuong duoc sir dung cho cac ung dung khang khuan [36, 37].
Ag,M0,0,/CT Hydrogel cho thay cac quy trinh tong hop xanh va kha ning
khang vi khuan E. coli rat tét [36]. Véi su tro gitp caa CS hay CT, hydrogel
nano bac da nang cao hiéu qua va giam doc tinh. Reddy va cong su da chung
minh rang gelatin ty nhién va khong doc hai da gop phan giit va on dinh
AgNPs [35].

Cac nghién cau vé hydrogel tir cellulose cua cac nha khoa hoc trong nudc
phan 16n tap trung ché tao vat liéu hydrogel tir nhitng ngudn cellulose sin co.
Mot s6 tng dung dang dugc tap trung nghién ctru nhu kha nang hap thu nudc
va kha nang hap phu cac chat mau, chat doc hai... trong xir Iy méi truong [6,
7,9, 38]. Cac chat nén hydrogel lién két chéo dong vai tro 1a chat mang tuyét
voi dé giai phong co kiém soat cac tac nhan khang khuan. Tuy nhién, nghién
ctru ché tao mang hydrogel khang khuan tir cellulose ung dung trong y sinh
con gap nhiéu kho khan do viéc phan tan chat khang khuan trong hydrogel rat
kho ddng déu, anh huong dén do bén cia mang. Mit khéc, cau tric ciia mang
hydrogel c6 kha ning bi bién d6i dan dén co tinh suy giam manh khi c6 thém
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chat khac phan tan trong cu tric 3D cua hydrogel. Chinh vi vay, viéc ché tao
mang hydrogel khang khuan trén co s& cellulose van la mot thach thuec.

NCG-AgNPs
0.7 -

0.6 PhCG-AgNPs

Base
hydrogel

0.5

04

034

Absorbance (A.U.)

Hydrogel Hydrogel

(before silver reduction) (after silver reduction) 024
CMC cMC 014
Glycerin Glycerin
NCG or PhCG NCG or PhCG 00 T T
300 400 500 6 700
A AgNO, AgNPs B Wavelength (nm)

Hinh 1. 8: Quy trinh khz ion bac trén mang hydrogel

Bhavana V. Mohite va Satish V. Patil da phat trién céng nghé in situ gan nano
bac 16n mang cellulose dé bang vét thuong mot cach 6n dinh. Trong nghién
ctiu nay, cac nha khoa hoc di tién hang thir nghiém danh gia kha niang khang
khuan caa mang cellulose voi vi khuan gram dwong S. aureus [39]. Ana
Lustosa va cong su di tong hop nano bac theo phuong phap in situ trong
hydrogel cua carboxymethyl cellulose vai Phthalated-cashew gum wng dung
trong chita bénh va khang khuan nho tac dung khang khuan & phé rong va
kha nang giai phong cham ra ion bac trong qué trinh str dung [40]. Nam 2020,
Aida Fadakar Sarkandi va cong su da tong hop nano bac st dung tra xanh 1am
chat nén cho qua trinh 1én men cua vi khuan Acetobacter xylinum c6 b sung
chat khir. Hat nano bac c6 kha ning khuan rat tot véi 2 loai vi khuan S.aureus
and E.coli m¢ ra hudng di méi trong viéc ng dung vat liéu vai vao qua trinh
diéu tri vét thuong [41]. Gan day, nhiéu nghién ciru d3 nd lyc ché tao nano
bac ¢ng dung trong cé4c vat liéu dé diéu tri vét thuong hodc khir khuan tng
dung trong xir Iy nudc nhidm khuan [42-44]. Tac gia Ana Karina Marques
Fortes Lustosa va cong su da tong hop mang hydrogel chira nano bac ung
dung trong diéu tri bénh va da tién hanh céc thir nghiém trén chudt [40].

isopropyl

Hgeloms dohol S |+ organosolof
L
\opg :> ot AONPS oo o
_@_ CC powder
reactor wall 77 K sobvent €0,
Ut dlssolutuon - gelation exchange drying
' '
e |0 :> E{>m ‘%i&
composite "

Hydrogel Aerogel

Hinh 1. 9: Phan tan nano bac vao mang hydrogel theo phuwong phdp tam
[43].
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Nam 2021, tac gia Alexander Vasil’kov da dwa nano bac vao trong mang
hydrogel bang phuong phap nhing tao ra mang hydrogel khang khuan.

Téac gia Mirian Sumini va cong su da nghién cuu ché tao mang hydrogel
cellulose véi axit hyaluronic két hop nano bac [46]. Nam 2023, tic gia
Artjima Ounkaew va cong su da nghién cau mang hydrogel tir cellulose la
carboxymethyl cellulose, nanp bac dugc tong hop theo phwong phap xanh véi
dich chiét 14 16 hoi va axit tannic [47].

Deionized water AgNOt 150 mM. 0.6 ml

CMC ’\j ;
E% —

Stirred 3 hr Aloe vera 10 ml

EZe

Stirred 45 min
| Stirred 5 min ]

l Glycerol + NaHCO,

iﬁ%

TA0-1.59

Stirred 30 min

O -

AgNPs-TA hydrogel 140°C for 10 min 40°C for 24 h CMC/Aloe vera/ AgNPs-TA
solution

Hinh 1. 10: Quy trinh téng hop mang hydrogel/Id hgi/nano bac

Tu tinh hinh téng quan nghién ctru trong va ngoai nuéc cd thé thiy, mang
cellulose hydrogel c6 ngudn géc thién nhién, ¢ tiém nang wng dung rat 16n
trong linh vuc y sinh. Tuy nhién, d6 bén caa mang chua cao. Hat nano bac thé
hién kha nang khang nhiéu loai vi khuan trén pho rong va tuong doi an toan
d6i vai con nguoi. Do dé, trong khuon kho dé tai nay, cellulose sé duoc bién
tinh dé ché tao hydrogel bang cach tao lién két chéo giita cac dai phan tu
cellulose (crosslinked cellulose), sau d6, nano bac dugc phan tan vao nén
cellulose bién tinh dé thu dugc mang hydrogel khang khuan. Bé tai nham muc
dich ché tao vat liéu hydrogel c6 kha niang khang khuan tét, dong thoi nang
cao gié tri caa sinh khdi cellulose 1a ngudn nguyén liéu san c6 caa Viét Nam.
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Chuong 2. THU'C NGHIEM
HOA CHAT VA THIET BI THi NGHIEM

Hoa chat

Cellulose (CsH100s), microcrystalline 20 um cua Sigma Aldrich

Amoni pesunfat (NH,4),S,0g5 99% cua Nacalai Tesque Inc

Axit Clohidric dac HCI 36% cua Sigma Aldrich

N,N’- Methylenebiacrylamide C;HoN,O, (MBA, 99.5%) cua Sigma
Aldrich

Axit acrylic CH,CHCOOH (AA, 99%) cua Sigma Aldrich

Nano bac (kich thudc <100 nm, 99.5%) cua Sigma Aldrich

Natri hidroxit NaOH (99.5%) caa Sigma Aldrich

Gelatin (chiét xuat tir da ca) cua Sigma Aldrich

Sodium dodecyl sulfate (SDS, 98%) cua Nacalai Tesque Inc

Thiét bi

Bo dung cu va thiét bi ghép (binh phan tng, may khuay co, binh on
nhiat)

AREC.T

Hinh 2. 1: May khudy co cia IKA, May khudy tir gia nhiét Velp
May khuay tir gia nhiét
Can phan tich

Dung cu thay tinh c4c loai: Binh dinh mc cac ¢, cdc c6 mo, pipet, dia
dung mau, dia petri, 6ng nghiém, binh nén c6 nut bdng, que gat, que
cdy... yéu cau dung cu thi nghiém khong dinh cac chat hop chét vo co,
hitu co, dung cu bang thay tinh can phai dugc 1am sach va vé trung.
Giay loc, giay chi thi pH.

Cac may do phan tich mau

Tu say, may do OD, ta hat, ta nudi cay vi khuan.

Thudc kep Palme
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2.2. PHUONG PHAP NGHIEN CUU

2.2.1. Phuwong phap tong hop mang hydrogel

Mang hydrogel dugc tong hop theo cac budce nhu sau:
Budc 1: Tao hé huyén phu cellulose.

- Cho 1g cellulose vao 10 mL dung dich NaOH 4M. Khudy trén bép tu,
nhiét do phan tng 70-80°C, thoi gian khuay 30 phut, toc do khuay 300-
500 rpm.

- Trung hoa bing dung dich HCI1 0,5 M dén pH = 6-7.
Budc 2: Tao mang hydrogel

- Can ammonium persulfate ((NH,4)»S,0g), N,N'-
Methylenebis(acrylamide) (C;H1,N»O,) va acrylic acid theo Bang 2.
- Cho ammonium persulfate ((NH,4),S,0s), N,N'-

Methylenebis(acrylamide) (C7H1oN,O,) va acrylic acid vao huyén phu
cellulose. Khuay trén bép tr, nhiét d6 phan ung 70-80°C, thoi gian
phan tng 5 gio, toc dd khuay 300-500rpm.

Trai mang trén dia petri sdy & 50-60°C trong 3 gio.

Mang duoc rira bang nudc cat cho dén khi loai bo hét cac chat da tham
gia phan ng.

Quy trinh tong hop mang cellulose duoc thé hién trén Hinh 2.2.

Cellulose NaOH 4M HCI1 0.5M
2 %
I
Khuéy, gia nhiét >

Khudy, gia nhiét @ |
| > \

(NHy),S,0g

Mang hydrogel Acrylic Acid D

A2

Methylenebis
(acrylamide)

1. Khudy, gia nhiét
2. Rira, siy

< |

Hinh 2. 2: So dé tong hop mang hydrogel trén co so cellulose
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Cac diéu kién vé nhiét do, thoi gian cho qué trinh tong hop, ham luong acrylic
acid, ammonium persulfate va tac nhan tao lién két chéo N,N’-Methylenebis
(acrylamide) duoc khao sat dé xac dinh diéu kién ché tao tdi wu cho mang
hydrogel. Bang 2.1 thé hién ham luong cua cac thanh phan tham gia phan tng
trong cac thi nghiém.

Bang 2. 1: Thanh phan tao mang hydrogel tir cellulose

Mdu APS AA MBA
(mg/g cellulose) (mg/g cellulose) (mg/g cellulose)
HC -1 1,2 1,6 0,2
HC -2 1,0 1,6 0,2
HC -3 0,8 1,6 0,2
HC -4 1,0 1.4 0,2
HC -5 1,0 1,8 0,2
HC -6 1,0 1,6 0,1
HC -7 1,0 1,6 0,3

2.2.2. Phan tan nano bac trong hydrogel cellulose

Sau khi xac dinh duoc diéu kién téi wu dé tong hop mang hydrogel trén co s
cellulose, nano bac duoc phan tan vao mang.

Nano bac dugc phan tan vao mang hydrogel cellulose theo cac bude nhu sau:

Budgc 1: Tao hé huyén phu cellulose.

- Cho 1g cellulose vao 10 mL dung dich NaOH 4M. Khuay trén bép tir,
nhiét do phan tng 70-80°C, thoi gian khuay 30 phut, toc do khuay 300-500
rpm.
- Trung hoa bang dung dich HCI 0,5 M dén pH = 6-7.
Budc 2: Tao mang hydrogel
- Cho ammonium persulfate ((NH,)2S20¢), N,N'-
methylenebis(acrylamide) (C;H1oN.O;), acrylic acid va huyen phu nano
bac vao huyen phu cellulose. Khuay trén bép tu, nhiét d6 phan ung 70-
80°C, thai gian phan (ing 5 gid, toc do khuay 300-500 rpm.

- Trai mang trén dia petri siy & 50-60 °C trong 3 gio.
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Mang duoc rira bang nudc cat cho dén khi loai bo hét cac chat dd tham
gia phan ang.

Cac thanh phan tham gia phan @ng duoc khao sét theo cac gié tri trong Bang
2.2.

Bang 2. 2. Céc thanh phan tham gia phan tng.

Chat APS MBA AA Gelatin | Nano Ag
(mg/g (ma/g (mg/g (mg/g (mg/g

Mau cellulose) | cellulose) | cellulose) | cellulose) cellulose)
Cel 1,2 0,2 1,6 0 0
Cel/Ag-1 1,2 0,2 1,6 0,01 5
Cel/Ag-2 1,2 0,2 1,6 0,01 10
Cel/Ag-3 1,2 0,2 1,6 0,01 15
Cel/Ag-4 1,2 0,2 1,6 0,01 20

Quy trinh phan tan nano bac vao mang cellulose dugc thé hién trén Hinh 2.3.

Cellulose NaOH 4M HC1 0.5M Nano bac
& D

(NHy),5,04

Acrylic Acid D
S 2

— N,N'-
: Methylenebis
—

Mang hydrogel

1. Khudy, gia nhiét
2. Sdy, rira

< |

Hinh 2. 3: Phurong phdp phan tan nano bac vao mang hydrogel cellulose.

(acrylamide)
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2.2.3. Pic trung hinh thai cdu tric va tinh chit ciia mang hydrogel cellulose

CAu trdc va hinh thai hoc cua mang dugc dac trung boi cac phuong phap:
quang pho hong ngoai bién doi Fourier (FT-IR), kinl] hién vi quét cth ion
hoi tu (Focus lon Beam SEM - FIB-SEM) va kinh hién vi dién tu truyén qua
TEM.

Phwong phap sir dung kinh hién vi quét chum ion hdi tu (Focus lon Beam
SEM - FIB-SEM)

Trong luan vin nay, cau tric bé mat cua vat liéu duoc xac dinh trén may
JSM-6510LV (hédng Jeol, Nhat Ban) tai Vién Ky thuat nhiét déi - Vién Han
lam Khoa hoc va Céng nghé Viét Nam.

Hinh 2. 4: Thiét b kinh hién vi dién tir quét (SEM)
Kinh hién vi dién tir truyén qua (TEM)

Anh TEM cuia cac mau vat liéu duoc ghi trén may JEM 2100, Vién Khoa hoc
vat liéu - Vién Han Lam Khoa Hoc va Cong nghé Viét Nam.
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Hinh 2. 5: So' dé nguyén tdc va hinh dnh thiét bi kinh hién vi dién tir truyén
qua (TEM)

Phuong phap pho hdng ngoai bién d6i Fourier (FT-IR)

Céc phép do phd hong ngoai trong luan van dugc thuc hién trén méay phan
tich quang phd hong ngoai FT-IR Nicolet iS10 (hdng Thermo Scientific, M¥)
tai Vién Ky thuat nhiét doi - Vién Han 1am Khoa hoc va Cong nghé Viét
Nam.

SIS

Hinh 2. 6: Hinh dnh cua thiét bi quang phé hong ngoai bién déi Fourier (FT-
IR).

Panh gia do bén co hoc ciia mang

Do bén kéo (tensile strength) va do gidn dai khi dut (elongation at
break) cua mang cellulose hydrogel duogc thuc hién trén thict bi kéo nén da
nang, hang Shimadzu — Nhat Ban tai Vién Ky thuat nhiét déi - Vién Han Ié~m
Khoa hoc va Céng nghé Viét Nam theo ASTM D882. Trong luan van, mau
thir duoc ché tao co hinh qua ta véi chiéu day 1,0 mm + 0,1 mm va chiéu dai
10 + 0,5 mm. Téc do kéo cua thiét bi 13 200 mm/phut.

,__/ | : \\_

PR

Hinh 2. 7: Hinh dgng cia mau thi hinh qud ta
Do bén kéo dat, TSy, dugc tinh theo cong thic:

F
TSy = VTi (1)

Trong do:
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- Fp 1a lyc ghi duoc tai diém dut (N)
- W la chiéu rong (mm)
Do gian dai khi dut, Ey, biéu thi bang phan tram, duoc tinh theo cong thic:
By = AL Q)

Trong do:
- Lo la chiéu dai thir ban dau (mm)
- Ly, la chiéu dai thir tai diém dat (mm)

Hinh 2. 8: Thiét bi kéo nén da néing
Phan tich nhiét trong lwong (Thermal Gravimetric Analysis-TGA)

Hinh 2. 9: Hinh anh cua thiét bi phan tich nhiét quét vi sai TGA
Céac phép phan tich nhiét trong luan van duoc thuc hién trén hé TGA209F1,

NETZSCH - buc tai Vién Ky thuat nhiét dai - Vién Han 1am Khoa hoc va
Cong nghé Viét Nam.
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Phan tich nhiét quét vi sai DSC

Hinh 2. 10: Thiét b; phan tich DSC
Céac phép phéan tich nhiét quét vi sai trong luan van duoc thuc hién trén hé
DSC204F1 Phoneix, NETZSCH - btc tai Vién Ky thuat nhiét doi - Vién Han
lam Khoa hoc va Céng nghé Viét Nam

Panh gia kha niang hap thu nwéc ciia mang

Kha ning hap thu nuéc cia mang duoc khao sat théng qua do truong ng trong
cac moi truong acid (pH = 4), trung tinh (pH = 7), bazo (pH = 10) bang cach
ngam mang trong dung dich dém.

Panh gia kha ning khang khuan cia mang hydrogel

Str dung phuong phép duc 16 thach. Cho cac mau mang nano bac dat vao 16
thach trén dia petri. U cac dia ¢ 37°C sau 24 gio (d6i véi vi khuan E. coli).

Két qua duoc xac dinh bang cach do duong kinh vong vé khuan bang thuéc
kep Palme c6 d6 chinh xac 0,01mm.
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Chuwong 3. KET QUA VA THAO LUAN
3.1. XAC PINH PIEU KIEN CHE TAO MANG HYDROGEL TU

3.1.1. Panh gia cim quan

Trong dé tai, mang hydrogel trén co s¢ cellulose dugc ché tao st dung tac
nhan tao lién ket chéo N,N'-methylenebis(acrylamide) va tac nhan khoi mao
phan (thg ammonium persulfate. Mot s6 hinh anh trong qua trinh thuc nghiém

dugc thé hién trong Hinh 3.1.

Bang 3. 1: Anh huong cua ham lugng N,N’-methylenebis(acrylamide) va
ammonium persulfate dén tinh chat cam quan caa mang hydrogel.

ammonium N,N'-
persulfate AA methylenebis(a
MAu (APS) crylamide), Nhan xét
(malg (mg/g cellulose) (MBA)
cellulose) (g/g cellulose)
HC -1 1,2 1,6 0,2 Mang gion
de nut vo
HC -2 1,0 1,6 0,2 Mang gion
de nut vo
HC -3 038 16 02 Khong hinf
thanh mang
Mang twong
doi dai,
HC-4 1,0 1,4 0,2 nhung  dé
nat vo khi
truong no
Mang dai
HC -5 1,0 18 0,2 mem, -
tuong dol
dong deu
Mang cung
HC -6 1,0 1,6 0,1 gion, dé nat
VO
HC -7 1,0 16 0.3 Mang yeu,

dé nut v
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Dé xac dinh ham luong céc tién chat thich hop nhat trong khoang nghién ctu,
ham lugng N,N'-methylenebis(acrylamide) va ammonium persulfate da duoc

khao sat thong qua mot sé tinh chat cam quan cua mang. Két qua cu thé duoc
liét ké trong Bang 3.1.

Hinh 3. 1: Hinh anh cac mdu mang HC1 + HC5 trong qué trinh ché tzo mang
hydrogel cellulose vai ham lwong MBA va APS khéac nhau.
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T Bang 3.1, ¢6 thé thay, khi bo sung N,N'-methylenebis(acrylamide) (MBA)
v6i ham lugng cao, toe d6 phan tng dién ra nhanh chong, két qua 13, mang c6
phan tir lwong thap, mang gion, d& nat. Nguoc lai, khi ham lwgng MBA thap,
tbc d6 phan tng cham hon, mang cé phan tir lwong 16n hon, do d6, mang ¢
d6 mém déo nhat dinh. Xu huéng twong tu ciing duoc quan sat khi bd sung
ammonium persulfate (APS) vao mang.

Két qua danh gia truc quan so bd ban dau c6 thé thay, ham luong AA, APS,
MBA lan luot 12 1,0; 1,8 va 0,2 mg/g cellulose (mau HC-5) 1a phil hgp nhét
trong cac diéu kién nghién ciru dé ché tao duoc mang hydrogel mém déo, c6
kha nang hap thu nudc tét va dic biét van giir dugce dic tinh mém déo ngay ca
khi da hap thy luong nuéc téi da.

3.1.2. Danh gia d¢ trwong né cua vat liéu

Kha ning treang nd 1a mot trong céc tinh chat rat quan trong cta hydrogel noi
riéng va céc vat liéu hap thu nude ndi chung. Trong nghién ciu ndy, kha nang
ngam nudc cia mang hydrogel di ché tao duwoc danh gia bang cach ngam
trong nudc 168 gio ¢ cac moi truong o gid tri pH khac nhau theo Bang 3.2
va Hinh 3.2,

Bang 3. 2: Do hap thu nuéc (%) caa cac mau cellulose hydrogel trong cac
moi truong o gia tri pH khac nhau.

Mau MGoi trwong acid | Moéi trwong trung tinh | Maéi truwong base
(pH = 3) (pH=7) (pH =10)
HC-1 713+5 710+ 4 810t 7
HC-2 721+1 712+5 824+ 6
HC-3 650 + 1 643+5 798+8
HC-4 703+3 696 + 7 820+ 3
HC-5 714 £2 705t 2 821+5
HC-6 693 + 2 681+ 6 805+ 6
HC-7 711+6 701+£3 793+4
Cellulose 164+ 0 152 +5 219+3

Do pH anh huong rat 16n dén kha nang hap thu nuéc cia mang hydrogel. Két
qua ¢ Bang 3.2 va Hinh 3.2 cho thay, d¢ truong nd cua cdc mau hydrogel tai
gia tri pH 3 va pH 7 twong &tng v&i moi truong axit va moi truong trung tinh,
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c6 gié tri twong dong nhau va thap hon han gla tri twong ng trong mdi trudng
bazo (pH 10) khoang 100+150 lan. Piéu nay c6 thé duogc giai thich nhu sau:
Trong ciu tric cua hydrogel c6 chua cac nhom chuc cacboxylic COOH.
Trong mdi truong bazo, so lwong cac anion am (OH) nhleu hon, nén céac gbc
cachoxylic cua polymer chuyén sang dang COO™ caa mudi, tir d6, ting cuong
kha ning truong nd va hap thu nuéc cua mang hydrogel. Nguoc lai, trong méi
truong axit (pH 3), kha ning hap thu nudc ciaa mang hydrogel giam di r6 rét.

Trong mdi truong trung tinh (pH 7) d6 hap thy nudc cia mang hydrogel
khéng bi anh huong boi cac ion duong hay ion am caa dung dich, phan tu
polymer ton tai & trang thai can bang. Tuy nhién, trong mach polymer c6 chtra
cac monomer ¢ khéi lwong phan tir 16n nén mang polymer cé tinh ki nuéc
hon so véi méi truong axit [14].
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Hinh 3. 2: D¢ hdp thu nuéc (%) cua cellulose va cac cellulose hydrogel trong céc
moi truong pH khac nhau

Nhu vay, théng qua viéc danh gid cam quan va xac dinh do hap thy nudc da
x4c dinh duoc ham luwong cua cac thanh phan khi ché tao vat liéu hydrogel
phu hop nhat 1a 1,0; 1,8 va 0,2 mg/g cellulose (mau HC-5). Biéu kién thi
nghiém nay duoc lra chon dé tién hanh ché tao vat liéu hydrogel khang khuan
véi nano bac trong céc phan tiép theo caa dé tai.

3.2. KET QUA NGHIEN CUU CHE TAO MANG HYDROGEL
KHANG KHUAN VOI NANO BAC

3.2.1. DPanh gia cam quan

Trong nghién cttu nay, nano bac dugc phan tan vao mang hydrogel véi cac
ham lugng thay doi trong khoang 5 + 20 mg/g cellulose, (Bang 3.3). Gelatin
véi ham luong 0,01 mg/g cellulose cling duoc bo sung trong qua trinh ché tao
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dé tang do bén, nhin min va déo dai cua mang. Cac mau thi nghiém khong c6
nano bac duoc thuc hién dong thoi dé doi ching.

Tir két qua duoc trinh bay trong Hinh 3.3 va Bang 3.3, c6 thé thay, khi ham
lrong nano bac nam trong khoang 5 — 15 mg/g cellulose, bé mat mau tuong

d6i nhan min, trong khi ham lugng nano bac cao hon 20 mg/g cellulose, bé
mat hydrogel tro nén go ghe, dé nirt v, mang kém beén.

Bang 3. 3: Cong thirc miu ché tao mang hydrogel/nano bac

Chét APS MBA AA | Gelatin | Nano Ag
(mg/g (mg/g (mg/g (mg/g (mg/g | Panhgia
Mau cellulose) | cellulose) | cellulose) | cellulose) | cellulose)
Cel 1,2 0,2 1,8 0 0
Cel/Ag-1 1,2 0,2 18 0,01 5 |[Mang
dong deéu,
Cel/Ag-2 1,2 0,2 18 0,01 10 |Pe mat
nhan min
Cel/Ag-3 1,2 0,2 18 0,01 15
Mang
kém bén,
Cel/Ag-4 1,2 0,2 1,8 0,01 20 dé bi nit
gay

3.2.2. Két qua phan tich hinh thai ciu tric cia vat liéu Cel/Ag

CAu tr(c mat cat ngang cua cac mang celullose hydrogel duoc thé hién trén
Hinh 3.4. C4c miu mang dugc ngam trong nito 16ng, sau d6 duoc bé giy dé
giit nguyén duoc cau tric trong qua trinh phan tich.

Tu Hinh 3.4 ta thdy, mang hydrogel c6 cau trdc rong bén trong véi nhiéu 15
x6p, tao diéu kién cho vat liéu c6 kha nang giir nuéc tét (mau Cel). Co thé
quan sat thdy cac hat nano bac bén trong mang cac mang Cel/Ag-1, Cel/Ag-2,
Cel/Ag-3, Cel/Ag-4. Trong mang hydrogel cd lién két ngang tao cau tric 3D
gitp cho hat nano bac cd thé phan tan vao trong cau triic cia mang mot cach
ddng déu.

Hinh 3.5 thé hién anh TEM, xé4c dinh ciu tric bé mat cta cac mau vat liéu.
C6 thé thdy, nano bac duoc phan tdn mot cach kha dong déu vao mang lui
ctia mang. Céac hat nano bac déu dugc quan st thay trong tat ca cac mau
Cel/Ag-1, Cel/Ag-2 va Cel/Ag-3. Kich thuéc hat nano bac trong cac mau
Cel/Ag-1 va Cel/Ag-2 kha twong dong, khoang 500 d¢én 800 nm.
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Hinh 3. 3: Hinh anh mang hydrogel cellulose va hydrogel cellulose c6 chira
nano bac
Trong trudng hop ham lugng nano bac cao hon, (mau Cel/Ag-3), dudng nhu
d3 c6 su két tu cac hat nano. Viéc ting kich thudc hat khi ham luong bac cao
c6 thé duogc giai thich tir quan diém dong hoc héa hoc. Téc d6 tao mam cua
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cac hat bac ty 1& thuan véi ham luong bac. Khi téc do tao mam tang 1én, man
tinh thé co kich thudc 16n hon. S6 lwgng hat nano bac ti 1é nghich véi kich
thudc hat nano bac. Hién twong nay co thé anh huong téi tinh chat mang
hydrogel nano bac trén nén cellulose.

Hinh 3. 4: Anh SEM cua c4c mau mang hydrogel.
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¢

Hinh 3. 5: Anh TEM d¢ phéng dai x 2500 cua mang hydrogel cellulose
3.2.3. Két qua phén tich pho hong ngoai FT-IR

Hinh 3.5 thé hién pho hdng ngoai cua cac mau cellulose hydrogel khi c6
(Cel/Ag-1) va khéng c6 nano bac (Cel). Tir Hinh 3.6 c6 thé thay, trong ca hai
truong hop, ta déu quan sat thay cac ving dao dong c6 dinh peak tai s6 s6ng
2924,86 cm™ dic trung cho dao dong hoa tri cua lién két don C-H [44]. Mot
peak kha rong tir 3000 cm™ dén 3500 cm™ dic trung cho dao dong hoa tri caa
lién két OH lién phan tir [44].

Ngoai ra, ta ciing quan sat thdy vung dao dong véi dinh peak tai s song
1700,57 cm™ dic trung cho dao dong cua lién két déi C=O cua nhém
carboxyl trong acid acrylic trong cellulose [44]. Binh peak tai 1436,05 cm™
twong wng v4i dao dong ubn cong doi xung cua lién két C=C trong
acrylamide. Dao dong voi dinh peak tai 1050,87 cm™ cho thy su hién dién
cua lién két glycoside C-O-C trong thanh phan cua hydrogel. Dao dong c6
dinh peak tai 1161,15 cm™ cho thay su hién dién cua lién két glycoside C-O.
So sanh phd FT-IR cua cac mau co thé thay, cuong do hap thu caa mau Cel
thap hon so voi mau Cel/Ag-1, thé hién viéc bd sung nano bac vao mang
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hydrogel ting hiéu ung cua lién két ngang. Co ché phan ung tao mang

hydrogel tir cellolose dugce dé xuat trong Hinh 3.7 [16].

Cel

(Cel/Ag-1)

98've6¢
£5°00/T

SO'9erT
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| | | | | | | |
4000 3600 3200 2800 2400 2000 1600 1200 800 400
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Hinh 3. 6: Phé FT-IR cia mang hydrogel mau Cel va mdu Cel/Ag-1.
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Hinh 3. 7: Co ché phan ing téng hgp mang hydrogel [16].
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3.2.3. Két qua phan tich kha ning bén nhiét ciia vat li¢u

D¢ danh gia do bén nhiét ciia mang hydrogel cac mau vat ligu da duoc phan
tich bang c&c phuong phap DSC va TGA.

Két qua phéan tich bing phwong phap nhiét quét vi sai DSC cia mang
hydrogel khéng c6 bac (Cel) cho thay da xuat hién dinh nhiét caa qua trinh
thu nhiét tai nhiét do khoang 101°C do qua trinh bay hoi ctia nudc (Hinh 3.8).
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Hinh 3. 8: Gidn d6 DSC cuia mdu Cel.

Ta ciing quan sat thdy hién twong nhiét hoéa hoi tai dinh peak q108,8°C, thé
h[én su phé hay tuong tac gitra nhém OH/nudc b1 hap thu, c6 thé dugc mé ta
bang nguyén t oxy trong nhom OH/nudc bi hap thu ¢ cac cap electron ty
do, dac trung cho qua trinh chuyén pha, twrong tng véi ham lugng nudc ket
tinh trong vat liéu bi bay hoi.

Gian d6 DSC cua mau mang hydrogel Cel/Ag-3 cho thay, cac dinh co cuong
d6 thap hon (Hinh 3.9). Trong khi nguyén ti bac c6 6 trong dién tir do bé mat
c6 mot 16p thu dong. Nguyén tir O va nguyén tir bac 6 thé hinh thanh tuong
tac co tinh chat twong tu nhu lién két cong hoa tri 1am ting mat do dién tich
cua hydrogel, kich thudc hat bac cang nho thi twong tac cang manh. Bé mit
nay 6n dinh hydrogel va cuong d6 cuc dai thu nhiét giam. Mau Cel/Ag-3 ¢6
nhiét d6 hoa hoi tai 127,35°C, cao hon so véi mau Cel, thé hién su bén nhiét
cao hon cta cac mau khi dwoc b sung nano bac vao mang.

DDSC mW/min
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Hinh 3. 9: Gidn d6 DSC mang hydrogel mau Cel/Ag-3.
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Hinh 3. 10: Gidn dé DSC cua cac mau mang hydrogel.
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Tur Hinh 3.10 c6 thé thay, dién tich peak cua Cel/Ag-2 nho hon dang ké so voi
Cel/Ag-1 va Cel/Ag-3, chung to sé lugng lién két hydro trong Cel/Ag-2 1a
thap nhat. Hién twong nay c6 thé duoc giai thich 1 do c4c hat bac c6 ham
luong cao trong Cel/Ag-2 hinh thanh twong tac manh véi cac nhom OH
va’hoic hap thu nude trong hydrogel. Do d6, ning lwong cua lién két hydro
gitta cac nhoém OH va/hoidc nude bi hap thu giam xudng. Pinh cuc dai xuét
hién & nhiét d6 cao cho biét ning lwong trung binh cua lién két hydro cao.
gian @6 DSC cho thay ning lugng cua lién két hydro bi giam khi cac hat bac
c6 trong hydrogel. Binh cuc dai trong biéu do nhiét DSC cia Cel/Ag-2 la thap
nhét, cho thay ndng lugng cua lién két hydro trong Cel/Ag-2 1a nho nhat.
Ngoai ra, ¢ thé do twong tac giita nhém bac va nhom OH da thay thé lién két
hydro trong hydrogel.

Dé bén nhigt TGA

Hinh 3.11 va Hinh 3.12 thé hién gian d6 TGA cua cac mau Cel va Cel/Ag-3.
Khi nhiét do chuyén pha thé tich, hiéu ang Ky nuéc giita cac chudi polymer
tré nén manh hon va lién két hydro giita cac nhom amit véi cac phan tir nude
tré nén yéu hon, dan dén céc chudi polymer co lai, do dé thé tich cua cac mau
hydrogel bi suy giam.
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Hinh 3. 11: Gidn d6 TGA ciia mau Cel

Vi mau Cel, khoi lvgng mau suy giam tir tir trong khoang nhiét do tur 25 °C
dén 500°C va c6 thé dugc thanh chia 1am 3 giai doan:
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i) Giai doan thir nhat, trong khoang nhiét do tir 25 °C dén 250 °C, c6 thé quan
sat thiy dinh cuc dai tai 216,7 °C, twong Gng véi tde do sut giam khdi lugng 1a
1,69%/phut, ¢ thé 1a do qua trinh bay hoi cua nudc ty do va nudc ¢ dang
hydrat cé trong mau.

ii) Giai doan thtr hai, trong khoang nhiét do tir 250 °C dén 325 °C, toc do sut
giam khdi tang 1én, 5,91%/phut, twong tng véi qué trinh pha huy céc lién két
trong mach polymer, véi dinh nhiét cuc dai duoc quan sat tai 283,8 °C.

iii) Giai doan thir ba, trong khoang nhiét do tir 325°C dén 500°C vaéi dinh cuc
dai tai 391,2 °C va toc d6 hut khdi 1a 3,86%/phut, cho thay mang hydrogel Cel
d3 t6ng hop c6 dd bén nhiét cao, nudc dang hydrat c6 trong mau co lién két
bén v&i mang ludi, tao nén mot cau trdc chit ché [16].
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Hinh 3. 12: Gidn dé6 TGA mang hydrogel mdu Cel/Ag-3

Gian d6 TGA cuia mau Cel/Ag-3 cho thay cd sy khac biét rd rang. Khéi luong
mau suy giam tir tir trong khoang nhiét do tir 25°C dén 500°C, duoc chia 1am
hai giai doan:

i) Giai doan tir 25°C dén 325°C véi 3 dinh cuc dai dugc quan sat tai 210,9°C:
246,7 °C va 285,8 °C voi téc do hut khdi lan luot 1 3,51%/phat; 3,82%/pht
va 3,32%/phut, tuong tng v4i qua trinh bay hoi ciia nudc tu do va nudc &
dang hydrat c6 trong mau.
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ii) Giai doan th hai trong khoang nhiét do tir 325°C dén 500°C véi dinh cuc
dai tai 397,4 °C véi téc do hut khéi 1a 3,58%/phit cho thidy mang hydrogel
Cel/Ag-3 di tong hop c6 do bén nhiét cao, nudc dang hydrat cd trong mau cé
lien két bén voi mang ludi, tao nén mot cau tric chat ché. Bac lam ting do
bén nhiét caa vat liéu. Bidu nay cho thiy vat liéu hydrogel khang khuan cé
kha ning bén nhiét & nhiét do cao tét hon vat liéu hydrogel ¢ dang thuan. Két
qua tuong tu cling duoc quan sat voi cdc mau Cel/Ag-1 va Cel/Ag-2 (Hinh
3.11 va Hinh 3.12) voi khoang nhiét do va dinh cuc dai twong dong véi mau
Cel/Ag-3. Biéu nay cho thay viéc b6 sung nano bac lam ting do bén nhiét cua
vat liéu, phu hop véi muc dich cai thién tinh chat mang hydrogel.
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Hinh 3. 13: Gian dé6 TGA mang hydrogel mdu Cel, Cel/Ag-1, Cel/Ag-2,
Cel/Ag-3
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Hinh 3. 14: Gidn d6 dTGA mang hydrogel mau Cel, Cel/Ag-1, Cel/Ag-2,
Cel/Ag-3

3.2.4. Xac dinh ti 1€ trwrong né cia cac mang hydrogel

Mtrc d6 truong nd va kha ning gilt nudc trong 168 gio ciia cac mau hydrogel
Cel/Ag-1, Cel/Ag-2, Cel/Ag-3 c6 chira nano bac dugc danh gia va thé hién
trong Bang 3.4,

Bang 3. 4: Bang do truong n¢ va khd néng gilt nugc cua mang hydrogel phu
thudc vao nong dé nano bac

Nong do nano | ) oL

MAL bac/Cellulose P9 trwong né | Kha ning gitr nuwéc

(%) (%)
(mg/g)

Cel 0 712 484
Cel/Ag-1 ) 710 502
Cel/Ag-2 10 705 577
Cel/Ag-3 15 1220 685
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Hinh 3. 15: Su phu thuoc do truong no va kha nang giir nuroc cua cac mau
mang hydrogel vao ham lirong nano bac.

Cac gia tri trong Bang 3.4 chi ra rang, hydrogel ¢ kha nang hap thu nuéc (do
truong nd) cao. Muc do truong nd trong nudc phu thuoc vao do rong cua
mang hydrogel. Két qua nghién ctu cho thiy, mic do truong nd caa c4c mau
Cel, Cel/Ag-1 va Cel/Ag-2 kha twong dong. Nhu vay, su hién dién su hién
dién cta cac hat nano bac khdng gay anh huong dang ké dén do rdng cua
hydrogel. Tuy nhién, véi mau Cel/Ag-3, 1a mau c6 ham luong nano bac 16n
hon, muc do truong né lai cao hon han so vai cac mau con lai (Hinh 3.15).
Piéu nay co thé 1a do khi ham lwong cua cac hat nano Ion, cé thé mé rong
khong gian cta cac hydrogel, tir d6 cai thién duoc kha nang hap thu nuéc.

Mot s6 nghién ciru trude da chang minh, kha niang giit nudc co lién quan dén
su twong tac gitta nudc vai cac thanh phan cua hydrogel. Két qua tir Bang 3.4
cho thay, kha ning giit nuéc ciia cAc mau ting 1én theo chiéu ting ham luong
bac. Kha ning giit nuéc cta cac mau hydrogel khi b sung nano bac tét hon
han so véi mau khéng chtra bac. Biéu nay co thé 1a do cac nhém chicc COOH
trong mang hydrogel hinh thanh twong tac manh mé véi nudc thdng qua cac
lien két hydro. Hon nira, cac hat nano bac ciing hinh thanh twong tic manh
véi nhom OH cé trong mang hydrogel va cé trong dung dich, dac biét trong
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moi trudng bazo. Tuong tac manh nhat ¢ thé thuoc vé Cel/Ag-2, trong do
ham luogng hat bac cao nhét.

Kha néng hép thu nuéc cua cac mau hydrogel phu thugc vao thoi gian ngam
mau trong nudc. Do d6, thoi gian ngdm mau phu hop dbi véi vat licu cling
can dugc xac dinh. Bang 3.5 trinh bay kha ning hip thu nudc caa mau
Cel/Ag-2 vao thoi gian ngdm trong cac mdi truong axit va moi treong trung
tinh.

Bang 3. 5: Do hap thu nudc (%) cua mau Cel/Ag-2 trong cac méi trudng co
pH khac nhau theo thoi gian.

MOi truong
pH 3 pH 7
Thoi gian (gio)

4 125% + 5% | 124%+ 6%
8 271% + 4% | 282%+ 1%
12 379 %+ 2% | 396%+ 2%
18 461% £ 1% | 482%=* 3%
30 583% £ 5% | 608%=* 7%
48 640% + 2% | 653% * 4%
72 656% + 3% | 705% * 4%
96 655% + 4% | 705% + 2%

T Bang 3.5 cd thé thay, trong khoang thoi gian tir 4 gio dén 72 gio ngam
mau, mang hydrogel Cel/Ag-3 c6 do hap thu ting dan tir 125% + 5% va
124%+ 6% lén 656% + 3% va 705% + 4%, trong cac moi trrdng axit va trung
tinh twong ung. Sau khi ngdm 96 gio, luong nuéc dugc hap thu gan nhu
khong bién doi so véi gia tri twong (ng tai thoi diém 72 gid ngdm mau. Nhu
vay, 72 gid duoc lya chon 14 thoi gian thich hop nhat dé vat liéu hydrogel dat
duoc kha nang hap thu nuéc mot cach bdo hoa.

3.2.5. Két qua xac dinh tinh chit co hoc ciia cac mang hydrogel Cel/Ag

Tinh chit co hoc 1a mot trong céc tiéu chi rat quan trong cua cac mau
hydrogel dé danh gia kha nang (ng dung thuc té cia hydrogel nhu cam bién
deo duoc, bing vét thuong va mang duy tri d6 am.
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Do bén kéo va do gidn dai khi dut caa cac mau Cel/Ag d3 dugc xac dinh va
thé hién trong Bang 3.6. Két qua cho thiy viéc bd sung nano bac vao mang
hydrogel, ca d6 gidn dai khi dut va do bén kéo déu duogc cai thién. Diéu nay
c6 thé 1a do kha ning gia ¢ caa cac hat bac trong mang ludi hydrogel.

Bang 3. 6: Do bén khi kéo dit va d6 bén khi dan dai caa mang hydrogel

Mau Cel | Cel/Ag-1 | Cel/lAg-2 Cel/Ag-3

Nong d6 nano 0

bac/Cellulose(mg/g) > 10 15

Do bén kéo dut

(MPa) 10,51 11,50 12,30 11,71
Do gian dai khi dut | 45579 | 40829 448 412,81
(%)
1250 13) 160,00
- 15000
1200
-440.00*5
£1150 - pogp @ ~+Dobénkeo aut
: 42000i Ry
g - \ - ) N
2100 - & =-Djdindaiki
% P g i
21030 08 00 <
07 .
1000
35000
0,50 370.00

Cel CelAgl  CelAgd  CelAg3

Hinh 3. 16: Tinh chdt co hoc cua mang hydrogel
Hinh 3.16 ciing cho thay, mau Cel/Ag-2 cho két qua vé do bén kéo va do bén
gidn dai khi dat tét nhat trong khoang nghién ctu.
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3.2.6. Kha ning khang khuin cia vt liéu hydrogel Cel/Ag

Két qua xac dinh kha ning khang khuan cua cac mau vat liéu hydrogel
Cel/Ag dugc thé hién trén Hinh 3.19 va Bang 3.7.

Bang 3. 7: Buong kinh vong khang khuan E.coli caa cac mau hydrogel

Mau Cel Cel/Ag-1 Cel/Ag2 Cel/Ag-3
Ham lugng
Ag/cellulose 0 5 10 15
(mg/g)
buong kinh
V(‘)ng khang 10,4 11,5 14,3 13,1
khuan (mm)

Hinh 3. 17: Anh chup xdc dinh hoat tinh khang vi khudn E.coli ciia mang

hydrogel
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Két qua nghién ctu kha ning khang khuan cia cdc mau cho thiy, tit ca cac
mau nghién ctru déu thé hién kha ning khéng khuan E. coli. CAc miu chua
nano bac (miu Cel/Ag-1, Cel/Ag-2, Cel/Ag-3) cho thiy kha ning khang
khuan (véi duong kinh vong khang khuan lan luot 1a 11,5 mm; 14,3 mm va
13,1 mm) cao hon han so v&i mau khéng gan nano bac trén bé mat (mau Cel)
(duong kinh vong khang khuan 13 10,4 mm).

Khi cho nano bac vao trong mang hydrogel (mau Cel/Ag-1, Cel/Ag-2,
Cel/Ag-3) kha ning khang khuan ctia mang hydrogel ting 1én, v6i ham lugng
bac (Ag)/cellulose (mg/g) lan luot 13 5 mg/g va 10 mg/g thi kha niang khang
khuan ctia mang hydrogel cung tang 1én 1an luot 1a 11,5 mm va 14,3 mm.

Tuy nhién, khi lugng nano bac tang 1én 15 mg/g thi duong kinh vong khang
khuan giam xubng con 13,1 mm. Diéu nay cé thé 1a do ham luong nano bac
16n, gy ra hién twong két tu gitra cac hat nano, 1am giam kha niang khang
khuan cuaa vat liéu. Diéu nay ciing phu hop véi nghién ciu cua tac gia Angela
Ivask va cong su [27].

Nhuw vy, tir cac két qud nghién ciru cdu truc, tinh chdt co hoc, dé truong
NG, dp Qi nwoc va khd nang khdng khudn, mdu Cel/Ag-2 véi ham lwong
nano bac 10 mg/g 1a mdu phu hep nhdt dé ché tao vat liéu cellulose
hydrogel khang khudan.
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KET LUAN

- Mang hydrogel khang khuan tir cellulose két hop véi nano bac (Cel/Ag) da
dugc tong hop thanh céng véi ham lwong acrylic acid (AA), ammonium
persulfate (APS), N,N'-methylenebis (acrylamide) (MBA) va nano bac téi uu
trong khoang nghién cru lan luot 14 1,0; 1,8; 0,2 va 10 mg/g cellulose.

- Mang hydrogel Cel/Ag c6 bé mit ddng déu, nhan min, vai cau tric rdng bén
trong gdom nhiéu 156 x6p. Nano bac dwgc phan tan mot cach dong déu vao
mang ludi cia mang.

- Viéc bd sung nano bac vao mang hydrogel da lam ting cudng do bén nhiét,
tinh chat co hoc caa mang Cel/Ag so véi mau hydrogel khéng chira nano bac.
Cu thé, do bén kéo va do gian dai khi dut caa vat liéu lan luot 1a 12,3 Mpa va
448%.

- Po trwong nd va kha nang gitr nuéc cua vat lisu Cel/Ag déu cao hon gid tri
tuong (g cua mang hydrogel khdng chira nano bac. D6 trrong nd dat 705%;
kha nang gitt nudc dat 577% doi véi mau vat lieu phu hop nhat trong khoang
nghién cau. Do hap thu nudc dat gia tri bdo hoa sau khi ngadm mau 72 gio.

- Kha ning khang khuan E. coli cia cac mang Cel/Ag tét hon so voi mang
hydrogel khdng chtra nano bac. Kha ning khang khuan dat gié tri tét nhat Ia
14,3 cm khi ham luong nano bac la 10mg/g cellulose.
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