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SUMMARY

ENHANCEMENT OF WASHING RESISTANCE OF ANTIBACTERIAL
NANOCOMPOSITE Fe304/POLYHEXAMETHYLENR
GUANIDINE HYDROCHLORIDE

The contamination of water resources by pathogenic bacteria can cause transmission of disease in
community, so development of the effective and safe disinfectants is especially important. Guanidine-
based polymers are well-known strong antimicrobial agents against a wide range of microorganisms.
However, the high water solubility restricted their potential applications in the field of water treatment.
In this study, Magnetic nanoparticles were prepared from spent pickling liquors and used for
nanocomposite synthesis with polyhexamethylene guanidine hydrochloride (PHMG) in presence of
epichlorohydrin (Ep) and then used for synthesis of nanocomposite with FesO4 nanoparticles. The
measurements of PHMG release from nanocomposite showed that washing resistance of Fe;0/PHMG
nanocomposite has been clearly improved by using modifying agent Ep. As-prepared nanocomposite
Fes;04/PG-Ep demonstrated very good antibacterial activity against Escherichia coli (E.coli). With 2
ppm of Fes0./PHMG-Ep, after 5 minutes of exposure, they can kill 100% of E.coli with initial
concentration ~7.7.105 CFU/mL. Furthermore, this material showed also a good reusability, with the
bactericidal effect obtained 100% and 99.99%. for the 2" and 3rd test, respectively, of the same
material.

Key words: antibacterial nanocomposite, polyhexamethylene guanidine hydrochloride, washing resistance,
epichlorohydrin.

1. MO PAU nhat, & moi quy md. Tuy nhién bién phap nay
Trong s cé&c tac nhan gay 6 nhiém nudc thi vi cling tiém an nhiéu rai ro, chu yéu lién quan
sinh vat gay bénh c tac hai nghiém trong nhit, dén viéc hinh thanh c4c san phiam phu doc hai
do ching c6 thé lan truyén dich bénh trong (chlorophenol, axit haloaxetic, trihalometan
cong ddng rat nguy hiém. Phuwong phap khir ...), tham chi mot sé chit c6 kha ning gdy ung
trang nuée dwoc ap dung phé bién nhét hién thu [1,2]. Viéc tim kiém céc tc nhan khéang
nay la phuong phap hoa hoc, dua trén viéc sir khuin an toan hon dang thu hut manh m& sy
dung cac chat oxi héa manh (ozon, hydro quan tdm ciia cac nha khoa hoc trén toan thé
peoxit, clo hoat tinh...), c6 kha ning tiéu diét gi6i. Thoi gian gan day, polyme gdc guanidin
vi khuan nhanh va hiéu qua. Trong s6 d6 cac thu hat dugc sy quan tdm cua dong dao cac
hop chét clo hoat tinh dwoc s dung rong réi nha khoa hoc nho c¢6 kha ning khir khuin

208



manh trén mot phd rong va cé doc tinh thap [3-
5]. Hau hét cac nghién ctu ung dung
polyguanidin trong xu 1y nuée déu st dung
tryc tiép vao ngudn nudc nhidm khuan, mot sé
cong bd moéi day da nghien ciu dua
polyguanidin 1&n céc chat mang véi muc dich
gia tdng hiéu qua tng dung cua vat li¢u [6-8].
Trong linh vuc xir Iy nuwdc, vat lidu oxit sét tir
nano gan day duoc quan tdm rat manh mé nho
¢6 uu diém 1a an toan moi truong va dé dang
tach loai, thu hdi sau khi xir Iy [9]. Mat khéc,
hat oxit sat tir nano con c6 kha ning dé dang
bién tinh, chtic ning hoa bé mat tao ra cac vat
liéu nanocompozit c6 tinh ning da dang va hap
dan. Véi d6i twong nudc 6 nhiém céc loai dwoc
pham va vi khuan, oxit sit tir nano cé thé bién
tinh véi cac hop chat c6 tac dung khang khuan
hay hip thu dwoc phim [10]. Viéc st dung
chit mang 14 oxit sit tir c6 lgi thé vuot troi vé
kha ning thu hoi sau khi xir ly, tranh viéc thai
cac tac nhan khang khuan ra ngoai moi truong
mot cach khong kiém soét.

Trong cac céng bé méi diy, ching toi da
nghién ctu sir dung dung dich tay gi thai bo
ctia nha may ché bién thép dé tong hop oxit sat
tir nano [11], va ung dung vat liéu nay dé ché
tao nanocompozit v&i polyguanidin thuong
mai [12]. Cac két qua thu dugc da ching to vat
licu c6 hoat tinh khang khuan rat tét va dé
dang tach loai khoi dung dich nuéc bang cach
&p dung tu truong ngoadi. Tuy nhién, do
polyguanidin tan rat manh trong nuéc, nén
nanocompozit c6 do bén han ché. Bé khic
phuc diéu nay can phai bién tinh polyguanidin
Vi cac tac nhan khac nhau. Trong b4o céo nay
ching t6i nghién ctu sir dung tc nhan bién
tinh epiclohydrin dé cai thién kha nang chdng
rea  trdi  cua  nanocompozit = FesOd/
polyguanidin. Vat liéu dugc nghién cau dac
trung cdu tric, do bén trong nuéc va hoat tinh
khang khuan véi chuing dai dién |a Escherichia
coli (E.coli).

2. THUC NGHIEM

2.1. Téng hop vit li¢u

Trong nghién ciru nay polyhexa-metylen
guanidin hydroclorit (PHMG) dugc tong hop
béng phan ung trung ngung néng chay tu tién
chit guanidin  hydroclorit (GHC) va
hexametylen diamin (HMDA) da cong b
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trong céac tai liéu [13]. Qua trinh dugc thuc
hién véi ty 1€ mol GHC:HMDA = 1:1, gia
nhiét & 100°C trong 1 gio. 170°C trong 4 gio.
Vit liéu FesO4 va nanocompozit Fes04/ PHMG
t6ng hop theo quy trinh da cong bd [12]: Fes04
duoc tong hop tir dung dich tay gi thai bo cua
nha may thép Hoa Phat bing phuong phap oxi
hoa ddng két tua trong dung dich Ca(OH), béo
hoa, tai nhiét d6 phong. Hat FesO4 nano sau
khi ché tao dugc phén tan trong dung dich
PHMG, khuiy lién tuc, sau 6 gio thu dugc
nanocompozit Fes04/PHMG. Dé cai thién do
bén chdng rua troi cua vat liéu, trong qua trinh
nay chidng tdi cho thém epiclohydrin (Ep) vao
dung dich PHMG véi ty lé¢ khdi lugng
PHMG:Ep = 5:1 va thuc hién phan ung ¢
60°C. San pham nanocompozit khong bién tinh
(Fes04/PHMG) va bién tinh (Fes04/PHMG-
Ep) dugc thu hdi bang nam cham, rira sach
bang nudc cét (5 1an) va siy khd trong ta siy
chén khong ¢ 60°C trong 24 gio.

2.2. Nghién ctru dic trung vat liéu

Céu trac hoa hoc cua vat lidu duoc phén tich
bang phd hong ngoai trén thiét bi Nicolet iS10
FT-IR Spectrometer. Ham lugng polyme trong
thanh phan nanocompozit dwgc xac dinh bing
phuong phap phan tich nhiét trong lugng
(TGA) trén thiét bi NETZSCH TG 209 Fl
Libra.

Do raa trdi PHMG tur vat liéu nanocompozit
dugc khao sat bang cach xac dinh luwong
PHMG tan nha trong dung dich nudc theo thoi
gian. Cho 5g nanocompozit vao 500 ml nudc
cét, khudy véi toe do 300 vong/phit. Xac dinh
nong d6 PHMG trong dung dich sau nhiing
khoang thoi gian xac dinh bang phuong phép
do quang phb UV-Vis.

2.3. Khio sat khi ning khang khuén

Kha nang khang khuan cua vt liéu duoc danh
gi4 bang phuong phap tiép xuc truc tiép: Vi
khuén E.coli duoc nudi cdy va chudn bi dung
dich c6 noéng do khoang 1,2.107 CFU/mL.
Phan tan vat liéu FesO4/PHMG-Ep trong 198
mL nu6c cat, cho thém 2 ml dich vi khudn
E.coli, khudy véi tc do 500 v/p. Sau khi xtr 1y,
thu hdi vat lidu béng nam cham va dinh lugng
vi khuan con lai trong dung dich biang phuong
phép pha loang theo day thap phan trong nudc
mudi sinh 1y 0,85%. Hiéu luc diét khuan duoc



tinh theo cong thurc:

H (%) = (1- %) x 100%

trong d6: N 1a mat do vi khuan sau tiép xuc; A
la mat d6 vi khuan ban dau.

3. KET QUA VA THAO LUAN

3.1. Pic trung vt liéu nanocompozit

Céu triic hoa hoc cua san pham tring ngung
giita GHC va HMDA dugc phan tich bang phd
hong ngoai va trinh bay trén hinh 1 (dudng a).
¢6 thé quan sat thay cac pic hap thu dic trung
cia PHMG: pic tai s6 song 1645 cm? dic
trung cho dao dong cua lién két C=N; pic tai
1467 cm tuong tng véi dao dong ctia nhom
amin bac hai; cac pic tai 2936 va 2857 cm?
tuong (mg voi dao dong hoa tri bat dbi xtng va
déi xung cua cac nhom amin NHoy; pic tai 1357
cm! dic trung cho dao dong cua lién két C-N
[3]. Phé hong ngoai cua nanocompozit
Fes04/PHMG-Ep thé hién chu yéu 1a cac pic
hap phu dic trung ctia FesO4 (duong b): pic tai
s6 séng 573 cm! twong tmg dao dong hoa tri
ctia lién két Fe — O cua phan tir FesOy, pic tai
s6 song 3446 va 1634 cm twong ung voi dao
dong hoa tri va dao dong bién dang ctia nhom
OH" [13]. Ngoai ra ta cling quan sat duwgc mot
sO pic hip thu dic trung cia PHMG véi cuong
d6 yéu tai sb song 1467, 2930 va 2857 cm', ¢6
thé do ham lwong PHMG chiém ty 1¢ nho trong
thanh phan nanocompozit.

S6 séng, cm'?
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Hinh 1. Phé IR cua (a) PHMG va (b)
nanocompozit Fes04/PHMG bién tinh
epiclohydrin.

Pé xac dinh ham luong polyme trong thanh
phﬁn nanocompozit, vat li¢éu da dugc tién hanh
phan tich TGA, két qua trinh bay trén hinh 2.
Ta thay trong truong hgp FesOs, trong khoang
nhiét d6 khao sat hiu nhu khong c6 su sut khbi
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luong mau, chi 1,56%, lién quan dén mét nudc
vat 1y (duong a). Trong khi d6 mau
nanocompozit suy giam khéi luong rd nét bét
dau tir khoang 250°C, lién quan dén qua trinh
phan huy PHMG. Tur két qua TGA c6 thé xéac
dinh dugc lugng polyme trong thanh phan
nanocompozit, truong hop khong bién tinh l1a
12,5% (dudng b) va truong hop bién tinh véi
epiclohydrin 1a 11,1% (duong c).
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Hinh 2. Gidn do TGA cua (a) Fes0q; (b)
Fes04/ PHMG va (c) FesO4/PHMG-Ep.
3.2. Khao sat sw tan nha PHMG tir

nanocompozit

Luong PHMG tan nha trong nudc dugc Xxac
dinh bang phuong phéap phan tich phdé UV-Vis.
Hinh 3 trinh bay két qua xay dung duong
chudn xac dinh ndng d6 PHMG véi d tin cay
khé cao, hé s6 hdi quy R? = 0,9900.
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Hinh 3. Xay dung duwong chuan phan tich PHMG



Kha ning rira tréi PHMG duoc danh gia bang
cach cho vat liéu nanocompozit vao trong
nuéce, khudy vai tée do 300 v/p, sau ting thoi
gian x4c dinh do ndng d6 PHMG tan ra trong
dung dich bang phwong phap tric quang. Két
quéa phén trim PHMG tan nha tir nanocompozit
theo thoi gian dugc trinh bay trén hinh 4.
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Hinh 4. Lwong PHMG tan nha theo thoi gian
ter nanocompozit.
Céc két qua trinh bay trén hinh 4 d3 ching to
Ep c6 tac dung cai thién rd rét do bén chong
rira troi cua vat lieu. Voi mau FesO/PHMG
khéng bién tinh, PHMG tan ra rat nhanh, chi
sau khoang 10 phut da dat ~90%. Trong khi do
mau bién tinh phai sau 2 gi¢ luong PHMG tan
ra magi dat ~80%.
3.3. Khao sat kha ning khang khuin
Hoat tinh khang khuin va kha nang thu hoi, tai
st dung «coa vat lieu nanocompozit
Fes04/PHMG-Ep duoc khao sat vai dbi tugng
1a vi khuan E.coli, dai dién cho vi khuin gram
(-), mat d6 ban dau la ~7,7.10° CFU/mL. Diéu
kién thir nghiém dugc mé ta trong phin2.3,
ham luong chat diét khuan Fe;0/PHMG-Ep 1a
2 ppm, thoi gian tiép xdc 5 phat. Sau khi i 1y,
vat liéu nanocompozit dwoc thu hdi bang nam
cham va tiép tuc str dung dé xir ly lan thir 2 va
lan tha 3. Két qua xac dinh mat do vi khuan
sau xur Iy va hiéu luc khang khuén trinh bay
trén bang 1 va hinh 5 da chuang to hoat tinh
khang khuan kha manh cua vat liéu, hiéu hrc
diét khuan sau 2 1an sir dung dat 100%, lan thu
3 dat 99,99%.
Bang 1. Két qua diét khuan E. coli bang FesOu/
PHMG-Ep.

Mét dg E.coli sau
xir ly (CFU/mL)

Hiéu luc diét
khun (%)

Lan1 0 100 %
Lan 2 7 100 %
Lan 3 45 99,99 %
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Xt Iy I3n 1
do pha lodng 10°

Mau truéc khi xir 1y,
d6 pha lodng 108

Xir Iy 1an 2
d6 pha loing 10°

Xu ly lan 3
d6 pha lodng 10°
Hinh 5. Anh chup két qua xdc dinh mdt do
E.coli trueéc va sau khi xir Iy bang
Fes04/PHMG-Ep.
4. KET LUAN
Trong nghién ctru nay polyme khang khuan,
polyhexametylen  guanidin  hydroclorit
(PHMG), duoc tong hop bang phuong phap
tring ngung nong chay to  guanidin
hydroclorit va hexametylen diamin; hat
nano FesOs dugc ché tao bang phuong phap
oxi héa dong két taa tir dung dich ty gi cua
nha may thép thai bsé. Nanocompozit
Fes04/PHMG duoc tong hop bang cach phan
tan hat FesO4/PHMG trong dung dich PHMG,
¢6 sir dung thém epiclohydrin (Ep) dé cai thién
d6 bén chong rira troi cua vat lieu. Két qua
khao sat d6 tan nha PHMG tir nanocompozit
cho thiy véi mau Fes04/PHMG-Ep sau khoang
2 gid ngdm trong nuéc va khudy 300
vong/phut, lugng PHMG tan ra la ~ 80%, bén
hon dang ké so véi mau khdng bién tinh (tan ~
90% lwgng PHMG sau khoang 10 pht).
Két qua khao sat hoat lyc diét khuén
Escherichia coli da chtng t6 nanocompozit
Fes04/PHMG-Ep c6 kha ning khang khuan tdt,
v6i ham lugng 2 ppm, sau 5 pht tiép xdc c6
thé diét 100% E.coli néng do dau ~7,7.10°
CFU/mL. Do d% bén chdng rua tréi dugc cai
thién, vat liéu FesO4/PHMG-Ep c6 kha ning
tai sir dung, hiéu lyc diét khuan lan thi 2 dat



100% va lan thtr 3 dat 99,99%. Cac két qua thu
dugc budc dau rat kha quan, vat ligu
FesO4/PHMG-Ep c6 trién vong phat trién
thanh vat ligu tir tinh khang khuan, tmg dung
trong xtr ly khir tring nudc thai.
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