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(57) Sang ché dé cap dén ché pham khang vi sinh vat gbc polyme khoéng ddc, tan trong
nude, va lam giam thiéu sy truyen bénh nhiém tring tir cac bé mat. Ché pham nay chira
polyme dang cation, it nhit mot chit ting cudng bam dinh, tiy ¥ hat hitu co va/hodc vo co
c6 hoat tinh quang xuc tac trong anh sang nhin thdy, va chat mang, trong d6 cac thanh phan
ctia ché pham nay khong duogc lién két cong hoa tri vOi nhau. Sang ché clng dé cap dén
ché pham khang vi sinh vat chta it nhat (i) polyme gdc polyetylenimin va chat mang hoic
(ii) hat hiru co va/hodc v6 co c6 hoat tinh quang xuc tac trong anh sang nhin thiy, chét ting
cuong bam dinh, va chit mang. Ché pham khang vi sinh vat ndy c6 thé duoc sir dung dé
khir tring cho bé mit va tao ra mang ty sat trung t6n du trén bé mat, mang tu sat tring nay
de loai bo.
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Linh vie ky thuit dwoc dé cap

Sang ché dé cap dén ché pham khang vi sinh vat gbc polyme va phuong phap

sir dung ché pham nay.
Tinh trang k§ thuit ciia sang ché

Bénh nhiém trung gdy chét nguoi trén toan thé gidi nhiéu hon so véi bat ky
nguyén nhan riéng 1¢ nao khac moi nam. Viéc giam thiéu nhiém tring do cac vi sinh
vat gdy bénh gay ra 1a mdi quan tdm 16n trong nhiéu linh vuc, dac biét 1a trong linh
vuc thiét bj y té, thude, bé mat/trang thiét bi trong bénh vién, thiét bi phuc hoi nha
khoa va thiét bi phﬁu thuat, cac san phém cham séc stc khoe va cac ung dung vé sinh,
hé théng loc nude, vai dét, dong goi va bao quan thuc phém, thiét bi cong nghi¢p hodc
gia dung, thiét bi hang khong, v.v. Dac biét la tai bénh vién, cudc chién chéng lai cac

bénh nhiém trung can phai nd luc rat nhiéu va chiu chi phi rat ton kém.

Céc nhiém trung sinh ra la do tiép xtc. an, uéng, hodc hit th¢ tha gi do chua
mam bénh. Udc tinh duoc ring 80% nhiém tring & ngudi xay ra do tiép xic véi cac bé
mit bi nhiém vi khuan (Salwiczek et al., Trends Biotechnol 32: 82-90 (2014)). Nhin
chung, cac nhiém trang nay duoc chdng lai bang céc chat khang vi sinh vat huéng dich
mam bénh. Tuy nhién, dic biét kho giai quyét la cac vi sinh vat ¢6 thé bién doi cac gen
ctia chiing mot cach nhanh chong va dé dang tro thanh khang céc chét nay, khién cho
viéc loai bo ching tré nén kho khan. Vi du, Staphylococcus aureus (S. aureus) thuong
song trén da va niém mac ctia nguoi ma khong gay ra céac van dé nghiém trong, nhung
néu vi khudn nay di vao co thé thi co thé phat trién bénh trong pham vi tir nhe dén de
doa su sdng. bao gdbm nhiém tring trén da va vét thuong. eczema nhiém trung. nhiém
trung o ap xe. nhiém trung & van tim hodc viém ndi mac tim, viém phéi, va nhiém
trung mau hodc nhiém khuan mau. Mot s6 S. aureus khang methixilin va cac khang
sinh B-lactam khac - S. aureus khang methixilin (MRSA) - va doi hoi phai co cac loai
khang sinh thay doi dé diéu tri cac bénh do. Ngoai ra, Clostridium difficile (C. difficile)

tao bao tir, siéu vi khuan duong rudt gay ra cac tricu ching tu tiéu chay dén viém rudt

_2-



39410

két de doa tinh mang, 12 bénh nhiém trung do vi khu4n phd bién nhat mic phai trong

bénh vién.

Trong mdt vai nam trd lai day, ngay cang co nhiéu nha nghién ctru nghién ciu
cac hé thdng khang vi sinh vat méi nhim giup gidm thidu, chdng lai va/hodc loai bd
cac bénh nhiém tring gdy bénh tdn kém. Phan 16n nghién ctru nay tdp trung vao
polyme do cac dic tinh ndi tai ctia chung: polyme co thé hoat dong nhu mot chat nén
dé gitt cac chét khang vi sinh vat va céc déc tinh cua ching, chéng han nhu tinh ua
nuée vahode khéi luong phan tir cua chung, c6 thé c6 anh huong 16n dén hoat tinh
khang vi sinh vt thu dugc. Do d6, viéc sit dung vat liéu dang polyme c6 céc tinh chét
khang vi sinh vt ngdy cang thu hit sy cha y tir ca cong ddng hoc thuit va cdng

nghiép.

Céac 16p phu polyme khang vi sinh vat da biét duge tao ra bang cach ngdm tam,
hép phu, hodc gén cOng hoa tri cac chét khéang vi sinh vat vao cac bé mit khac nhau dé
tao ra 16p mang. Vi du: Patent M§ 9,127,173 boc 10 viée tao ra 16p phu bang cach phii
cac 16p trén nén, trong d6 16p phu nay bao gdm nhém amin béc bbn tao ra cic tinh
chét khéang vi sinh vat cho nén nay. Cac bé mit khong bi rira trdi thuong duoc coi la
thich hgp hon do céc vi khuln duoc tiép xtic véi cac chit khang vi sinh vat & ndéng dod
trén bé mit cao so voi bé mit gidi phong cham. Ngoai ra, bé mat &n mon gay kho khin
cho viéc vuot qua thir nghiém do gy doc té bao cta Co quan Bao vé Moi trudong
(Environmental Protection Agency-EPA). Theo nguyén tic chung, cac 16p phu khang
vi khudn khong bi rira trdi va phuong phép sén xuét chung 1a cuc ky phuc tap va
khong thuc t6 khi mudn san xuét véi quy md 16n va thuong mai héa. Hon nita, ky
thuat nay thuong la dédc hiéu ¢ bé mit. Cac phuong phép thay thé dé tao ra cac 16p phu
khang vi sinh vat bao gbm viéc st dung céc 16p phu ma li€n két khong cdng hoa tri voi
bé& mat. Tuy nhién, twong ty v6i cac 16p phu lién két cong hoa tri, cac phuong phap
nay thuong can nhiéu budc tdng hop phirc tap va can phai duge didu chinh dé phu cac
nén khéc nhau, nhu vay khién cho viéc st dung chiing trong thuong mai 1a khong thuc
té.

Do d6, mic du da c6 nghién ctu tich cuc trong linh vye nay, van ¢6 nhu ciu vé
vt liéu khang vi sinh vat méi c6 hoat tinh khang vi sinh vat phé rong va co thé dé&
dang duogc bién dbi dé thich hop véi tinh phirc tap clia cdc moi truong khac nhau

(chang han nhu trong nha, khu cung cip chim séc stre khoe, truong hoc, nong nghiép),
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cac bé mit (ching han nhu gb, thép khong gi, d4 hoa, thiy tinh, va vai dét), va cac ung
dung (ching han nhu déng géi thuc phém, thiét bi loc nuéc hoic khong khi, hodc tham
chi 1a béo vé hoa qua va rau). Ngoai ra, mang hodc 16p phi ty v¢ sinh con sot lai chét
khang vi sinh vat nhu vay ly tudng nhét phai mang lai ty 1& tiéu diét rit cao, ton tai
trong nhiéu tudn, khong doc hai nhung dé dang loai bo. Ciing nén c¢6 mot quy trinh

linh hoat va ré tién dé tao ra cac 16p phu bé mit nhu vay & quy md thuong mai.
Ban chit ky thuit ciia sing ché

Sang ché dua trén ché phim khang vi sinh vét gbc polyme khdng ddc, tan trong
nuée, va lam giam déng k& sw 1ay nhidm céc bénh nhiém tring tir cac b& mit, nhu nén
thiy tinh, chét déo, granit, va kim loai cling nhu da. Polyme dugc st dung trong ché
phidm nay c6 kha ning thuc hi¢n hai chic nang: (i) kha nang khtr trung cac bé mit
br:fmg cach tiéu diét cac mam bénh dang tdn tai (tiéu diét ngay); va (ii) tao ra mang tu
st trung ton du va dé loai bd ma ngan chin sy phat trién vi khudn trong twong lai (tiéu
diét sau). Ché pham gbc polyme nay 1a hiru hiéu chéng vi khuén, virut, va bao tit, bao
gdm Clostridium difficile (C. difficile). Ngoai ra, khong gibng hau hét cic chit khtr
trung ban trén thi truong, ché phim gbc polyme nay lam bét hoat virut khong ¢ vo
ngoai ma thuong 13 nguyén nhin gy cam lanh thong thuong va cam da day-rudt. Do
ché phim khang vi sinh vat nay khong can phai ¢6 cic héa chét hodc kim loai diét
khudn, ché phdm ndy an toan cho ngudi, dong vét, va moi truong, khong gidng nhu

nhidu chit khtt tring khac ban trén thi truong.

Sang ché d& xuit ché phdm khang vi sinh vat gbc polyme chira polyme dang
cation, it nhat mot chét ting cudng bam dinh, chat mang, va tuy y hat hitu co va/hodc
vd co ¢6 hoat tinh quang xuc tac trong 4nh sing nhin théy, trong d6 céc thanh phén ctia
ché phim nay khodng dugc lién két cong hoa tri voi nhau. Ché phim khéng vi sinh vat

nay phu hgp véi it nhit mot trong cac thir nghiém sau:

(i) thtr nghiém phun sat trung theo phuong phap qudc té E1153 cua Hiép hdi
Thi nghiém va Vat liéu M§ (ASTM) dép tng yéu cAu cua EPA vé muc d giam
log 3 @6i v6i virut va muc do giam log 5 dbi v6i vi khudn,

(i) tht nghiém hdn dich theo phwong phap qudc té E1052-96 cia ASTM
(2002) hoic phuong phap qude té E2315 ciia ASTM (2016),

(iii) mang dugc tao thanh tur ché pham tiéu diét
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(iii-a) it nhét 95% cua log 5 quan thé vi khuén gram duong hodc gram

am trong 30 phut,

(iii-b) it nhit 95% cua log 4 qudn thé virut c6 v ngoai trong vong 30
phut tiép xtc,

(iii-c) it nhét 95% virut khdng c6 v6 ngoai trong vong 30 phit tiép xtc,
va/hodc

(ifi-d) it nhit 94% ciia log 4 quan thé vi khuén Clostridium difficile

trong vong 24 gio tiép xuc,

phtt hop véi thir nghiém theo Tiéu chudn Cong nghiép Nhat Ban (JIS) Z 2801 (2006)
vé hoat tinh khang vi sinh vét, hodc phién ban bién ddi cia thir nghiém nay nhu duogc
mo ta & day,
(iv) mang dugc tao thanh tir ché pham c6 gid tri bang 2 hodc thip hon theo thir
nghiém d¢ gay doc t& bao in vitro cua T chirc tieu chuin héa Quéc té (ISO)

10993-5,

(v) thir nghiém do bén dugc chon tir (v-a) mang dugc tao thanh tir ché phém
tiéu diét it nhat 99,9% vi khuén gram duong va vi khudn gram am theo thir
nghiém hoat tinh tu sat trung tdn du theo phuong phap EPA # 01-1A, hogc (v-

b) doi 7 ngay sau khi tao ra mang, mang duoc tao thanh tur ché phdm nay tiéu

diét it nhat 95% vi khuén gram dwong va vi khuén gram am, hodc virut c6 vo

ngoai va virut khong c6 vé ngoai theo phién ban bién ddi cia thir nghiém hoat
tinh tu sét tring tdn du theo phuong phap # 01-1A, nhu duge mo ta & day.

Sang ché con dé xuét phuong phap tiéu diét vi khuén trén bé mit bao gdm budce
phu 1én bé mit nay ché pham khéng vi sinh vat chira polyme dang cation, it nhét mot
chét ting cuong bam dinh, chit mang, va tuy y hat hitu co va/hodc vd co ¢b hoat tinh
quang xuc tac trong anh sang nhin thiy.

Sang ché con dé xuét phurong phap tiéu digt vi khudn trén bé m3t bao gdm budce
phu 1én bé mit nay ché phim khéng vi sinh vét chia mudi polydialyldimetylamoni ¢6
khdi luong phén tir cao va chét mang.

Séang ché con d& xuét ché pham chira polyme gbc polyetylenimin, tiy y polyme

dang cation tht hai dwgc chon tir mudi polydialyldialkylamoni, poly(acrylamit-co-
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dialyldialkylamoni halogenua), chitosan, hodc hdn hop cla ching, tuy ¥ polyaxit, va
chat mang. Sang ché con d& xuét ché phdm khang vi sinh vat chira it nhét mdt hat hitu
co vi/holic vo co ¢6 hoat tinh quang xuc tac trong anh sang nhin thiy, it nhat mot chét
ting cuong badm dinh, va chit mang. Céc ché phdm nay c6 thé duogc st dung trong
phuong phép tiéu di€t vi khuén trén bé mit.

M0 ta vin tit cac hinh vé

Fig.1 minh hoa qua trinh trao d6i ion trai ddu trong polydialyldimetylamoni
clorua (polyDADMAC) bang LiTFSI theo mdt phurong 4n cla sang ché.

Fig.2A minh hoa kich ¢& 15 nhé tir bd loc chtra Spm thuy tinh khong tich dién
duong. Fig.2B minh hoa bd loc chira nhém oxit tich dién duwong v6i kich c& 15 16n hon
va polyme dang cation dugc két hgp v6i nhom oxit nay.

Mo ta chi tiét sang ché

Sang ché dé cap dén ché pham khéng vi sinh vét gbc polyme chira polyme dang
cation, it nhat mot chét ting cudong bam dinh, tiy y hat hitu co va/hodc vo co c6 hoat
tinh quang xtc tac trong dnh sdng nhin thy, va chit mang, trong d6 céc thanh phan
cta ché phdm nay khong dugc lién két cong hoa tri voi nhau. Ché phdm khang vi sinh
vat nay phi hgp voi it nhit mét trong céc thir nghiém sau:

(i) thir nghiém phun sét tring theo ASTM E1153 dap tng yéu cau cua EPA vé

muc d6 giam log 3 dbi véi virut va mirc do gidm log 5 d6i v6i vi khuén,

(ii) thr nghiém hdn dich theo ASTM E1052-96 (2002) hogc ASTM E2315

(2016),

(ifi) mang dugc tao thanh tir ché pham tiéu diét

(iii-a) it nhét 95% cta log 5 quin thé vi khudn gram duong hodc gram
am trong 30 phut,

(iii-b) it nhit 95% cta log 4 quan thé virut ¢6 vé ngoai trong vong 30
pht tiép xtic,

(iii-c) it nhét 95% virut khong cé vé ngoai trong vong 30 phut tiép xuc,

va/hodc
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(iii-d) ft nhat 94% ciia log 4 quin thé vi khuan Clostridium difficile

trong vong 24 gio tiép xtc,

phit hop véi thir nghiém JIS Z 2801 (2006) vé hoat tinh khang vi sinh vét, hodc phién

ban bién d6i cta thir nghiém nay nhu duge md ta ¢ day,

(iv) mang dugc tao thanh tur ché phim c6 gia tri bang 2 hoic thap hon theo th
nghiém d¢ gay doc t& bao in vitro cia T chirc tiéu chuin héa Quéc té

(ISO) 10993-5,

(v) tht nghiém do bén dugc chon tir mot trong sb (v-a) mang dugc tao thanh
tir ché phém'tiéu diét it nhat 99,9% vi khuén gram duong va vi khuén
gram am theo thir nghiém hoat tinh ty sat tring tdn du theo phuong phap
EPA # 01-1A, hodc (v-b) doi 7 ngdy sau khi tao ra mang, mang dugc tao
thanh tir ché phém tiéu diét it nhit 95% vi khudn gram dwong va vi khudn
gram am, hodc virut ¢6 v6 ngoai va virut khong c6 vo ngoai theo phién
ban bién d6i cua thir nghiém hoat tinh tu sat trung tdn du theo phuong

phép # 01-1A, nhu dugc mo ta & day.

Hiéu qua cua ché phrflm khang vi sinh vat, dugc mo ta & day, dugc xem xét tdt
nhit theo cac wu diém sau. Ché phdm nay c6 kha nang “tiéu diét ngay” khi dugc phu
1én bé m3t dudi dang chét khir triung truyén théng — tham chi khi khong c6 mit céc hoa
chét sat tring thong thudng ma co6 thé c¢6 ddc. Ché pham nay c6 kha ning “tiéu diét
sau,” tic 13, tiéu diét 1au dai (sat trang) trong twong lai sau khi phit bang céch tao ra
mang ty sat trung ton du ma vuot qua thit nghiém do bén dugc EPA chip nhan va thi
nghiém d§ doc dugc EPA phé duyét, nhu dugc mo ta ¢ day. Mang tu sat trung ton du
c6 thé loai bo dugc b?mg nudc (chéng han nuéc xa phong ém), ruou, hodc hdn hop
nudc-rugu. Cong nghé nay co thé diéu chinh dugc & mitc cao do: i) ché phdm nay c6
thé duoc didu chinh dé tao ra cic mang c6 @) day, do hoa tan, va do bam dinh khac
nhau, ii) mdt hodc nhiéu polyme dang cation ¢4 thé dugc tron & ty 1€ cu thé dé hudng
dich cac mim bénh cu thé va/hodc d8 thiét ké cac san pham c6 céc profin chi phi khac
nhau, va/hodc iii) tinh nang “tiéu diét ngay” tw nhién bt ngudn tlr polyme dang cation
¢6 thé dugc ting cudng, néu mudn, bing cach bd sung mot hodc nhiéu chit khang vi

sinh vat thong thudng vao ché pham. Céc uu diém nay va cac uu diém khéc cla sang
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ché, cling nhu cic dic di€m sang tao bo sung, s& dugce the hién o rang tir phan mo ta

sang ché dugc dé cap dén & day.

Ché pham khang vi sinh vat chira it nhé4t mot polyme dang cation. Polyme dang
cation ndy c6 thé 1a polyme dang cation thich hop b4t ky c6 khdi lugng phén tir va mét
5 dién tich thé hién dic tinh khang vi sinh vét va cho phép ché phim hoic mang dugc
tao thanh tir ché phim niy vuot qua it nhit mdt trong cac thi nghiém (i)-(v). D& xac
dinh dugc r%mg, méat do dién tich bi anh huéng bai khdi lugng phan ti va dd pH cua
ché pham. Vi dy, dién tich ¢6 xu huéng téng 1én khi khdi lugng phén tir cao hon. Theo
cach khéc, hodc ngoai ra, dién tich c6 xu hudng tang 1én khi do pH thép di. Nhu vay,
khéi Iwong phén tir va/hodc do pH c6 thé dugc thay dbi dé tao ra mét do dién tich
va/hodc hoat tinh khang vi sinh vt mong mudn. Khdi lugng phan tir thich hop cla cac
polyme dang cation khac nhau dugc mo ta & day. Do pH cua ché phdm thuong 1a thap
hon khoang 7, nhu do pH nam trong khoang tir 3 dén 7, t6t hon 1a do pH nam trong
khoang tir 4 dén 6.

Khodng mong muén bi han ché & ly thuyét cu thé bat ky, polyme dang cation c6
hiéu qué cao trong viéc, khong k& céc tac dung khéc, huéng dich vi khuén gram duong
va/hodc vi khuén gram am va virut ¢6 v ngoai va virut khong ¢6 vo ngoai. Cu thé,
duoc tin réng polyme tich dién duong hat va lién két voi hat sinh vat, nhu hat virut.
Polyme nay tiép tuc bao boc vi sinh vit nay. Ngay khi polyme bao boc hoan toan vi

sinh v4t ndy, thi vo capsit bi pha huy, dAn dén viéc giai phong vét liéu gen vO hai.

Céc vi du cu thé vé& polyme dang cation thich hop bao gdm mubi
polydialyldialkylamoni, mudi acryloxyalkyltrialkylamoni (chang han
acryloxyetyltrimetylamoni halogenua, metacryloxyetyltrimetylamoni halogenua),
mudi vinylphenalkyltrialkylamoni (ching han vinylbenzyltrimetylamoni halogenua),
mudi acrylamidoalkyltrialkylamoni (ching han 3-acrylamido-3-
metylbutyltrimetylamoni halogenua), poly(muéi acrylamit-co-dialyldialkylamoni)
(chang  han poly(acrylamit-co-dialyldimetylamoni clorua)), polyme gbe
polyetylenimin, chitosan, hodc két hop cua ching. Trong polyme bt ky trong sd cac
polyme néu trén, mdi nhém alkyl 1a gidng nhau hodc khic nhau va la nhém ¢6 1 dén 6
nguyén tir cacbon mach théng hogic nhom c6 3 dén 6 nguyén t& cacbon mach nhanh
(chéng han, metyl, etyl, t-butyl), va mudi 12 anion, nhu halogenua (chéng han clorua,

florua, bromua), anion chira halogenua (chdng han bis(triflometan)sulfonimit,
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trifloaxetat), sulfat, hodc phosphat. T6t hon 13, polyme dang cation la mudi
polydialyldialkylamoni (ching  han  polydialyldimetylamoni  halogenua),
poly(acrylamit-co-dialyldialkylamoni halogenua) (ching han poly(acrylamit-co-
dialyldimetylamoni clorua)), va/hodc polyme gbc polyetylenimin (chdng han PEI
mach thing khong bién d6i v& mit héa hoc). Theo mot s6 phuong é4n, ché phdm nay
khong chua hop chit da vong co ciu néi (chidng han cdu trac cavitand), bao gdm hop
chét da vong c¢6 ciu ndi lién két vai polyme (chang han cavitand lién két v6i polyme).
Theo mdt sé phuong an, polyme dang cation khong phai 1a vt liéu lai chira mot hodc

nhidu kim loai hoa tri hai va cac cau noi siloxan.

Trong mot sb truomg hop, su két hop cla hai hodc nhiéu polyme dang cation
dugc chon tur mudi polydialyldialkylamoni (ching han polydialyldimetylamoni
halogenua), mudi acryloxyalkyltrialkylamoni, mubi vinylphenalkyltrialkylamoni, mudi
acrylamidoalkyltrialkylamoni, poly(acrylamit-co-dialyldialkylamoni halogenua),
polyme gdc polyetylenimin, va chitosan dugc stt dung trong ché phdm nay. Theo mét
phuong an cu thé, mudi polydialyldialkylamoni (chdng han polydialyldimetylamoni
halogenua) dugc su dung két hop véi polyme gbe pvolyetylenimin (ching han
polyetylenimin (PEI) mach thing hodc mach nhanh). Theo mét phuong an dugc uvu
tién, polydialyldimetylamoni clorua hodc poly(acrylamit-co-dialyldialkylamoni clorua)

dugc st dung két hop v6i PEI mach théng khong bién dbi v& mit héa hoc.

Polyme dang cation ¢ thé hoic c6 thé khong dugce st dung két hop véi polyme
dang anion @2 tao ra phirc hop da dién phéan (PEC). Nhu dugce sit dung trong ban md
ta, PEC dung dé chi phitc hgp tao ra mot cach tu dong khi bd sung mot hodc nhiéu
polyme dang cation két hop v6i mot hodc nhidu polyme dang anion. PEC thuong 1a ua
nudc va cb xu huéng tan trong nuée. Theo mot s6 phuong an, ché phdm nay khong
chira polyme dang anion. Khi polyme dang cation la mudi polydialyldialkylamoni
(chang han polydialyldialkylamoni halogenua), viéc tao ra PEC la tuy ¥, tuc 1a,
polyme dang anion la tiy y trong ché phdm nay. Theo mot s6 phuong an, ché phdm
nay khéng chira polyme dang anion két hop véi mudi polydialyldialkylamoni (ching
han polydialydimetylamoni halogenua).

Theo mdt phuwong 4an, polyme dang cation la mudi polydialyldialkylamoni, nhu
polydialyldialkylamoni halogenua (ching han halogenua hodc anion chira halogenua),

polydialyldialkylamoni sulfat, hoic polydialyldialkylamoni phosphat. Trong
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polydialyldialkylamoni halogenua, halogenua nay c6 thé 14 hop chét thich hop bét ky
trong d6 anion ndy 13 halogenua hodc bao gdbm halogenua (ching han
bis(triflometan)sulfonimit, ~ trifloaxetat), —nhu, polydialyldimetylamoni  florua,
polydialyldimetylamoni clorua, polydialyldimetylamoni bromua,
polydialyldimetylamoni iodua, polydialyldimetylamoni bis(triflometan)sulfonimit
hoic két hop éfla chung. Theo cac phuong 4n dugc uu tién, polydialyldimetylamoni
halogenua 13 polydialyldimetylamoni florua, polydialyldimetylamoni  clorua
(polyDADMAC), hodc hdn hop cua polydialyldimetylamoni clorua va
polydialyldimetylamoni florua va/hodc polydialyldimetylamoni

bis(triflometan)sulfonimit.

Céac mudi polydialyldialkylamoni dugc wu tién 1a cac polyme dugc tao ra tir qua

trinh polyme héa cac hop chét dialyldialkylamoni, ma c6 thé duge thé hién bang cong

thirc sau:

T1
H,C=—C—CH R
2 \2 / 3

N* Y
/7 \

H,c=—=C—C R4

| P

trong d6 R1 vaRz 1a gidng nhau hogc khac nhau va mdi nhém nay 12 hydro hodc Ci-Ce
alkyl; R; va Ry doc 1ap 1a hydro hodc nhém alkyl, hydroxyalkyl, carboxyalkyl,
carboxyamidalkyl hogc alkoxyalkyl co tir 1 dén 12 nguyén tir cacbon; va Y- 1a anion
nhu halogenua, anion chira halogenua (chéng han bis(triflometan)sulfonimit), sulfat,
hodc phosphat. Cac vi du vé dialydialkylamoni monome dugc wu tién bao gdm
dialyldimetylamoni clorua (DADMAC), dialyldimetylamoni florua,
dialyldimetylamoni bis(triflometan)sulfonimit, dialyldimetylamoni ~ bromua,
dialyldimetylamoni sulfat, dialyldimetylamoni phosphat, dimetylalyldimetylamoni
clorua, dimetyalyldimetylamoni florua, dimetyalyldimetylamoni
bis(triflometan)sulfonimit, dietylalyldimetylamoni clorua, dietylalyldimetylamoni
florua, dietylalyldimetylamoni bis(triflometan)sulfonimit, dialyldi(beta-
hydroxyetyl)amoni clorua, dialyldi(beta-hydroxyetyl)amoni florua, dialyldi(beta-

hydroxyetyl)amoni bis(triflometan)sulfonimit, dialyldi(beta-etoxyetyl)amoni clorua,
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dialyldi(beta-etoxyetyl)amoni florua, dialyldi(beta-etoxyetyl)amoni
bis(triflometan)sulfonimit, dialyldietylamoni clorua, dialyldietylamoni florua, va
dialyldietylamoni bis(triflometan)sulfonimit. Theo mdt phuong an duoc uu tién,

polyme dang cation 1a polyDADMAC.

Theo mdt phuong an cu thé, mot sb ion trai diu chira clorua cta phan tir
polyDADMAC c¢6 thé dugc chuyén hoa thanh ion trai d4u chira florua khong tan. Qué
trinh chuyén héa nay 6 thé dién ra, vi dy, bing céch bd sung hon hop loang cta lithi
bis(triflometan)sulfonimit (LiTFSI). LiTFSI, cling nhu polyDADMAC, mang dién tich
tinh dién mé mang lai cho gbc nay tinh chét (da) dién phan trong dung dich. Qua trinh
trao ddi ion trai du nay trong polyDADMAC bai LiTFSI dugc minh hoa trén Fig.1.
LiTFSI d4 dugc biét dén 13 c6 d6 hoa tan va dd 4n dinh tdt trong nudc. Phan ung trao
d6i bao gdm qua trinh trdn hai dung dich: mdt dung dich chira polyDADMAC tich
dién duong va dung dich con lai chita anion TFSI- tich dién 4m. Khi mot phﬁn da
anion trai ddu cta polyme dugc trao dbi cho anion TFSI-, polyme nay tré nén khong
tan, va két tia khoi dung dich. Cac anion TFSI" trong dung dich ¢6 thé dugc lién két
v6i chudi polyme hodc ¢ thd 12 mot phan ciia mixen. Sang ché hudng dén viée st
dung chién lugc trao ddi ion dé chi tao ra di mixen dé 1am giam nhe d§ tan cla
polyme dang cation khi sir dung mdt minh hodc trong mang PEC. Viéc bd sung anion
TFSI- 1am giam do tan cta polyme nhung lai lam téng do bén ctia mang thu dugc so
v6i thir nghiém hoat tinh tu sat trung tdn du theo phuong phap EPA # 01-1A, hodc
phién ban bién dbi cia nd, nhu duge mod ta & day. DY tan mong mubdn dat duoc bﬁng
cach xac dinh bang thi nghiém lugng TFSI s& din dén giam do tan theo mong mudn.
Trong mdt vi du cu thé, cac budc sau co thé duoc st dung: 1) dau tién, 1am giam 125
ml nude di duoc bd sung vao dung dich polyDADMAC; 2) tao ra dung dich lodng cua
TFSI bing cach tron vao dung dich nay tir 0,125 dén 0,250 gam TFSI d6i voi mdi 2,4
gam polyDADMAC; sau d6 3) phun mu dung dich lodng ndy vao dung dich
polyDADMAC. Phuong phdp nay dugc tién hanh & nhiét dd trong phong kém khudy
manh trong 24 gio, didu nay 1a can thiét @& dam bao sy phan b6 ddng nhét. Néu mubn,
hdn hop nay co thd dugc st dung dé tao ra PEC v6i mot hodc nhiéu polyme dang
anion. Néu PEC dugc mong mudn theo phwong 4n nhu vy, sy thay thé mot phan ion
trai ddu CI' trong polyDADMAC tan trong nudc dat dugc bing cach bd sung dung

dich loang chira TFSI trude khi dua polyme dang anion vao dé tao ra PEC.
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Chién Iuoc bién ddi ion trai déu ctia polyDADMAC khéng gy anh hudng bat
lgi dén hoat tinh khang vi sinh vét ctia noé. Pé kiém tra hoat tinh nay, TFSI" du dugc st
dung dé tao ra chit két tha ma sau d6 dugc hoa tan trong dimetyl sulfoxit (DMSO).
Sau d6 dung dich nay dugc dit trén mang trugt dé tao ra mang duoc gilt 7 ngady va sau
d6 dugc ciy truyén log 6 quan thé Escherichia coli (E. coli). PolyDADMAC di dugc
bién dbi v6i hdn hop cua ion florua va clorua tao ra mang co6 thé tiéu diét > 99,99%

quin thé E. coli trong vong 30 phut.

Mudi polydialyldialkylamoni (ching han polydialyldimetylamoni halogenua),
mubi acryloxyalkyltrialkylamoni, mudi vinylphenalkyltrialkylamoni, va/hodc mubi
acrylamidoalkyltrialkylamoni tdt hon 12 ¢6 khdi lugng phan tir trung binh s6 nim trong
khoang tir 25.000 g/mol dén 20.000.000 g/mol. Khéi lugng phén tir cao hon thuong
duoc wu tién dé 1am giam d¢ tan clia mang dugce tao thanh tir ché phdm khing vi sinh
vat. Mubi polydialyldialkylamoni (chdng han polydialyldimetylamoni halogenua),
mubi acryloxyalkyltrialkylamoni, mudi vinylphenalkyltrialkylamoni, va/hodc mudi
acrylamidoalkyltrialkylamoni ¢ thé c6 khdi luong phan tir trung binh s6 bang
20.000.000 g/mol hodc thép hon, vi du, 15.000.000 g/mol hoac thép hon, 10.000.000
g/mol hodc thap hon, 5.000.000 g/mol hogc thip hon, hogc 1.000.000 g/mol hodc thap
hon. Theo cach khéac, hodc ngoai ra, mudi polydialyldialkylamoni, mudi
acryloxyalkyltrialkylamoni, mudi  vinylphenalkyltrialkylamoni, ~va/hodc mudi
acrylamidoalkyltrialkylamoni c6 thé ¢6 khdi luong phan tir trung binh s6 bang 25.000
g/mol hodc cao hon, vi dy, 50.000 g/mol hodc cao hon, 100.000 g/mol hodc cao hon,
150.000 g/mol hodc cao hon, 200.000 g/mol hoidc cao hon, 250.000 g/mol hodc cao
hon, 300.000 g/mol hodc cao hon, 350.000 g/mol hodc cao hon, 400.000 g/mol hodc
cao hon, 450.000 g/mol hodc cao hon, 500.000 g/mol hodc cao hon, 550.000 g/mol
hodc cao hon, 600.000 g/mol hodc cao hon, 650.000 g/mol hodc cao hon, 700.000
g/mol hogc cao hon, 750.000 g/mol hodc cao hon, hodc 800.000 g/mol hogc cao hon.
Nhu vy, mudi polydialyldialkylamoni, mudi acryloxyalkyltrialkylamoni, mudi
vinylphenalkyltrialkylamoni, va/hodc mubi acrylamidoalkyltrialkylamoni ¢o6 thé c6
khéi lugng phan tir trung binh s6 bi gi6i han boi bat ky hai trong s6 cac diém cudi da
néu. Vi du, mubi polydialyldialkylamoni, mubi acryloxyalkyltrialkylamoni, mubi
vinylphenalkyltrialkylamoni, va/hodc mubi acrylamidoalkyltrialkylamoni ¢o6 thé c6

khdi lugng phéan ti trung binh s6 nim trong khoang tir 25.000 g/mol dén 20.000.000
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g/mol, nim trong khodng tr 25.000 g/mol dén 15.000.000 g/mol, nim trong khodng tir
25.000 g/mol dén 10.000.000 g/mol, ndm trong khoang tir 25.000 g/mol dén 5.000.000
g/mol, nam trong khoang tr 25.000 g/mol dén 1.000.000 g/mol, nim trong khoang tir
50.000 g/mol dén 1.000.000 g/mol, ndm trong khoang tir 100.000 g/mol dén 1.000.000
g/mol, nam trong khoang tir 150.000 g/mol dén 1.000.000 g/mol, nim trong khoang tir
200.000 g/mol dén 1.000.000 g/mol, ndm trong khoang tir 250.000 g/mol dén
1.000.000 g/mol, ndim trong khoang tir 300.000 g/mol dén 1.000.000 g/mol, nim trong
khoang tir 350.000 g/mol dén 1.000.000 g/mol, hodc nam trong khoang tir 400.000
g/mol dén 1.000.000 g/mol. Theo mdt sd phuong é4n, mudi polydialyldialkylamoni,
mudi acryloxyalkyltrialkylamoni, mudi vinylphenalkyltrialkylamoni, va/hodc mubi
acrylamidoalkyltrialkylamoni c6 khéi luong phan tir trung binh s6 nam trong khoang
tir 250.000 g/mol dén 1.000.000 g/mol hodc ndm trong khoang tir 800.000 g/mol dén
1.000.000 g/mol, bao gdm nim trong khoang tir 900.000 g/mol dén 1.000.000 g/mol.

Theo mot sb phuong an, mudi polydialyldialkylamoni 1a mudi
polydialyldialkylamoni ¢ “khdi luong phan tir cyc cao”, nhu polydialyldimetylamoni
halogenua c6 khdi lwong phén ti cuc cao. Mubi polydialyldialkylamoni c6 khéi lugng
phén tir cyc cao (ching han polydialyldimetylamoni halogenua) thuong c6 khdi lugng
phin t trung binh s6 nam trong khoing tir khoang 800.000 g/mol dén khoang
20.000.000 g/mol (chdng han nim trong khoang tir khoang 1.000.000 g/mol dén
15.000.000 g/mol, nim trong khoang tir khoang 1.000.000 g/mol dén 10.000.000
g/mol, n&m trong khoang tr khoang 1.000.000 g/mol dén 5.000.000 g/mol, nam trong
khoang tlr khoang 2.000.000 g/mol dén 5.000.000 g/mol, ndm trong khoang tir khoang
3.000.000 g/mol dén 5.000.000 g/mol, nim trong khoang tir khoang 4.000.000 g/mol
dén 10.000.000 g/mol, ndm trong khoang tir khoang 5.000.000 g/mol dén 20.000.000
g/mol, nim trong khoang tir khoang 5.000.000 g/mol dén 15.000.000 g/mol, nam trong
khoang tir khoang 6.000.000 g/mol dén 20.000.000 g/mol, va ndm trong khoang tir
khoang 6.000.000 g/mol dén 15.000.000 g/mol). Theo cac phuong én nay, nhin chung,
halogenua trong polydialyldialkylamoni halogenua 1a florua, clorua, bao gbdm céc
anion chtra florua va/hogc clorua. Cu thé, polydialyldialkylamoni halogenua la
polyDADMAC hodc hdn hop ctia polyDADMAC va polydialyldimetylamoni florua

va/hodc polydialyldimetylamoni bis(triflometan)sulfonimit.
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Theo phuwong 4n khéc nita, polyme dang cation la polyme gbc polyetylenimin,
thuong 13 hitu hiéu khéang lai virut khong c6 vé ngoai, chiém mot luong 16n trong sb
cac vi sinh vat gdy bénh, nhu virut rhino, virut polio, virut adeno, virut coxsackie, virut
parvo, va virut rota. Polyme gbc polyetylenimin c6 thé 1a polyme gbc polyetylenimin

thich hop bat ky mach thing hoic khong thing, t&t hon 12 mach thing.

Pi c6 nhidu béo céo vé polyetylenimin (PEI) duoc bién dbi hoa hoc dé tao ra
chit khang vi sinh vét. Xem, vi duy, Gao et al. (J Biomaterial Science, Polymer
Edition, 2007, 18, 531-544) bdo cao rang PEI mach nhédnh (BPEI) bac bbn c6 tinh
khéng vi sinh vat khang Escherichia coli (E. coli) ¢ cac ndng do thap. Pasquier et al.
(Biomacromolecules, 2007, 8, 2874-2882) bao céo réng BPEI duoc tao bac bdn véi
céc nhém alkyl mach dai khac nhau c6 hoat tinh khang vi sinh vét khang E. coli & muc
d6 nhat dinh, trong khi PEI mach thang (LPEI) dugc ghép véi céc chudi alkyl mach
dai tao ra hang loat din xuit LPEI khong tan trong nudc da cai bién ky nuc ma tiéu
diét mot cach hidu qua E. coli va Staphyloccoccus aureus. Xem ca trong, patent My
9,399,044 va WO 2008/127416 A2. Vi du, PEI dugc bién dbi hoa hoc duge md ta
trong Patent M§ 9,399,044 chi c6 hiéu qua khang vi khuin (ching han Tuberculosis
mycobacterium, E. coli gram am va Pseudomonas aeruginosa, Staphylococcus aureus
gram duong) va nim Candida albicans, nhung khong khang virut. WO 2008/127416
A2 cho thy ring 16p phu khang vi sinh vét chira PEI dugc bién d6i héa hoc c6 kha
ning tiéu diét cdc virut ¢6 vo ngoai nhung khong tiéu diét dugc cac virut khong c6 vo

ngoai, nhu dugc thé hién trong Bang 1.

Béang 1
A g Hiéu gia virut cubi cling
, Higu gia virut (pfu/ml) Giam hiéu gi4
Ching ban dau - . .
(pfu/ml) Méng truot Mang truot virut
khong dugc phit | duoc phu

A/Wuhan/359/95 | (4.8+0,5)x10° | 3,104 x 10° 0 100% (> 3,5 logs)

Alturkey/MN/833/80 | (6,1 £1,1)x 10° | 3,7+ 0,4) x 10* 0 100% (> 4,5 logs)

Tuy nhién, cai bién héa hoc ddi héi phai ¢6 quy trinh héa hoc hitu co dat do,
san luong thip ma st dung cac hoa chit c6 doc giy hai cho con nguoi va moi truong.
Nhu viy, theo mdt s phuong 4n cia sang ché, polyme gbc polyetylenimin 1a PEI

mach thing ma chwa dugc cai bién héa hoc hodc cau tric (chang han khong bao gobm
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nhém alkyl vi/hodc amoni bic bén). Ngoai ra, da phét hién ra rang, PEI mach thing
khong bién dbi v& mat hoa hoc ¢6 thé tiéu digt cac virut khong c6 v ngoai. Cu thé,
mang chira PEI mach thing khong bién dbi v& mit héa hoc dugc mo ta ¢ day khong
nhitng tiéu diét vi khuén gram duong va gram 4&m ma con cho thiy su giam it nhét 13
log 4 (99,99%) khang ca virut c6 v ngoai va virut khong c6 vé ngoai, didu nay dic
biét quan trong do nhidu virut khong cé vo ngoai 12 vi sinh vt gy bénh ma gy cam
lanh thong thuong va cim da day-rudt, nhu virut rhino, virut polio, virut adeno, virut
coxsackie, virut parvo, va virut rota. Kha nang cua ché phim khang vi sinh vat chira
PEI mach thing khong dugc bién d6i hoa hoc trong viéc lam giam thé thuc khuin

MS2, duge coi 12 dai dién cho virut khéng c6 vo ngoai, dugc thé hién trong Bang 2.

Bang 2
Thoi | Phintrim | Giim tinh
Visinhvat | 82 | Chét thit nghigm | T O/CRat | gtam so vl theo Loguo so
tiep mang doi ching véi doi chung
xuc song song song song
Chét c4y truyén ban dau 4,00E+05
Thé thue Doi chimg song 1,60E+05 n/a
khuan MS2 song
ATCC 5 phit lfhE} milich ths%g
15597-B1 10ng dUoc bicn 0
dbi hoa hoc, 6K 1,00E+01 99,994% 4,20
ppm, 46 pH = 6,4

Theo c4c phuong an khéc, polyme gbc polyetylenimin 1a PEI dd khtr axyl hoa
hodc N-alkyl-N-metylpolyetylenimin bac bdn. Polyetylenimin dd khir axyl hoéa ¢ thé
dugc cung chp tir ngudn thuong mai, nhu Polysciences, Inc. (Warrington, PA). Nhu
dwoc st dung trong ban md ta, “polyetylenimin dugc khir axyl héa” dung dé chi
polyetylenimin cé cé4c nito c6 thé proton héa va c6 cong thic:

Me OH
N

H Hel

n
s

trong d6 polyme ndy da dugc thily phan (dugc khtr axyl h6a) mot phén (it nhét 10%, it
nhét 20%, it nhét 30%, it nhat 40%, it nhit 50%, it nhat 60%, it nhit 70%, it nhat 80%,
hodc it nhét 90%) hodc hoan toan (khoang tir 98 dén 100%). Khong mong mudn bi han
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ché & Iy thuyét cu thé bat ky, dugce tin rang viéc khir axyl hoa clng c¢b kha ning cia

PEI trong viéc tiéu diét virut va 1am gidm tinh gdy doc té bao cia nd.

Nhu duoc st dung trong ban md ta, “N-alkyl-N-metylpolyetylenimin bac bén”
ding dé chi polyetylenimin d& duogc thity phan mdt phan (it nhat 10%, it nhét 20%, it
nht 30%, it nhit 40%, it nhAt 50%, it nhit 60%, it nhit 70%, it nhét 80%, hogc it nhat
90%) hodc hoan toan (khoéang tur 98 dén 100%), dugc metyl hoa, sau d6 tao béc bdn
v6i nhom thé alkyl. Nhém thé alkyl theo phuong 4n nay c6 thé 12 nhém thé alkyl thich
hop bat ky c6 dang mach thing hosc mach nhanh. Nhin chung, nh6m thé alkyl nay c6
do dai mach dugc chon dé khang virut hiéu qua nhét, vi du 1 dén 18 nguyén tir cacbon,
bao goém 8 dén 14 nguyén t& cacbon va 10 dén 12 nguyén t& cacbon. Theo mdt

phuong &n, nhém thé alkyl ndy 1a decan, dodecan, hogc hexadecan.

Con dudng tdng hop d8 tao ra PEI dugc thily phan hoan toan (duge khir axyl

hoéa), dugc metyl hoa, va sau d6 duge tao bac bdn bao gdm céc budc phuwong phap sau:

Bude 1: didu ché PEI mach thing dugce khir axetyl hoéa hoan toan bang phan
{rng thily phan c6 xdc tac axit cia PEOZ bén trén thi trudng (ching han 500 kDa, 200
kDa, va 50 kDa, tt hon 1a 50kDa). Vi du, 10,0 g PEOZ duge bd sung vao 400mL HCI
24% (khéi lugng/thé tich), sau d6 hdi lwu trong 96 gis. Tinh thé POEZ dugc hoa tan
hoan toan trong 2 gid, nhung 3 gid sau do, (tic 1a, tbng cong 5 gid) thi xuét hién chét
két tha mau tring. Trong mdi trudng hop thi chét két tia nay duoc tach ra bang cach

loc va sau d6 dugc sdy khd trong khong khi.

PEOZ dugc proton hoa (2-etyl-2-oxazolin) sau d6 dugc khtr proton hoa bing
cach st dung dung dich bazo chira nude (ching han KOH). Néi mét cach ngin gon, 10
g PEI mach thing da dugc proton héa dugc hoa tan trong nuée cat (50 mL), va KOH
6M dugc bd sung cho dén khi do pH cta dung dich tré thanh ~11. PEI dugc khu
proton héa hoan toan xuét hién duéi dang chét két tia mau tréng, ma duoc loc va dugc
rtra nhidu 14n bing nudc cAt cho dén khi n6 trd thanh trung tinh (dd pH ~7). San pham
cudi cing 1a PEI mach thing khéng c6 nhém N-axyl c6 khéi lugng phan tir bing
khoang 217 kDa, 87 kDa, hogc t6t hon 1a 22 kDa.

Buéc 2: cong nghé metyl héa E. Clarke (Clarke et al., JACS, 55(11): 4571
(1933)) co thé dugc sir dung dé tao ra N-Metyl-PEI mach théng. Dung dich nuéc PEI
50% chira 10 g PEI 22 kDa dugc tao ra trong budc 1 duge chuyén vao binh day tron
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ma dugc bd sung axit formic 90% (24,5 mL, 0,48 mol) sau d6 1a formaldehyt 37%
(29,3 mL, 0,36 mol) va 20 mL nudc. Hon hop phan tng duoc khudy & nhiét dd 90°C
trong 96 gio. Sau khi lam mat xubng nhiét @ trong phong, do pH cla hdn hop phan
timg duoc didu chinh dén 11 bing cach s dung dung dich KOH 8M. PEI dugc khur
proton hoa N-metyl hoa dugc chiét mot vai lan béng cloroform, va toan by dung dich
hitu co dugc dua vao rira nhiéu 1an b%mg nudc. Sau do cloroform duoc loai bd dé thu

duge PEI dugc N-metyl hoa nhét mau vang c6 mirc do metyl hoa 100%.

Bude 3: N-Alkyl N-Metyl PEI sau d6 dugc tao béc bdn dé tan trong nudc va
hudng dich virut. Cu thé, 1g (17,5mmol/don vi 1dp) PEI da dugc N-metyl hoa duge
hoa tan trong 75 ml tert-butanol trong bng ap suét c6 nap xody. Ong nay dugc bd sung
1-bromohexadecan, dé tao ra d6 dai chudi bén khang virut hiéu qua nhét. Sau d6 hén
hop phan tmg duge gia nhiét & nhiét d6 105°C trong tir 48 gio dén 96 gio, tlly thude
vao @ hoa tan mong mudn cla san phdm cubi ciing. Sau khi két thuc phan tng, dung
mdi duoc loai bd dén mot phﬁn mudi thé tich ban dau cta né. Sau d6, mot luong du
axeton (200 mL) dugc bd sung vao hdn hgp phéan ng nay, va chét két tua duoc loc
sach. D4 tinh ché san phém hon nita, chat két tia dugc hoa tan trong cloroform, va
axeton dugc bd sung vao dé két tua lai san phém. Dung méi du dugc gan sach, va chét
két tia duoc lam kho bang cach sit dung bom chan khong cao dé thu dugce N-alkyl N-
metyl PEI polyme mach thing.

Polyme gbc polyetylenimin thuong c6 khéi luong phan tr trung binh s nam
trong khoang tir 15.000 g/mol dén 250.000 g/mol. Polyme gbc polyetylenimin ¢6 thé
¢6 khéi luong phan i trung binh s6 bing 250.000 g/mol hodc thap hon, vi dy, 230.000
g/mol hodc thép hon, 210.000 g/mol hodc thép hon, 190.000 g/mol hodc thép hon,
hodc 170.000 g/mol hodc thdp hon. Theo cach khac, hodc ngoai ra, polyme gbc
polyetylenimin co6 thé ¢6 khéi lwong phan it trung binh s6 bang 15.000 g/mol hodc cao
hon, vi du, 30.000 g/mol hogc cao hon, 60.000 g/mol hodc cao hon, 90.000 g/mol hodc
cao hon, 100.000 g/mol hodc cao hon, 120.000 g/mol hodc cao hon, hodc 150.000
g/mol hodc cao hon. Nhu véy, polyme gbc polyetylenimin c6 thé c6 khdi lugng phan
tir trung binh s6 dugc gidi han bai bét ky hai trong s6 cac diém cudi dd néu. Vi dy,
polyme gbc polyetylenimin ¢6 thd ¢6 khéi lugng phan tir trung binh s6 nim trong
khoang tir 15.000 g/mol dén 250.000 g/mol, nam trong khoang tir 15.000 g/mol dén
230.000 g/mol, ndm trong khoang tir 15.000 g/mol dén 210.000 g/mol, ndm trong
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khoéang tr 15.000 g/mol dén 190.000 g/mol, nim trong khoang tir 15.000 g/mol dén
170.000 g/mol, nam trong khoang tir 30.000 g/mol dén 170.000 g/mol, nim trong
khoang tir 60.000 g/mol dén 170.000 g/mol, nam trong khoang tr 90.000 g/mol dén
170.000 g/mol, nam trong khoang tr 120.000 g/mol dén 170.000 g/mol, hodc nim
trong khoang tir 150.000 g/mol dén 170.000 g/mol, chang han khoéang 160.000 g/mol.

Mot khia canh cua sang ché 1a ché pham khéng vi sinh vat chira (a) mudi
polydialyldialkylamoni (chiing han polydialyldimetylamoni halogenua) duogc st dung
két hop véi polyme gbc polyetylenimin (ching han polyetylenimin (PEI) mach thing
hodc mach nhanh, t6t hon 1a PEI mach thang), (b) it nhAt mot chét ting cudng bam
dinh, (c) tay ¥ hat hitu co va/hodc vO co ¢ hoat tinh quang xuc tac trong anh sang
nhin thdy, (d) tiy ¥ it nhit mot mudi, va (e) chét mang, mi chat nay déu duge mo ta &
day. Ché phim khang vi sinh vat vuot qua it nhit mot trong cac thir nghiém (i) — (v).
Ty 1€ khdi lugng giita mubi polydialyldialkylamoni va polyme gbc polyetylenimin la
lwong thich hop bét ky, nhung thudng ndm trong khoang tir 80/20 dén 20/80 (ching
han 30/70, 33/67, 40/60, 45/55, 50/50, 55/45, 60/40, 67/33, 70/30). Trong mot vi du cu
thé, ty 18 khéi luong ciia polyDADMAC:PEI 1a 50/50 hogc 33/67.

Khi polyme dang cation 1a polyme gbc polyetylenimin, ché pham nay c6 thé
con chira polyme dang anion, sao cho polyme dang cation va polyme dang anion két
hop dé tao ra PEC. Theo mét s6 phuong 4n, polyme gbc polyetylenimin, nhu PEI
mach thang khong bién dbi v& mit hoa hoc, dugc st dung ma khong c6 polyme dang
anion, nhu mudi ciia axit polyacrylic. Theo cac phuong 4n khac trong d6 PEC duoc
mong doi, ché phdm nay chua ci mudi polydialyldialkylamoni (ching han
polydialyldimetylamoni halogenua) va PEL nhu PEI mach nhanh. Hai phuong phap
duoc d& xuét dé bd sung PEI vao hé théng néu trén. Mot phuong phap 1a trude tién tao
phirc polydialyldialkylamoni halogenua va polyme dang anion va sau d6 tao phirc PEI
v6i polyme dang anion, sau d6 tron hai phuc chét nay. Phuong phap thr hai, va dugc
uu tién, 1a tao phuc d6ng thoi ca hai polyme dang cation v6i polyme dang anion trong
quy trinh tdng hop mot thiét bi.

Nguoi co hiéu biét trung binh trong linh vuc nay da biét dugc rang cac virut
khong c6 vé ngoai khang etanol, etanol nay 1a rugu dugc dung nhiéu nhét trong chét
sat trung tay va cac chét khir trung khac. Cac tac gia sang ché phat hién ra rang ché

phim chtta etanol va PEI mach thang khong bién ddi vé mit hoa hoc c6 hiéu qua trong
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viéc tiéu diét cac virut khong c6 vo ngoai va hoat tinh khang vi sinh vat co thé dugc
cai thién hon nita bing cach bd sung polyaxit hitu co phan tr nhd, nhu axit xitric.
Khong mong muén bi han ché & 1y thuyét bét ky, duge tin rang PEI mach thing duoc
proton hoa gén két dang anion cua polyaxit (ching han xitrat) dé tao ra phirc chit. Cac
polyaxit hiru co thich hop bao gbm axit polycarboxylic chira it nhét ba nhém axit
carboxylic (chéng han 3, 4, 5, va/hodc 6 nhom axit carboxylic), nhu axit tribasic hitu
co. Cac vi du cu thé vé axit polycarboxylic bao gdm axit xitric, axit isoxitric, axit
aconitic, axit propan-1,2,3-tricarboxylic, axit hemimelitic, axit trimelitic, axit trimesic,
axit prehnitic, axit mealanophanic, axit pyromelitic, axit benzenpentacarboxylic, axit
melitic, axit etylendiamin-N,N’-dimalonic (EDDM), axit 2,2'-azandiyldisuxinic, axit
2,2'-oxydisuxinic (ODS), axit etylendiamindisuxinic (EDDS), axit
dietylentriaminpentaaxetic (DTPA), axit etylen diamin tetraaxetic (EDTA), axit 2,2'-
((((1,2-dicarboxyetyl)azandiyl)bis(etan-2,1-diyl))bis(oxy))disuxinic, va két hop bét ky
cia chung. Tét hon 14 polyaxit 13 axit xitric. Phirc chit PEI-xitrat tao ra chét keo on
dinh khi ty 1€ gitta PEI mach thing da dugc proton hoa va axit xitric nim trong khoang
tir 70: 30 dén 90:10 (ching han khoang 70:30, khoing 75:25, khoang 80:20, khoang
85/15, hodc khoang 90:10). Néu muén c6 nhiéu axit xitric hon trong phtrc chét, vi du
60:40, chat keo c6 thé tré nén khong 4n dinh. Tuy nhién, chét keo nay c6 thé duge 1am

cho bn dinh bﬁng cach loc sach phuc chét xitrat 1én hon.

Theo phuong 4n khac nira, polyme dang cation la chitosan. Khi polyme dang
cation nay 14 chitosan, thi sy tao thanh PEC 1a tuy ¥, tic 14, polyme dang anion tuy y
¢6 mit trong ché phdm. Trong mot s6 trudong hop, chitosan c¢6 mirc khir axetyl hoa
va/hodc khir axetyl hoa kém theo tao bac bdn 13 95% hoic thép hon (ching han
trimetylchitosan) tao ra chitosan d& tan hon va c6 khéi lugng phén tir cao. Nhu vay, c6

thé tao ra mang tan it da bén dé khong cén phai hinh thanh PEC.

Chitosan thuong c¢6 khéi lwgng phan tir trung binh s6 nim trong khoang tir
20.000 g/mol dén 2.000.000 g/mol. Chitosan cé thé c6 khoi lugng phan tir trung binh
s& bing 2.000.000 g/mol hojc thdp hon, vi dy, 1.750.000 g/mol hodc thap hon,
1.500.000 g/mol hogc thép hon, hodic 1.250.000 g/mol hofic thap hon. Theo cach khic,
ho#ic ngoai ra, chitosan ¢ thé c6 khéi luong phan tir trung binh s6 bang 20.000 g/mol
hoic cao hon, vi dy, 50.000 g/mol hodc cao hon, 100.000 g/mol hodc cao hon, 250.000
g/mol hodc cao hon, 500.000 g/mol hoic cao hon, hodc 1.000.000 g/mol hogc cao hon.
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Nhu vay, chitosan c6 thé c6 khéi lugng phan tir trung binh s bi gi6i han béi bat ky hai
trong sb cac diém cubi @ néu. Vi dy, chitosan c6 thé c¢6 khéi lugng phén t trung binh
s6 nam trong khoang tur 20.000 g/mol dén 2.000.000 g/mol, ndm trong khoang tir
20.000 g/mol dén 1.750.000 g/mol, nim trong khoang tir 20.000 g/mol dén 1.500.000
g/mol, nam trong khoang tr 20.000 g/mol dén 1.250.000 g/mol, nim trong khoang tir
20.000 g/mol dén 1.000.000 g/mol, nim trong khoang tir 50.000 g/mol dén 2.000.000
g/mol, ndm trong khoéang tir 100.000 g/mol dén 2.000.000 g/mol, nim trong khoéng tir
250.000 g/mol dén 2.000.000. g/mol, ndm trong khoang tr 500.000 g/mol dén
2.000.000 g/mol, hodc ndm trong khoang tir 1.000.000 g/mol dén 2.000.000 g/mol. |

Khi ché phdm khéang vi sinh vt tiy y chia it nhét mdt polyme dang anion, tao
thanh PEC véi polyme dang cation, PEC nay c6 thé mang lai hai wu diém quan trong
cho sang ché: 1) su td hop cac polyme bang céach st dung cac PEC loai bd dugce viéc
str dung céc chét lién két chéo héa hoc, nhd d6 1am giam doc tinh cé thé c6 va cac tac
dung khong mong mudn khac cia cac chit phan tng; va 2) cac PEC duogc tao thanh

giita poly axit va poly bazo chiu dugc cac bién dbi d6 pH trong moi trudng hoa tan.

Polyme dang anion c¢6 thé 1a polyme dang anion thich hop bét ky ¢6 kha ning
tao thanh PEC véi polyme dang cation, nhu polyme dang anion dugc chon tir mudi cua
axit polyacrylic, polysulfat, polysulfonat, polycarboxylat, polyoxometalat,
metaloporphyrin dugc sulfonat héa hodc duge carboxyl héa, gdém xanthan, alginat,
hodc hop chit lignin (ching han lignosulfonat, pectin, carageenan, humate, fulvat, gom
angico, gobm Kondagogu (Cochlospermum gossypium DC.), natri alkyl naphtalen
sulfonat (chéng han MORWET™), axit poly-y-glutamic, tinh bt maleic ntra este,
carboxymetyl xenluloza, chondroitin sulphat, dextran sulphat, va axit hyaluronic).
Polyme dang anion cd thé c6 dang mach théng, mach nhanh, hinh cdy, ghép, hodc co

mit dudi dang copolyme (ching han copolyme khéi).

Theo céc phuong 4n dugc wu tién, polyme dang anion la mudi cta axit
polyacrylic (PAAS). Cac vi du cu thé v& PAAS bao gdm cic mudi kim loai kiém cta
axit polyacrylic (ching han mudi natri cta axit polyacrylic) va céc mudi amoni cla
axit polyacrylic. Mubi ctia axit polyacrylic c6 khéi luong phan tir trung binh sb bang it
nhét 1a 10.000 g/mol. Vi du, mubi ciia axit polyacrylic cd thé c6 khéi lugng phan tir
trung binh s6 bang 20.000 g/mol hodc cao hon, vi du 40.000 g/mol hodc cao hon,
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60.000 g/mol hodc cao hon, 80.000 g/mol hodc cao hon, 100.000 g/mol hodc cao hon,
120.000 g/mol hodc cao hon, hodc 140.000 g/mol hodc cao hon.

Kich ¢& va ciu tric bén trong ctia cac hat PEC duoc diéu chinh béi, vi du, quy
trinh tao thanh, moi treong va cac thong sé chu triic, thit ty tron cu thé, ty 18 tron, ndng
d6 PEC, d0 pH, va khdi lugng phén ti. Viéc kiém soat kich ¢& cta hat PEC 1a quan
trong do kich ¢ hat nay adnh huéng dén 1) d6 6n dinh chung cta PEC Pickering; 2) do
hoa tan ciia mang dugc tao thanh bang cach phan tan; va 3) do bén bam dinh ctia mang
v6i nén. Do hoa tan va do bam dinh cuia mang c6 thé dugc didu chinh bang cach kiém
soat kich ¢& clia chét keo PEC cudi cing. Mdt s6 ting dung ¢6 thé yéu ciu mang nay
phai it tan hon va bam dinh hon. Tuy nhién, vi¢c diéu chinh hai dic tinh nay ludn bi
rang budc badi vin d tinh én dinh. Néu qua nhiéu polyme dang anion duoc st dung,

chit keo PEC trd thanh qué 16n va két tia.

Kich ¢& hat PEC cudi cung co thé dugc xac dinh béng luong chét da dién phan
anion (n-) so véi luong chét da dién phan cation (n+). Néu ty 1& n-/n+ cao, hat PEC nay
s& phat trién. Tuy nhién, khi polyme dang cation dugc dinh lidu vao polyme dang
anion, s& c6 diém phat trién gia ting va sau do giam kich c¢g. Phuong phép pha tap
duoc uu tién 1a dinh lidu polyme dang anion vao polyme dang cation, mdc du thir tur

dinh liéu nay khong thé tao ra cac hat nho nhét (gia si n-/n+ thap hon 0,8).

Kich ¢& hat PEC ciing bi anh huéng boi thir tu tron. Khi polyme dang anion
duoc dinh lidu vao polyme dang cation, hat PEC tré nén 16n hon. Tuy nhién, co6 cac k¥
thuat dé bu lai su phat trién khong mong muén ndy. Trudce tién, kich c& hat nhii twong
PEC ¢6 thé dugc duy tri & kich c& nho bang cach giéi han ndng do cta chét da dién
phan trong dung dich tao thanh; n6i cach khac 13, 1am viéc v6i dung dich rat lodng. Do
tht ty tron wu tién cb tac dong bét loi dén kich c& hat, chién lugc bu néu trong sang
ché 1a 1am viéc véi dung dich loang, tirc 13, gidi han néng do ctia cac polyme va sau do
lam bay hoi lugng nuéc du sau khi tao thanh PEC. Theo mot phuong an cu thé cla
sang ché, phuong phép nay vu tién, nhung khong chi gi6i han &, viéc sir dung polyme
dang cation (ching han mudi polydialyldialkylamoni, mudi
acryloxyalkyltrialkylamoni, mudi vinylphenalkyltrialkylamoni, mudi
acrylamidoalkyltrialkylamoni, PEI, va/hodc chitosan) & ndng do nam trong khoéang tir

0,001 dén 0,1 M (ching han 0,005 M).
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Phuong phap thir hai dé bu lai xu huéng PEC phat trién 12 kiém soat dd pH cta
hdn hop polyme dang cation so v6i @ pH cta hon hop polyme dang anion. Vi du, do
pH thip hon ciia polyme dang cation (46 pH ~4) va d pH cao cua polyme dang anion
(dd pH ~10) khién cho kich ¢& hat nhé hon. Nhu viy, d6 pH dugc wu ti€n, nhung
khong bit budc, cia dung dich polyme dang cation (ching han mudi
polydialyldialkylamoni, mudi acryloxyalkyltrialkylamoni, mudi
vinylphenalkyltrialkylamoni, mubi acrylamidoalkyltrialkylamoni, PEI, va/hodc
chitosan) d& tao ra PEC dugc duy tri & ~4 va d6 pH anion dugc duy tri 6 ~10. D6 pH
ctia dung dich PEC cubi ciing 1a bang ~4,5 va sau khi bay hoi, 6 pH dugc diéu chinh
dén ~7,4. Puoc tin ring d6 pH thip hon cla chét 16ng polyme dang cation g6p phén
khién cho kich ¢& hat nho hon va nhu vay gitip bu lai anh hudng ti€u cuc cua thi tu

dinh lidu va khdi luong phén tir, tao diéu kién cho kich ¢& hat 16n hon.

Ché pham khéng vi sinh vét nén dugc gitt & d6 pH gin bing 7 dé vugt qua thir
nghiém d¢ giy doc t& bao cua EPA. Tham chi viéc hoa tan nhe mang trong khi thu
nghiém cling ¢6 thé gdy an mon, va do pH cao hon hodc thap hon 7 nhidu s& gy chét
té bao dong vat c6 v dugc st durig trong thir nghiém va mang nay khong dat yéu cAu.
Twong tu, d0 pH bing 7 nén gitp dam bao ring polyme dang anion duoc duy tri &
dang dugc ion hoa. Néu cin, d6 pH ¢6 thé duoc diéu chinh biang cach bd sung céc axit
thich hgp (chéng han axit clohydric, axit sulfuric, axit xitric, v.v.) hodc cac bazo thich
hop (ching han natri hydroxit, kali hydroxit). Dugc khuyén céo ring do pH cubi cling

dugc didu chinh sau khi phan tan hat hitu co va/hodc vo co bét ky vao PEC.

Theo sang ché, quan trong la bé mat PEC van duong manh. Vi du, néu mot
luong du polyme dang anion dugc bd sung (tirc 13, néu (n-/n+) qua cao) thi dién tich
hat PEC trd thanh am, viéc nay s& phd hity hi€u qua cia ché phim khéng vi sinh vat,
do dugc tin ring co ché tac dung khang vi sinh vt 1a lién quan dén viéc (cac) polyme
dang cation tich dién duong hut va xuyén qua mang vi sinh vét tich dién &m. Do do,
quan trong 1a dién tich hat PEC van dwong. Nhim muc dich theo sang ché, dugc
khuyén céo rang gi tri (n-/n+) khong vuot qua 0,3, va t6t hon 13 dudi 0,2.

Nhin chung, phan triéu (ppm) d6i voi d@d day mang dugc xéc dinh bang lugng
chét mang (ching han nuéc) duge 1lam bay hoi tir dung dich da két hop (ching han
dung dich PEC). Khi lam vi¢c v6i ndng do rat lodng, chit mang du dang ké can duoc

1am bay hoi dé dat ppm mong muén cta chit rén trong ché pham tao mang.
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Theo mdt khia canh ciia sang ché, PEC dugc t6 hop theo cach sao cho PEC c6
kich c& két tu trung binh trong dung dich thap hon khoang 500 nm (ching han thp
hon 400 nm, thdp hon 300 nm, thap hon 200 nm). Theo mot sb phuong 4n, kich c& két
tu ndy c6 duodong kinh thip hon khoang 100 nm (ching han thip hon 80 nm, thip hon
50 nm, thap hon 25 nm, thip hon 10 nm). Kich c& hat va khéi luong phan tir ctia PEC
két hop c6 thé dugc do bang k¥ thuat tin xa anh séang tinh hodc dong.

Ché pham khang vi sinh vét t5t hon 14 cling chua it nhét mét chét ting cudong
bam dinh ma cho phép ché pham nay bam dinh vao bé mit ciia nén dé tao ra mang tu
st trang ton du khong thé rtra troi ngay 14p tiec. Theo mot s6 phuwong 4n, mang ty sat
tring tdn du khong dugce lién két cong hoéa tri véi bé mit cta nén. Chit ting cuong
bam dinh c6 thé, trong mot ) truong hop, dugc md ta dudi dang chét két hop. Chét
ting cuong bam dinh thuong la mot hodc nhidu hop chét c6 it nhét mot nhém chire ¢6
luc hut vao bé mit cla nén mong muén, it nhit mot polyme dang cation, hodc ca hai.
Céc vi du thich hqp vé chét ting cuong bam dinh bao gdm titanat, PEI mach nhanh
hodc mach théng duogc carboxyl hoa, hop chét silan, copolyme khdi dang cation, va
céc polyme khic tao ra nhém phan tng “dinh”, nhu axyl hodc axit carboxylic, va din
xuét axit carboxylic. Tét hon 13, chét ting cudng bam dinh 1a PEI mach nhanh dugc

carboxyl hoa, do né khong lam giam dién tich cation ctia polyme.

Titanat c6 thé 12 titanat thich hop bat ky gia ting kha nang ctlia ché phdm trong
viéc bam dinh vao bé mit va/hoic khién cho ché phém hodc mang dugc tao thanh tir
ché phdm vuot qua mdt hodc nhiéu thtr nghiém (i)-(v). Thong thuong, titanat duoc
chon tir alkoxy titanat, neoalkoxytitanat, titanat dugc chelat hoéa oxyaxetat, titanat dugc

chelat hoa etylen, pyrophosphat titanat, va cac két hop cuia chung.

Theo cac phuong 4n dugc uu tién, titanat dugc chon tur titan IV 2,2(bis 2-
propenolatometyl)butanolato,  tris neodecanoato-O, titan IV 2,2(bis  2-
propenolatometyl)butanolato, tris(dodexyl)benzensulfonato-O, titan IV 2,2(bis 2-
propenolatometyl)butanolato, tris(dioctyl)phosphato-O, ~ titan IV~ 2,2(bis  2-
propenolatometyl)butanolato, tris(dioctyl)pyrophosphato-O, titan IV 2,2(bis 2-
propenolatometyl)butanolato, tris(2-etylendiamino)etylato, titan IV 2,2(bis 2-
propenolatometyl)butanolato, tris(3-amino)phenylato, ~ titan IV~ 2.2(bis  2-
propenolatometyl)butanolato, tris(6-hydroxy)hexanoato-O, hodc két hop bat ky cua
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chung. Thong thuodng, titantat 1a titan IV 2,2(bis 2-propenolatometyl)butanolato, tris

neodecanoato-O.

Ché phim khang vi sinh vét c6 thé chtra lugng thich hop bat ky ciia titanat dé
tao ra mang tu sat trung tdn du. Ché phim khéang vi sinh vét c6 thé chura, vi du, titanat
véi lugng 0,1% khdi luong dwa trén monome (“weight based on monomer-wbm”) cta
polyme dang cation, hodc cao hon, vi du, 0,2% wbm hodc cao hon, 0,3% wbm hodc
cao hon, 0,4% wbm ho#c cao hon, hodc 0,5% wbm hodc cao hon. Theo céach khac,
hodc ngoai ra, ché phdm khang vi sinh vét c6 thé chira titanat véi lugng 6% wbm cua
polyme dang cation, hodc thap hon, vi dy, 5% wbm hodc thap hon, 4% wbm hosc thip
hon, 3% wbm hodc thép hon, 2% wbm hodc thép hon, 1% wbm hogc thép hon, 0,9%
wbm hodc thép hon, 0,8% wbm hodc thép hon, hodc 0,7% wbm hodc thép hon. Nhu
véy, ché phim khéng vi sinh vét c6 thé chira titanat v&i lugng bi gidi han boi bét ky
hai trong sd cac diém cudi da néu. Vi dy, ché phdm khang vi sinh vat c6 thé chia
titanat v6i lugng nam trong khoang tir 0,1% wbm dén 6% wbm ctia monome cation, vi
du, nim trong khoéng tir 0,2% wbm dén 6% wbm, nim trong khoang tir 0,3% wbm
dén 6% wbm, nam trong khoang tir 0,4% wbm dén 6% wbm, nim trong khoang tir
0,5% wbm dén 6% wbm, nam trong khoang tir 0,5% wbm dén 5% wbm, nam trong
khoang tir 0,5% wbm dén 4% wbm, nim trong khoang tir 0,5% wbm dén 3% wbm,
nam trong khoang tir 0,5% wbm dén 2% wbm, nam trong khoang tir 0,5% wbm dén
1% wbm, nim trong khoang tir 0,5% wbm dén 0,9% wbm, nam trong khoéng tir 0,5%
wbm dén 0,8% wbm, hodc nam trong khoang tir 0,5% wbm dén 0,7% wbm, vi du

0,6% wbm.

Chét ting cudong bam dinh cé thé 1a PEI dugc carboxyl hoa (PEI-COOH) &
dang mach nhanh, mach théng, hozc hén hop cia mach nhanh va mach théng. PEI-
COOH c6 thé dugc mua trén thi truong hogc duge didu ché tir PEL Vi du, axit
bromoaxetic trong nudc c6 thé duoc bd sung vao PEI trong nudc. Sau do hdn hop thu
duoc duge khudy va sau d6 duoc loc dé tach polyme va loai bo axit khong phan tng.
PEL-COOH c6 thé c6 khéi lwong phan tir thich hop bét ky nhung thudng c6 khi lugng
phan t&r trung binh sé ndm trong khoang tir 15.000 g/mol dén 250.000 g/mol. PEI-
COOH c6 thé dugc st dung vé6i lugng thich hop thuong nam trong khoang tir 0,001%
dén 3% theo khéi luong, bao gdm céc khoang c6 diém cubi 12 0,01%, 0,1%, 0,5%, 1%,
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1,5%, 2%, va/hodc 2,5%. Lugng dugc uu tién la nam trong khoang tir 0,001% dén
0,01%, nhu 0,001% theo khdi luong.

Hop chét silan, nhu chét két hop silan, ¢6 thé duge st dung lam chét tang
cuong bam dinh. Nhin chung, chét két hop silan ¢ nhém chirc & cé hai dau tan cing
ma cho phép nhém hitu co, nhu polyme dang cation, lién két v6i nhém vo co, nhu nén.
Hop chit silan c6 thé c6 cong thirc R-(CH2),-Si-Xs, trong d6 R 1a nhom chire hitu co
(ching han C;-Czo alkyl mach thing hoic mach nhénh tiy y dugc thé, aryl tiry y duogc
thé, nhu phenyl hodc naphtyl, amino, nhu -NH(CHz2);NH>, epoxy, hogdc metacryloxy),
n 1 s6 nguyén nim trong khoang tu 0 dn 6, va X 1a nhom dé thiy phan (ching han
alkoxy, axyloxy, halo, hodc amino). Cac vi du thich hop bao gbm trialkoxysilan va
monoalkoxysilan, trong d6 alkoxy 1a Ci-Cealkoxy (ching han metoxy, etoxy, propoxy,
isopropoxy, butoxy, hodc két hop ctia chiing), silan dipodal (mach nhénh) ¢6 hai nhanh
alkoxy-silan, azasilan vong, vinyl silan, acryloxy silan, epoxysilan, va aminosilan,
hodc két hop bat ky clia chung. Cac vi du cu th v& hop chit silan bao gdm
metyltrimetoxysilan, metyltrietoxysilan, isobutyltrimetoxysilan, n-octytrietoxysilan,
phenyltrimetoxysilan, vinyltriclosilan, vinyltris(p-metoxyetoxy)silan,
vinyltrietoxysilan, vinyltrimetoxysilan, 3-metacryloxypropyl-trimetoxysilan, [B-(3,4-
epoxyxyclohexyl)-etyltrimetoxysilan, y-glyxidoxypropyl-trimetoxysilan, Y-
glyxidopropyl-metylidietoxysilan, N-B(aminoetyl)-y-aminopfopyl-trimetoxysilan, N-
B(aminoetyl)-y-aminopropyl-metyldimetoxysilan, 3-aminopropyl-trietoxysilan, va N-

phenyl-y-aminopropyl-trimetoxysilan, hogc két hop ctia chung.

Chét ting cuong bam dinh ciing ¢ thé 1a copolyme khdi dang cation, nhu
copolyme gbc polyetylen c6 khéi lugng phén tit cao 6 nhém bam dinh bazo hodc axit,
nhu amino va/hodc hydroxy. Cac san phim thudc loai ndy co ban trén thi truong bao
gdm BYK™ 4500, BYK™ 4510, BYK™ 4509, BYK™ 4512, va BYK™ 4513, sin
¢6 tir BYK Chemie GmbH (Wesel, DPirc). Lugng thich hop ctia copolyme khéi nim
trong khoang tir 0,001% dén 5% theo khéi lugng, bao gdm céc khoang co diém cudi 1a
0,01%, 0,1%, 0,5%, 1%, 1,5%, 2%, 2,5%, 3%, 3,5%, 4%, hodc 5%. Luong dugc vu
tién ndm trong khoang tir 0,5% dén 2%, nhu 1% theo khdi lwong.

Chét ting cuong bam dinh ciing c6 thé 13 polyme ty nhién c6 hodc dugc cai

bién dé c6 nhém phén tng “dinh”, nhu nhém axyl, axit carboxylic, dan xuat axit
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carboxylic, gbc chira luu huynh (ching han thio), nhdm amino, hydroxyl, va/hogc
nhém chira halo. Ban than polyme la gbc thich hop bat ky, tot hon 1a khong c6 dién
tich, nhu polyetylen, polypropylen, poly(etylen-vinylaxetat), polyeste, polyuretan,
polyamit, polyvinyl axetat, ruou polyvinylic, polyvinyl butyral, polyvinyl clorua,
polyvinyl ete, hodc két hop ctia chung. Lugng thich hop cua polyme nam trong khoang
1 0,001% dén 3% theo khéi lugng, bao gdm céc khoang cé diém cudi 12 0,01%, 0,1%,
0,5%, 1%, 1,5%, 2%, va/hodc 2,5%. Lugng dugc uu tién nam trong khoang tur 0,5%
dén 2%, nhu 1% theo khdi lugng.

Theo mot sb phuong an, ché phfim khéng vi sinh vét chtra hat hitu co va/hodc
vd co ¢6 hoat tinh quang xtc tac trong dnh sdng nhin thdy va c6 thé 12 hat gbc hitu co
(ching han graphen hodc graphitic cacbon nitrua (g-C3Ny)) va/hodc gbc vo co thich
hop bit ky ma c6 hoat tinh quang xtic téc trong anh sang nhin thdy (ching han nim
trong khoang tir 390 dén 700 nm). Hat hiru co va/hodc v6 co c6 hoat tinh quang xuc
tac tao ra cac loai oxy phan Gng ma co thé pha huy vi sinh vt gdy bénh (chang han
tiéu diét C. difficile, vi khuén va/hodc virut, bao gdm ciim gia cAm va SARS) ma gia
ting tinh chét khtr tring cla ché pham. Nhin chung, hat hitu co va/hodc v6 co ¢6 hoat
tinh quang xtc tac trong 4nh séng nhin thiy dugc chon tir graphen, g-CsNs, oxit kim
loai chuyén tiép, sulfua kim loai chuyén tiép, selenua kim loai chuyén tiép, chét nhay
thudc nhudm, polyme lién hop, kim loai quy, hodc hdn hop ctia chung. Hon hgp cua
c4c hat ¢6 nghia 1a hai hodc nhiéu loai hat khac nhau c6 mat trong ché phdm khéng vi
sinh véat, trong khi d6 trong compozit da diém nbi, cac thanh phan khac nhau cua
compozit dugc két hop chit ché dé dam bao su truyén electron, va t8i thiéu hoa su tai

t8 hop cua cac 16.

Nhu dugc st dung trong ban md ta, thudt ngit “hat” bao gff)m hat giéng hinh cdu
(ching han hinh cau) va céac hinh dang khéc, nhu hinh dia, thanh, khdi vuong, va phién
hoiic két hop clia cac hinh dang va hinh thdi khac nhau.

Graphen 12 mdt dang thu hinh cua cacbon, trong d6 céc nguyén tir cacbon dugc
lién két véi nhau & dang tdm c6 do day mot nguyén tir. Graphen c6 thé tuy y dugc tao
chirc bang nhém chira oxy va/hodc nito. Chét twong tu cua graphit 12 graphitic cacbon

nitrua (g-C3Ny), c6 tinh quang xuc tac.
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Oxit kim loai chuyén tiép, sulfua, va selenua c6 thé 13 hop chét thich hop bét ky
chtra it nht mot nguyén tir kim loai va it nhit mét anion ciia oxy, luu huynh, hodc
selen ¢6 trang théi oxy hoéa bang -2. Theo mot s khia canh, oxit kim loai chuyén tiép
dugc chon tir nhém bao gém silic dioxit (bao gém silica khoi, silica vé dinh hinh,
silica két tua, silica wa nudc, va silica ky nudc), titan dioxit, kém oxit, sit oxit, nhom
oxit, xeri oxit, ziriconi oxit, va két hop ciia chung; sulfua kim loai chuyén tiép duoc
chon tir catmi sulfua, molybden disulfua, vonfram sulfua, bac sulfua, kém sulfua, selen
sulfua, sit disulfua, niken sulfua, ruteni sulfua, coban sulfua, va két hop cta ching;
va/ho#c selenua kim loai chuyén tiép dugc chon tir catmi selenua, ddng selenua, dong
gerani selenua, déng indi gali selenua, déng titan selenua, indi selenua, mangan
diselenua, titan selenua, vonfram diselenua, bac selenua, dibac selenua, divang
triselenua, kém sulfua, sét selenua, niken selenua, ruteni selenua, coban selenua, va két

hop cua chung.

Viéc pha thém vonfram, cfing nhu pha thém kim loai khac, d& dugc chimg minh
13 trc ché su t4i két hop dién tich va cai thién hoat tinh quang xtc tac clia chét quang
xuc tac (Rozenberg et al., Prog Polym Sci, 2008, 33: 40-1 12). Theo mot s6 phuong 4n,
hat oxit/sulfua/selenua kim loai chuyén tiép c6 thé duoc pha thém voi kim loai thich

hop, nhu vonfram, nito, hodc ket hgp cua vonfram va nito.

Theo mot phuong 4n, oxit kim loai chuyén tiép 1a titan dioxit (TiO2). Céc hat
TiO, 6 thé thu duge tir dang khoang chat thich hop bét ky cua TiOz. Vi dy, hat TiO»
6 thé duy tri cAu tric tinh thé anatase, ciu tric tinh thé brookite, hoiic cAu trac tinh thé

rutile. Theo cac phuong an dugc uvu tién, TiO: duy tri chu trac tinh thé anatase.

Céc hat TiOz c6 thé c6 dang cAu trac thich hop bt ky. Thong thudng, hat TiO»
12 hat nano TiO» (“NP”). Hat nano TiOz c6 thé dugc tdng hop bing quy trinh thich hop
bét ky. Vi dy, hat nano TiO2 ¢ thé dugc tng hop pha 16ng hodc dugc tbng hop pha
khi. Theo cac phuong an duge wu tién, hat nano TiO> dugc tdng hop pha 16ng, do qua
trinh tong hop pha 16ng c6 xu hudng tao ra cac chét két tu mém, khién cho TiO» dé
phan tan hon. Minh hoa vé hat nano TiO; 12 hat nano TiO, dugc tbng hop pha long 25
nm, anatase dugc pha thém vonfram, co thé duoc mua tir Nanostructured &

Amorphous Materials, Inc. (Houston, TX).
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Trong mdt vi du cu thé vé viéc chitc niing hoa hat TiO2, TiO2 pha thém W, dugc
tbng hop pha 16ng (20 nm) duoc nung v6i ure & nhiét do 400°C trong 1 gio, tao ra
poly(amino-tri-s-triazin) polyme dugc gén cdng hoa tri v6i hat TiO». Tiép theo, hat
TiO2 dugc pha thém W/N duoc nghién clng vé6i ure dang bot. Vit ligu cang dugc tao
ra tir qua trinh nung duogc nghién thanh bdt sao cho nod co thé dugc dit, cung véi ure,
vao méay nghién bi kidu hanh tinh. D3c tinh nghién 12 nghién & toc d6 300 vong/phut
trong 30 phut v6i ure 10% va cic vién bi nang glp 10 lan khdi luong cia TiO2. Sau 30
phut, tréng nghién dugc lam dly ba phan tu bang 200 ml H>0 va dugc nghién 5 phit
nita d& bat va phéan tan céac hat nano TiO,. Sau d6 céc thanh phan nay dugc cho vao
cbec mo va duge tron dudi anh sang 150W UV trong 1 gio. Sau do, bot nano da phan
tan & muc cao 13 sin c6 d& dugc bd sung vao ché pham khang vi sinh vét. Quan trong
1a phdi luu y rang bdt nano duge phén tin & muic cao trong nudc, gilt n6 ¢ trang thai
nano khong két tu. Nhu vy, quy trinh chitrc ndng héa dugc md t& & day khién cho
TiO, phén tan dugc trong nudc, trong d6 TiO: thuong chi phan tan dugc trong ruou.
Viéc tao ra thé phéan tan nano 4n dinh nhu vay ma khong cin chit hoat dong bé mit c6
nghia 13 khi cc hat ndy dugc phén tén vao dung dich polyme dang cation hodc PEC,
cac hat nay s& khong bi nhiém chét hoat dong bé mit ma cb thé 1am giam khé ning cla

chung trong viéc dap Gng véi dnh séng nhin thiy.

Qua trinh nghién véi niang lugng cao cac hat TiOz dat duoc hai didu: 1) n6 loai
bo két tu bot dé tao ra cac hat nano; va 2) ure pha thém cac hat hai 14n véi nito, va cu
thé, cac mit hat mai 10 ra bat ky dugc pha thém do viéc nghién vGi ndang luong cao
phé v& cac chit két tu va khdi két tap. Thiét yéu 13, dugc tin rang viéc nghién budc
nito di vao céc 18 va bao phi cac mit chua 19 ra trude do trong qua trinh nung. Sau khi
nung véi ure va nghién véi ure, cac hat nano TiO2 duogc chiéu xa véi anh sang UV 150
watt. Khong mong mudn bi han ché & 1y thuyét bat ky, dugc tin rang viéc chiéu xa UV
cai thién dap tmg v&i nh séng nhin thdy ctia hat nano TiO2 do dua céc nhém hydroxyl
1én trén bé mit cta hat nano TiO2 nay. Diéu nay giai thich cho viéc tai sao cac hat dé
dugc phan tan trong nude. Kha ning cua cac hat nano dd duoc chirc ndng hoa trong
viéc lam thoai bién xanh metylen dugc thir nghiém, va quan sat théy réng toan b tt
ca bdn budce chirc ning hoa 1am thoai bién mot cach déng ké thudc nhudm trong vong

90 phut.
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Cudi cung sau khi nung, nghién, rira, va chiéu 4anh sang, céc hat c6 thé duoc
lam nhay thudc nhudém. Ly thuyét va thuc tién clia viéc st dung thudc nhuém dé ting
cudng tinh nhay véi 4nh séng nhin thdy cta hat oxit kim loai chuyén tiép (ching han
TiO) 1a quan trong nhét d6i v4i cong nghé “pin mat troi duge lam nhay thudc nhuém”
(DSSC). DSSC da thu hut sy chi y 16n trong nhiing ndm gin day vi chi phi tuong dbi
thip va tinh hiéu qua cao cta chung. DSSC vé ban chét 1a hé thong héa hoc dién
quang, trong d6 viéc thu énh sang dugc thyc hién bdi cac phén tu thudc nhudm duoc
hép thu trén bé mit cia cu triic nano oxit ma tao ra mang dién cuc quang. Su nhay bé
mit cia chit quang xdc tic ban din c¢6 ving cdm rong, nhu TiOz, thong qua thude
nhudm hép thu héa hoc hodc hép thu vat ly c6 thé 1am ting tinh hiéu qua cla quy trinh
kich thich va m rong khoang bude song kich thich cho hat oxit kim loai chuyén tiép
(ching han TiO). Viéc nay dién ra thong qua qua trinh kich thich chét nhay ma c6 thé
dua 156 hodc, thong thudng hon 13, electron vao hat. Viéc dua dién tich hiéu qua cao
vao dugc quan sat thdy khi 16p don cua thubc nhudm duoc phan tan trén chéit quang
xuc tac véi dién tich bé mat cao. Viéc 1am nhay nay lam gia ting pham vi dap ung
budc séng cua chit quang xdic tac, 1a quan trong dé no hoat dong dugc dudi anh sang
mt troi ty nhién. Viéc dua electron vao va tdc dd truyén electron nguoc tu thude
nhudm vao hat oxit kim loai chuyén tiép (chang han TiO) phu thudc vao ban chét ctia
phén tir thudc nhudm, céc tinh chét cta hat oxit kim loai chuyén tiép (chfmg han TiO»),
va cac tuong tac gilta thudc nhudm va hat oxit kim loai chuyén tiép. Thudc nhudm 1a
hop chat thich hop bét ky, nhu fluorescein, fluorescein isothioxyanat, Xyanin,
meroxyanin,  hemixyanin,  perylen,  xanthen, porphyrin (ching  han
tetraphenylporphyrin), phtaloxyanin (ching han ddng phtaloxyanin), polyen,
polythiophen, cumarin (chéng han NKX-2677, NKX-2587, NKX-2697, NKX-2753,
NKX-2586, hogc NKX-2311), vi thubc nhudm gdc ruteni (ching han
(BusN)2[Ru(dcbpyH)2(NCS),] (N719), (BusN)2[Ru(dcbpy)2(NCS):], cis-
di(thioxyanato)bis(Z,2'-bipyridyl-4,4'-dicarboxylat) ruteni(I) (N3), tri(thioxyanato)-
2,2' 2" -terpyridyl-4,4',4" -tricarboxylat)ruteni(II) (thudc nhudm den), K8, K9, K19, va
7907). Theo mdt phuong an cu thé cua sang ché, thudc nhudm N719 dugce st dung
bang cach tron céc hat oxit kim loai chuyén tiép dugc nung/duoc nghién/dugc chuc
nang hoéa bang 4nh séng UV (ching han TiO») trong 1 gi¢ trong bong t6i v&i hon hop
0,5mM cua thudc nhudm N719 trong etanol. Cac thudc nhudm khac cling c6 thé duoc
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stt dung. Cac hat d4 duoc chirc nang hoa dugc gan ra, ly tdm, va bo sung nguoc lai vao

nudc.

Theo phwong 4n bat ky trong s6 cac phuong 4n duge mo ta ¢ day, cac hat TiO»
duoc pha thém véi vonfram va nito va duoc thiy phan duéi anh sang cuc tim (UV).
Céc hat thu dugc 1a hat TiO2 nhay véi énh séng nhin théy ma hitu hiéu dé lam chét
khéng vi sinh vét, ddc biét 1a khi cac hat nay duoc nhing trong mang tao thanh tir ché
phim khéang vi sinh vét theo sang ché. Do do, sang ché d& cap dén phuong phap tiéu
diét vi sinh vét trén bé mit (ching han khtt tring bé miit, tao ra mang tu st tring ton
du, hodc c hai) bao gdm budc phti 1én bé mat ndy ché pham khang vi sinh vat chira (i)
hat TiO dap Gng vé6i anh sdng nhin thdy ma dugc pha thém vé6i vonfram va nito, (ii) it
nhit mot chit ting cuong bam dinh (chéng han titanat, PEI mach nhanh dugc carboxyl
héa), va (iii) chit mang. Chit ting cuong bam dinh 1a nhu duge md ta ¢ day, va chét
mang c6 thé 13, vi du nuéc, ruou, hodc két hop ctia nude va rugu, nhu duge mo ta ¢

A

day.

Khong mong mudn bi gii han béi ly thuyét cu thé bat k¥, cu tric dién tir cia
TiO; dugc dic trung bdi ving hoa tri dic va ving dan rng. Ning luong ving cAm
dugc kich thich va electron dugc thic ddy tir ving héa tri sang ving dan va cip
electron-18 dugc tao ra. L electron nay phan Gmg véi nude dé tao ra oxy hoat tinh nhu
gdc hydroxyl, doi khi dugc goi la loai oxy phan tng (ROS). L6 mang dién duong clia
TiO, phé v& phén tir nudc dé tao ra khi hydro va céc gbc hydroxyl. Electron mang dién
Am phan tng véi phén tir oxy dé tao ra anion siéu oxit (O2"). Anion siéu oxit con phan
tng v6i phén tir nude dé tao ra peroxit gbc hydroxyl (*OOH) va hydro peroxit (H20z).
Mbi *OH, Oy, *OOH, va H,0: déu c6 thé phéan mg v6i vi sinh vat gdy bénh va pha

hity cau tric t€ bao cla chung.

Ngoai ra, ban than cac 15 electron ¢ thé phan ting truc tiép véi vach té bao vi
sinh vét, mang té bao, va céc thanh phén té bao. Trong microzym va truc khuén,
coenzym A (CoA) ndi bao dugc oxy hoa boi TiOz sao cho CoA dime mét hoat tinh ctia
no, gy ngmg ho hép té bao va cubi ciing dan dén su chét vi sinh vat. Trong qua trinh
nay, su dich chuyén electron gilta té bao da bi tiéu diét va TiO2 duge cho di qua CoA.

Do d6, ham luong CoA giam di va CoA dime tang 1én.
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Ché4t nhay thudc nhuém 13 hop chit thich hop bét ky, nhu fluorescein,
fluorescein isothioxyanat, Xyanin, meroxyanin, hemixyanin, perylen, xanthen,
porphyrin (ching han tetraphenylporphyrin), phtaloxyanin (ching han dong
phtaloxyanin), polyen, polythiophen, cumarin (ching han NKX-2677, NKX-2587,
NKX-2697, NKX-2753, NKX-2586, hodic NKX-2311), va thuéc nhudm gbc ruteni
(chdng han (BusN)2[Ru(dcbpyH)2(NCS)2] (N719), (BusN)2[Ru(debpy)2(NCS)], cis-
di(thioxyanato)bis(2,2'-bipyridyl-4,4'-dicarboxylat) ruteni(I) (N3), tri(thioxyanato)-
2,2’,2”-terpyridy1-4,4',4"-tricarboxylat)ruteni(II) (thuéc nhudm den), K8, K9, K19, va
7907).

Céac hat quang xuc tac hiru co va/hodc vo co ¢o th8 bao gdm polyme lién hop
din dién. Polyme lién hop thich hgp bao gdm polypyrol (Ppy), poly(3-hexylthiophen)
(P3HT), polycarbazol, polyindol, polyazepin, polyanilin, polyfloren, polyphenylen,
polypyren,  polyazulen,  polynaphtalen, polythiophen  (Ptp),  poly(3,4-
etylendioxythiophen), ~poly(p-phenylen sulfua), polyaxetylen, poly(p-phenylen
vinylen), va két hop bit ky ctia chung. Polyme lién hop co thé dugc két hop vao
comp021t nano ma dugc thiét ké dic hidu aé phan mg vé6i 4nh sang binh thuong trong
phong dé tao ra loai oxy phan tng (ROS). ROS phé hiy sinh vét gidng bao tir kho tiéu
diét, nhu C. difficile va ndm. ROS ciing oxy héa méanh vi sinh vét, tir d6 thuc hién tiép
chtrc ning 1am sach. Theo mot phuong an cu thé, compozit nano quang xuc tac gbm c6
compozit da didm nbi chira: WTiO2/CN di hop/Ppy, trong d6 WTiO2 1a hat nano TiOz
pha thém vonfram, nhu dugc mo ta ¢ day, CN 1a graphitic cacbon nitrua (g-C3Na), va
Ppy la polypyrol.

Tir trude dén nay, hau hét cac vat liéu quang xtc tac ddu dugc thiét ké quanh
céc sulfua kim loai va oxit kim loai khac nhau thay vi polyme. Titan dioxit (TiO2) 1a
oxit kim loai dugc chon do no d& c6 san, khong d4t, bén, khong doc, va phan ung &
muc cao trong phd anh sang cyc tim (UV). Céc tc gia sing ché mong mudn 13 vuot ra
khoi y tudng st dung TiO2 do muc dich 1a dé tao ra vat liéu quang xuc tac phan ing
trong 4nh sang binh thudng trong phong. Do TiO; ¢6 ving cam rong (3-3,2 eV), nd
chi hip thu 4nh sang trong phd UV, céc loai anh sang nay khong co anh séng trong
phong. Do d6, sang ché d& cap dén compozit nano quang xuc téc dya trén polyme, tirc
13, khong st dung kim loai hodc cuc ky han ché st dung kim loai. Compozit nano nay

c6 thé it doc hon cho ngudi va mdi trudong va khong c6 dién tich anion d€ can bang
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dién tich cation khi duogc két hop trong mang tu sat tring ton du chtra polyme dang
cation, nhu dugc mo ta & ddy. Trong compozit nano dya nhiéu trén polyme, WTiOz
trong compozit da hgp WTiO2/CN di hop/Ppy dugc thay thé bing graphitic cacbon
nitrua (g-C3Ns) dugc cai bién axit hodc dugc proton héa. Viéc proton héa CN tao cho
CN mot ving cim c6 ving hoa tri va ving din kha gan vé6i TiOs. Céc tac gia sang ché
da nghién ctru phat trién mot vai k§ thuat dé tao ra CN dugc proton hda, goi 1a cacbon
nitrat dugc axit hoa (ACN), va sau do két hop chit ché CN dugc proton héa véi CN
khéc loai va polyme lién hop (nhu polypyrol (Ppy), poly(3-hexylthiophen) (P3HT),
polythiophen (Ptp), va dang twong ty), nho do tao ra compozit quang xuc tic dugc xu
ly k§ thuat dédc hi¢u dé bét anh sang trong nha ¢ mic thap. Phuong phap ndy duoc giai
thich chi tiét trong Pon chd cép bing doc quyén sing ché My s6 62/367,981 va don
chd cép bing doc quyén sang ché da nop ddng thoi cua céc tac gia sang ché, toan bo

noi dung cua ching duoc két hop & day bang cach vién dan.

Loi ich cua vét liéu mdi, gbc polyme, phan Gmg quang hoc nay bao gdm mot
hodc nhiéu loi ich sau day: (i) thu dugc dnh sang tdi da véi ving da hop tach 16p, (ii)
stt dung tdi da photon b::ing cach str dung céc vt liéu voi mép ving thich hop, tao trinh
tu td hop va Kkét hgp chit ché dé tao diéu kién van chuyén nhanh electron, va lam giam
thiéu su tai két hop electron-19, (iii) t5 hop sir dung quy trinh san xuét ¢6 chi phi thip,
dé thay dbi quy md ma khong st dung cac hoa chét c6 ddc hodc tao rac thai, va tao ra
vét liéu nano, mao quan trung binh c6 dién tich bé mit cao qua mirc ma tao ra hdn hop
phén tan 4n dinh hinh thai cta cac hat micro, nano, va tinh thé va hat hinh dia ma tdi
da hoa quang 1 cta anh sang t6i va gitr lai t4t ¢4 céc hat nano/tinh thé va hat hinh dia

“khong thay dugc”.

Hat quang xtc tac hitu co va/hodc vd co ¢o thé bao gém kim loai quy, nhu
ruteni, rodi, paladi, bac, osimi, iridi, bach kim, vang, hoac hdn hop cua ching. Theo

mot sb phuong an, kim loai quy 1a bach kim.

Pudng kinh trung binh cta hat hitu co va/hodc vd co ¢6 hoat tinh quang xdc tac
trong 4nh séng nhin thiy khong bi gi¢i han cu thé va c6 thé ndm trong khoang tir 5 nm
dén 1.000 nm. Hat hitu co va/hodc vo co ¢6 thé c6 duong kinh trung binh bang 1.000
nm hodc thép hon, vi dy, 750 nm hodc thép hon, 500 nm hodc thép hon, 250 nm hodc
thép hon, hodc 100 nm hodc thép hon. Theo cich khéac, hodic ngoai ra, hat hitu co

va/hodc vo co co thé c6 dudng kinh trung binh b%lng 5 nm hodc cao hon, vi dy, 10 nm
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hodc cao hon, hodc 15 nm hodc cao hon. Nhu vay, hat quang xtc tac hitu co va/hodc
vd co ¢6 thé c6 duong kinh trung binh bi gidi han béi hai trong sé cac diém cubi da
néu bat ky. Vi du, hat quang xtic tac hiru co va/hodc vd co co thé c6 duong kinh trung
binh nam trong khoang tir 5 nm dén 1.000 nm, ndm trong khoang tir 5 nm dén 750 nm,
nam trong khoang tir 5 nm dén 500 nm, ndm trong khoang tr 5 nm dén 250 nm, nam
trong khodng tir 5 nm dén 100 nm, nim trong khoang tr 10 nm dén 100 nm, hodc nam

trong khoang tir 15 nm dén 100 nm.

Ché phdm khéng vi sinh vét co thé chira lugng thich hop bét ky ciia hat quang
xtic tac hitu co va/hodc vo co dé tao ra mang ty sat tring tdn du. Ché pham khang vi
sinh vat c6 thé chira hat quang xuc téc hitu co va/hodc vo co voi lugng 1% khéi lugng
dua trén monome (“wbm™) clia monome cation, hodc cao hon, vi du, 1,5% wbm hogc
cao hon, 2% wbm hoic cao hon, 2,5% wbm hodc cao hon, 3% wbm hodc cao hon, 4%
wbm hodc cao hon, hodc 5% wbm hodc cao hon. Theo cach khéc, hodc ngoai ra, ché
phém khang vi sinh vét co thé chira hat hitu co va/hodc vd co véi lugng 20% wbm
hodc thép hon cta polyme dang cation, hodc tha‘ip hon, vi du, 18% wbm hodc thép hon,
15% wbm hoac thép hon, 12% wbm hodc the"lp hon, 10% wbm, 9% wbm hodc thép
hon, 8% wbm hodc thép hon, 7% wbm hodc thép hon, 6% wbm hodc thép hon, hodc
5% wbm hodc thép hon. Nhu vay, ché phém khang vi sinh vt co thé chira hat hiru co
va/hodic vO co v6i lugng bi giéi han bai hai trong sé cac diém cudi da néu bat ky. Vi
du, ché phém khang vi sinh vat co thé chira hat hitu co va/hodc vd co v6i lugng nam
trong khoang tir 1% wbm dén 20% wbm ctia monome cation, vi du, ndm trong khoang
tir 1% wbm dén 15% wbm, nim trong khoéng tir 1% wbm dén 10% wbm, nim trong
khoang tir 1% wbm dén 7% wbm, nidm trong khoang tir 1% wbm dén 6% wbm, nim
trong khoang tir 1% wbm dén 5% wbm, nam trong khoang tir 4% wbm dén 20% wbm,
nam trong khoang tir 5% wbm dén 15% wbm, nam trong khoang tir 4% wbm dén 8%

wbm, hodc nim trong khoang tir 5% wbm dén 8% wbm.

Theo mdt khia canh cia sang ché, ché phdm khéng vi sinh vt chira it nhét mot
hat hitu co va/hodc vd co c6 hoat tinh quang xuc tac trong anh sang nhin thdy, it nhit
mot chét ting cudng bam dinh, va chit mang. Hat quang xuc tac hitu co va vo co, chét
ting cudong bam dinh, va chét mang da duge mo ta & ddy. Mang dugc tao thanh tir ché
phAm khéng vi sinh vét chira hat quang xic tac tiéu diét vi sinh vét trong cac diéu kién

ctia phuong phép da bién dbi dbi véi JIS Z 2801 (phién ban 2006, duge cap nhat vao
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nam 2010). Vi du, ché phém khang vi sinh vat chura it nhat mot hat hitru co va/hoic vod
co ¢6 hoat tinh quang x{c tac trong 4nh sang nhin thdy tidu diét it nhat 90% (ching
han it nhét 92%, it nhit 94%, it nhit 96%, it nhAt 97%, it nhét 98%, it nhit 99%) cilia
log 4 quan thé vi khudn Clostridium difficile, nAm, hodc nidm men trong vong 24 gid
tiép xtc. Nhu vy, ché phadm c6 thé dugc sit dung theo phuong phap bat ky trong sb

cac phuong phap duge md ta & day dé tiéu diét vi sinh vat trén bé miit.

Theo mdt s& phuong an, ché phdm khang vi sinh vét chira mubi, mudi ndy co
thé anh hudng dén kha ning cta polyme dang cation trong vigc hép thu 1én bé& mit clia
nén va tao ra mang. Khong mong mubn bi han ché & ly thuyét bat ky, duoc tin ring
ndng d6 mudi cao gy ra cic tinh trang tuong tu voi cac tuong tac polyme trai qua
trong dung moi uu tién. Chét da dién phan, trong khi tich dién, chu yéu van khong
phan cyc v6i mach chinh cacbon. Méc du cac dién tich trén mach chinh polyme gy ra
lyc tinh dién didu khién polyme vao cdu dang mé& nhidu hon va 1éng hon, néu dung
dich bao quanh c6 ndng d6 mubi cao, thi luc day dién tich s& bi can. Khi di¢n tich nay
bi can, chét da dién phan s& hoat dong nhu polyme khong phén cuc bét ky khac hoat
dong trong dung dich ¢6 ndng do ion cao va bét dau giam thiéu cac twong tac voi dung
moi, diéu nay co thé dan dén viéc polyme két khéi va dic léng dong nhidu hon trén bé

mit va cai thién su hép thu hodc bam dinh.

Mubi néu trén 12 mubi vo co bét ky, nhu mudi bat ky chira cation cua kim loai
nhom 1 (lithi, natri, kali, rubidi, hodc xesi), kim loai nhom II (berili, magie, canxi,
stronti, hodc bari), amoni, hogc nhém. Anion trai ddu co thé 1a halogenua, cacbonat,
bicacbonat, sulfat, thiosulfat, phosphat, nitrat, nitrit, axetat, bromat, clorat, iodat, v.v..
Céc vi du cu thé v& mudi bao gdm lithi bromua, lithi clorua, lithi iodat, lithi iodua, lithi
hydroxit, lithi sulfat, lithi phosphat, natri bromua, natri clorua, natri axetat, natri
bicacbonat, natri bisulfat, natri bromat, natri clorat, natri hydrosulfua, natri hydroxit,
natri hypophosphit, natri iodat, natri iodua, kali axetat, kali bicacbonat, kali bromat,
kali bromua, kali clorua, kali cacbonat, kali clorat, kali hydroxit, kali iodua, kali
phosphat, kali thiosulfat, rubidi bromua, rubidi clorua, rubidi florua, rubidi iodua,
rubidi nitrat, rubidi sulfat, xesi bromua, xesi clorua, xesi cacbonat, xesi nitrat, berili
nitrat, berili sulfat, magie axetat, magie bromua, magie clorua, magie iodat, magie
jodua, magie nitrat, magie phosphat, magie sulfat, canxi axetat, canxi bromua, canxi

clorua, canxi iodua, canxi iodat, canxi nitrit, canxi nitrat, canxi phosphat, canxi sulfat,
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stronti bromua, stronti clorua, stronti hydro phosphat, stronti iodua, stronti nitrat,
stronti sulfat, bari axetat, bari bromua, bari clorua, bari iodua, bari nitrat, bari
phosphat, bari sulfat, bari thiosulfat, amoni axetat, amoni bicacbonat, amoni bromua,
amoni clorua, amoni nitrat, nhdm clorua, nhom phosphat, va két hop bit ky clia chiing.
Theo mdt sb phuong én, mudi néu trén 1a mudi halogenua nhém I, nhu natri clorua

hogc kali clorua.

Ché phdm khéng vi sinh vét c6 thé chtra lvong thich hop bét ky ciia mudi, nhu
fir 0,01 M dén 0,1 M, bao gdm két hop bét ky clia cac diém cudi o, vi du 0,01 M, 0,02
M, 0,03 M. 0,04 M, 0,05 M, 0,06 M, 0,07 M, 0,08 M, 0,09 M, va 0,1 M. Trong mot vi
du cu thé, ché pham khang vi sinh vat chira mudi v6i lugng tir 0,01 M dén 0,05 M.

Néu mudn, polyme dang cation c6 thé duge tron véi mot hodc nhidu polyme
khong phai chét dién phan (khong ion). Polyme khong phai chét dién phan (khdng ion)
thich hop t6t hon 13 tan trong nudc va bao gdm, vi du, polyacrylamit, polyamin,
polyamidoamin, polyetylen glycol, polyvinyl pyrolidon, rugu polyvinylic, va
polyacrylat (ching han poly(metyl)metacrylat), hodc két hop bét ky cia ching.

Ché phdm khéng vi sinh vét chira chit mang. Chét mang c6 thé 13 chit mang
thich hop bat ky bay hoi khi ché phdm dugc phu 1én bé mit mong mubn. Nhin chung,
chit mang dugc chon tir rugu, nudc, hodc két hop ctia ching. Theo mot sd phuong 4n,
chit mang ndy bao gdm hdn hop clia nude va rugu. Rugu thich hop bao gdbm metanol,
etanol, n-propanol, iso-propanol, n-butanol, sec-butanol, va #-butanol, hodc két hop
cta chung. Theo cac phuong an dugc uu tién, chit mang bao gbm etanol (ching han
chit mang 1a két hop ctia etanol va nudc). Khi két hop ctia rugu va nude duge st dung
lam chit mang, ty 1& cta rugu:nudc t6t hon 12 ndm trong khoang tir 10:90 dén 99:1
(chéng han 10:90, 20:80, 30:70, 40:60, 50:50, 60:40, 70:30, 80:20, 90:10, 95:5, va

99:1). Theo mdt s6 phuong 4n, ty 1€ rugu:nudce nam trong khoang tir 70:30 dén 80:20.

Nhin chung, ché pham khéng vi sinh vét khong chira hop chét diét khudn phan
tir nho (tre 13, khoéng phai polyme) hodc kim loai khang vi sinh vat, bao gdm céc chét
diét khudn thong thuong dugc dang ky boi EPA, do cac thanh phan nhu vay c6 tac
dong vat liéu dén ché phdm. Chét diét khuan dugc EPA phé duyét c6 thé bi loai khoéi
ché phém bao g?)m, vi du, glutaral, halazon, hexaclophen, nitrofurazon, nitromersol,

povidon-iot, thimerosol, Ci-Cs-paraben, mubi hypoclorit, clofucarban, clorophen,
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poloxame iot, phenolic, mafenua axetat, aminacrin hydroclorua, mudi amoni bac bén,
oxyclorosen, metabromsalan, merbromin, dibromsalan, glyxeryl laurat, natri va/hodc
kém pyrithion, (dodexyl)(dietylendiamin)glyxin, (dodexyl)(aminopropyl)glyxin, hop
chét phenolic, (chéng han m-cresol, o-cresol, p-cresol, o-phenyl-phenol, 4-clo-m-
cresol, cloroxylenol, 6-n-amyl-m-cresol, resorxinol, resorxinol monoaxetat, p-tert-
butylphenol va o-benzyl-p-clorophenol), glutaraldehyt kidm, va mudi amoni bac bdn
(ching han mubdi amoni bac bdn N-(bic cao) Cio-Cas-alkyl-N-benzyl chira cac anion
hoa tan trong nudc nhu halogenua, vi du clorua, bromua va iodua; sulfat, va
methosulfat, va cac imit di vong nhu mubi imidazolini). Hop chat amoni bac bdn thich
hop dugc md ta trong Patent My 8,067,403 va bao gbdm: benzalkoni clorua (ching han
benzalkoni clorua), benzalkoni clorua dugc thé (ching han alkyl dimetyl benzyl amoni
clorua), hop chdt amoni béc bbén kép (ching han chua hdn hop tuwong duong cua
alkyldimetyl benzyl amoni clorua va alkyl dimetyl etylbenzyl amoni clorua), hop chét
amoni bac bdén chudi d6i hodc kép, nhu dialkylmetyl amin (chang han didexyl dimetyl
amoni clorua hodc dioctyldimetyl amoni clorua), va hdn hop cua hop chét amoni bac
bén thé hé thir tu voi hop chit amoni bac bén thé hé thtr hai (ching han didexyl
dimetyl amoni clorua v6i alkyl dimetyl benzyl amoni clorua). Theo mdt phuong an,
chit diét khun 13 it nhat mdt thanh vién dugc chon tir nhém bao gbm natri hypoclorit,
clorua, clo dioxit, natri clorua, kali persulfat, kali permanganat, bac nitrat, clodexidin,
hexaclophen, hydro peroxit, axit axetic, axit peraxetic, betadin, povidon iot,
formaldehyt, glutaraldehyt, benzalkoni clorua, triclosan, axit boric, phenol, axit

cresylic, thymol, va polyhexametylbiguanua.

Tuy nhién, néu mubn, mdt hodc nhiéu chét diét khuédn héa hoc bd sung, nhu cac
chit dugc mo ta trén déy, co thé duge bd sung vao phuong an bét ky trong sb cac
phuong an néu trén cla ché phidm khang vi sinh vét. Lwa chon nay tao ra co ché tidu
diét hoa hoc bd sung dé tang cudng hon nita hoat tinh khéng vi sinh vét clia ché phim
khang vi sinh vat. Khi mot hodc nhidu chét diét khudn duoc két hop vao ché phém
khéang vi sinh vét, cac chét nay dugc giit trong mang tu sat trung tdn du khang vi sinh
vat va duoc giai phong tang dan khi b& mit duge phi bét dAu tiép xtc véi hoi 4m. Khi
mang dugc cho tiép xtc véi luong nude 16n hon, nhu khi bé mit duoc tao 4m do lau
chui, do thtrc an con thira, hodc nude rira bat, viéc nay co thé din dén viéc giai phong

chét sat khuln vé6i lugng gia ting. Nhu véy, quan trong la bét ké nao chét diét khuin
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dugc st dung, cic chat ndy phai khong ddc v6i ngudi, cling nhu chung khong nén tao
ra mang dinh, mo hodc theo cach bét ky 1am gidm chét lugng hinh thirc bén ngoai cua
bé mit ma chiing dugc phu 1én. Chét diét khuén thuong duge bd sung vao & cac ndng
d6 thap hon. Do do, cac chéit phu gia nay tot hon 1 chira polyme dang cation véi

luong nam trong khoang tir 0,001% dén 5% khdi luong dua trén monome (“wbm”).

Theo mdt s phuong é4n, ché phim khang vi sinh vét chu yéu chira hoic bao
gdm polydialydimetylamoni halogenua, polyme gbc polyetylenimin, polyme dang
anion, it nhat mot chét ting cuong bam dinh (chéng han titanat, PEI mach nhénh duoc
carboxyl hoa), tity ¥ hat hitu co va/hogc vo co ¢6 hoat tinh quang xtic tac trong anh
sang nhin thdy, va chit mang, timg thanh phén cia ché phim nay déu dugc mo ta &
day. Theo mot sb khia canh cuia phuong an nay, hat hitu co va/hodc v co ¢6 hoat tinh
quang xuc tdc trong anh sing nhin thiy c6 mit trong ché phdm. Theo mot s6 phuong
4n, ché phidm khéng vi sinh vat chu yéu chira hodc chira polydialydimetylamoni
halogenua, polyme gbc polyetylenimin, it nhit mot chat ting cuong bam dinh, tiy ¥
polyme dang anion, tiy y hat hitu co va/hodc vd co ¢ hoat tinh quang xuc tac trong
anh sang nhin thiy, va chit mang, ting thanh phan ctia ché pham nay déu dugc mo ta
& day. Theo mot sb phuong an, ché phém khéng vi sinh vat chu yéu chtra hodc chtra
polydialydimetylamoni halogenua, it nhét mot cht ting cudng bam dinh (chang han
titanat, PEI mach nhanh dugc carboxyl hoa), hat hitu co va/hodc vd co cd hoat tinh
quang xuc tac trong dnh sang nhin thiy, va chit mang, tng thanh phan ctia ché phdm

nay déu dugc mo ta & day.

Mot khia canh khac cla sing ché 1a ché phim khang vi sinh vat chira polyme
gbc polyetylenimin, tiy y polyme dang cation th hai dugc chon tir mubi
polydialyldialkylamonti, poly(acrylamit-co-dialyldialkylamoni halogenua), chitosan,
hozc két hop clia chung, tiy ¥ polyaxit, thy ¥ it nhét mot chit ting cudong bam dinh, va
chit mang. Polyme gbc polyetylenimin thuong la polyetylenimin (PEI) mach thing
hodc mach nhanh, nhu dugc md ta & day, nhung tét hon néu 1a PEI mach théng khong
duogc cai bién hoa hoc hodc cAu truic. |

Trong mot sé trudong hop, polyme dang cation thi hai khong c6 mit. Trong cac
trudomg hop khac, polyme dang cation thi hai 12 mudi polydialyldialkylamoni ma 1a
polydialyldimetylamoni halogenua (chéng han polydialyldimetylamoni clorua va/hodc

polydialyldimetylamoni florua). Theo mot phwong én, polyme dang cation thir hai la
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poly(acrylamit-co-dialyldialkylamoni halogenua), nhu poly(acrylamit-co-
dialyldimetylamoni clorua). Theo cac phuong 4n khac, polyme dang cation thir hai la

chitosan.
Polyaxit va it nhit mot chét ting cudng bam dinh 1& nhu duge md ta & day.

Chéit mang dugc st dung trong ché pham 1a chit mang thich hop bét ky, nhu
dugc md ta & ddy (ching han nuée, propanol, iso-propanol, va/hodc etanol). Thong
thuong, ché phim s& chira hdn hop 20% dén 80% theo thé tich ciia cac hdn hgp rugu
khac nhau c6 su cin bing tao thanh cung nuéc. Dé gia ting tac dung diét virut, hdn
3% va 10% cac hdn hop khac nhau cta diol, t6t hon 1a cac diol c6 d6 dai chudi 1a tir 3
dén 5 nguyén tir cacbon, nhu propandiol (1,2-propandiol va 1,3-propandiol) hodc
butandiol (1,3-butandiol), c6 thé duoc bd sung vao ché pham. Tt hon néu diol 13 1,2-

propandiol va/hodc rugu la etanol.

Chét cho proton c6 thé duge bd sung vao ché phim v6i lugng thich hop (ching
han nim trong khoang tir 0,015 dén khoang 1 phan trim tdng khdi lugng clia rugu, bao
gbm nam trong khoéng tir 0,05 dén khoang 1 phan tram, nam trong khoang tir 0,08 dén
khoang 0,8 phan tram, nam trong khoang tir 0,1 dén khoang 0,8 phan tram). Chét cho
proton 1a hop chét thich hop bét ky, nhu axit clohydric, axit nitric, axit phosphoric, axit
phosphonic, axit boric, axit sulfuric, axit adipic, axit benzen 1,3,5 tricarboxylic, axit
clorosuxinic, cholinclorua, axit cis-aconitic, axit Xitramalic, axit xitric, axit xyclobutan
1,1,3,3 tetracarboxylic, axit xyclohexan 1,2,4,5 tetracarboxylic, axit xyclopentan
1,2,3,4 tetracarboxylic, axit diglycolic, axit fumaric, axit glutamic, axit glutaric, axit
glyoxylic, axit isoxitric, axit ketomalonic, axit lactic, axit maleic, axit malic, axit
malonic, axit nitrilotriaxetic, axit oxalaxetic, axit oxalic, axit phytic, axit p-
toluensulfonic, axit salixylic, axit suxinic, axit tartaric, axit tartronic, axit
tetrahydrofuran 2,3,4,5 tetracarboxylic, axit tricarbalylic, axit versen, axit 3-
hydroxyglutaric, 2-hydroxypropan, axit 1,3 dicarboxylic, axit glyxeric, axit furan 2,5
dicarboxylic, axit 3,4-dihydroxyfuran-2,5 dicarboxylic, axit 3,4-
dihydroxytetrahydrofuran-2,5-dicarboxylic, axit 2-oxo-glutaric, axit dl-glyxeric, axit
2,5 furan-dicarboxylic, hodc cac hdn hop cua ching. Tét hon 1a chét cho proton 12 axit
xitric, axit tartaric, axit malonic, va/hodc axit malic. Tét hon 13, chét cho proton 1a axit

xitric.
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Néu mudn, ché phém nay co thé chira cac thanh phz“m khac bao gém, vi du,
propylen glycol, chét 1am dic (ching han axit polyacrylic), chét tao 4m (chéng han
glyxerin, 16 hoi), tinh du (chéng han dau cdy che), dich chiét hoa qua, huong thom
(chdng han carbome, aminometyl propanol, isopropyl myristat, tocopheryl axetat),
va/hodc thubc nhudm (ching han xanh 1, d6 33, vang 5). Tuy thudc vao chit mang,
polyme dugc sir dung, va sy c6 mdt cua cac thanh phin bd sung, ché pham c6 thé &

dang bao ché mong mudn bit ky, bao gbm chét 16ng, kem, gel, hodc bot.

Trong mot vi du cu thé, ché phdm nay chira PEI mach thing khong bién dbi vé
mit héa hoc, polyDADMAC, tuy y axit xitric, PEI mach nhanh dugc carboxyl hoa, va

chat mang nudc/ruou.

Theo mdt phuong an, polyme gbc polyetylenimin va polyme dang cation thr
hai tao ra hdn hop tinh thé d& tron 14n ma tao ra thé phén tan bn dinh trong chat mang.
Hdn hop dé tron 13n tao ra dung dich tinh thd trong sudt 4n dinh, tirc 13, tir d6 khong c6
két tha hogc ling dong. Hon hop dé tron 13n khic voi PEC. Ngoai ra, khong mong
muén bj han ché & 1y thuyét bat ky, dugc tin rang ban chit tinh thé cta polyme trong
hdn hop c6 dién tich bé mit 16n hon va c6 kha ning tao ra bé mit chung nhiéu hon
gitta polyme dang cation va mam bénh vi sinh vat, ca hai déu trong dung dich va dudi

dang mang.

H3n hop tinh thé d& tron 1n c6 thé duge didu ché bang phuong phép thich hop
bét ky. Trong mot vi du cu thé, hén hop dé tron 14n ctia PEI mach thing khong bién
ddi vé& mat héa hoc va cac polyme dang cation khac c6 thé duge didu ché nhu sau. Mot
lugng thich hop cua thé phan tan nudc/PEI (ching han khoang 4000 ppm PEI) dugc
gia nhiét dén nhiét d6 cao hon mdt chut so v6i nhiét d6 chuyén thay tinh cta PEI
(chang han cao hon it nhat 1°C so vé6i nhiét do chuyén 'thﬁy tinh, cao hon it nhét
khoang 2°C so v6i nhiét @6 chuyén thiy tinh, cao hon it nhit khoang 3°C so v6i nhiét
d6 chuyén thity tinh, cao hon it nhat khoang 4°C so v6i nhi¢t do chuyén thiy tinh, cao
hon it nhét khoang 5°C so v6i nhiét do chuyén thiy tinh; bao gbm nhiét do nam trong
Khoang tir 65 dén 80°C hogc tir 68 dén 78°C hogc tir 70 dén 75°C hodc khoang 70°C,
khoang 72°C, hodc khoang 74°C). Tiép theo, mot luong thich hop cia dung dich
polyme dang cation thir hai (chang han polyDADMAC) ¢6 d% pH thip hon (ching han
do pH bang khoang 5 dén 6, bao gdbm d pH bang khoang 5, d6 pH bang khoang 5.5,
hodc do pH bang khoang 6), dugc bd sung. Do pH thap hon nay con hd trg dam bao
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rang PEI s& van & trang thai dung dich. Sau khi trén manh, dung dich dugc lam mat
xubng nhiét d6 trong phong. Tiép theo, mdt lugng thich hop (ching han nim trong
khoéng tir 25 dn 100 ppm) ctia chét ting cuong bam dinh (chang han PEI mach nhénh
dugc carboxyl hoa) dugc bd sung vao. PEI mach nhanh dugc carboxyl hoa c6 tinh
bazo rét cao, s& 1am ting do pH cua dung dich. P pH nén duge diéu chinh lai thanh
6,5 nho @6 PEI mach thing khong héa ran. Tiép theo, dung dich nay dugc gia nhiét lai
dén nhiét @0 cao hon mdt chit so véi nhiét do chuyén thay tinh ctua PEI (ching han
cao hon it nhét 1°C so v6i nhiét d6 chuyén thiy tinh, cao hon it nhét khoang 2°C so véi
nhiét do chuyén thily tinh, cao hon it nhét khoang 3°C so véi nhiét do chuyén thiy
tinh, cao hon it nhit khoang 4°C so v6i nhiét do chuyén thiy tinh, cao hon it nhét
khoang 5°C so v6i nhiét do chuyén thiy tinh; bao gbm nhiét do nam trong khoang tir
65 dén 80°C hoic tir 68 dén 78°C hodc tir 70 dén 75°C hodc khoang 72°, hodc khoéng
75°C). Trong khi khudy manh hdn hop, mét lugng thich hop cla rugu duge phun mu
vao d6. Hon hop tiép tuc dugc khudy trong khi 1am mat xubng nhiét do trong phong.
Dung dich & nhiét do trong phong sau d6 duoc khudy thém 24 gid nita.

Ché phim chira PEI c6 thé c6 mdt hogc nhidu dge tinh diét vi khuan, diét virut,
va/hodc diét mam bénh va c6 thé, néu mudn, dugc st dung lam ché phém khang vi
sinh vat, cu thé 1am chit sat tring tay, phu hop vé6i cac thu nghiém, nén, va/hoic
phuong phap dugc md ta & day. Do do, sang ché d& xuét phuong phap khir tring bé
mit bao gdm budc phu 1én bé mat nay ché pham chtta polyme gbc polyetylenimin, tiry
y polyme dang cation thtt hai dugc chon tur mudi polydialyldialkylamoni,
poly(acrylamit-co-dialyldialkylamoni halogenua), chitosan, hodc két hop ctia ching,
tuy y polyaxit, tuy y it nhét mot chét ting cuong bam dinh, va chit mang. Theo mdt
khia canh cua phuong phép nay, ché pham chtra PEI mach thang, khong dugc bién dbi
héa hoc, tuy y polyaxit, va chit mang bao gbm nudc va rugu dugce st dung lam chét

st tring tay ma dic biét hiéu qua khang céc virut khong ¢6 vO ngoai.

Do PEI mach théng nhay pH va nhiét d9, cac ky thudt déc biét dugc phat trién
dé tao ra hdn hop chit sat tring tay n dinh, trong sudt, khong dinh chira thé phan tan
dang keo chta PEI mach thang. Trong mot vi du cu thé, phuong phap bao ché ché
pham sat trung tay bao gdm cac budc sau: & nhiét do trong phong, mot lurong thich
hop ctia PEI mach thing trong nudc dugce khudy manh dé tao ra thé phan tan PEL
Trong khi khudy manh, PEI trong thé phén tan sau d6 dugc proton hoa bang axit thich
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hgp, nho d6 tao ra d§ pH bang 6 va thu dugc chét 1ong trong. Chét 16ng trong ndy sau
do6 duogc chuyén qua nhiét do cao hon mdt chit so véi nhiét do chuyén thiy tinh cua
PEI (ching han cao hon it nhét 1°C so véi nhiét 6 chuyén thiy tinh, cao hon it nhét
khoang 2°C so véi nhiét o chuyén thiy tinh, cao hon it nhét khoang 3°C so v6i nhiét
d6 chuyén thiy tinh, cao hon it nhét khoang 4°C so véi nhiét do chuyén thity tinh, cao
hon it nhat khoang 5°C so v6i nhiét do chuyén thity tinh; bao gbm nhiét do nim trong
khoang tir 65 dén 80°C hoiic tir 68 dén 78°C hofic tir 70 dén 75°C hodc khoang 70°C,
khoéng 72°C, hoic khoéng 74°C). Mdt luong thich hop cia rugu sau d6 dugc phun mu
vao d6 d& duy tri nhiét d cta chit 1ong trong & nhiét o khoang 65°C. Hon hop chit
sat trung tay trong sudt dugc giam nhiét dé tranh hién tugng rugu bay hoi qua muc va
sau d6 duge khudy trong mot vai gior (ching han it nhét 2 gio, it nhét 3 gio, it nhit 4
gidy, hodc it nhét 5 gid) trong khi duge déy kin.
Ché phdm khang vi sinh vt theo séng ché dap tng hodc vugt qua it nhét mot
trong céc thir nghiém khang vi sinh vat sau:
(i) thir nghiém phun sat tring theo ASTM E1153 dap ung y€u ciu ciia EPA
vé murc do giam log 3 dbi voi virut va mic do giam log 5 b1 v6i vi khuén,
(ii) thr nghiém hdn dich theo ASTM E1052-96 (2002) hogc ASTM E2315
(2016),
(iii) mang dugc tao thanh tir ché pham tiéu diét
(iii-a) it nhét 95% cta log 5 quan thé vi khudn gram duong hodc gram
am trong 30 phut,
(iii-b) it nhét 95% cua log 4 quan thé virut ¢6 vé ngoai trong vong 30
phut tiép xuc,
(iii-c) it nhét 95% virut khong c6 vo ngoai trong vong 30 phut tiép xuc,
va/hoac
(iii-d) it nhét 94% cuta log 4 quin thé vi khuan Clostridium difficile
trong vong 24 gio tiép xuc,

phit hop véi thir nghi¢m JIS Z 2801 (2006) vé hoat tinh khang vi sinh vét, hoac phién

ban bién ddi cta thir nghiém nay nhu duge md ta & day,
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(iv) mang dugc tao thanh tir ché phém co gié tri bang 2 hoic thép hon theo
thir nghiém 49 gay doc té bao in vitro cia TH chirc tiéu chudn héa Quéc té

(ISO) 10993-5,

(v) thir nghiém do bén dugc chon tir (v-a) mang dugc tao thanh tur ché phdm
tidu diét it nhat 99,9% vi khuin gram duong va vi khuin gram am theo thir
nghiém hoat tinh ty sat trung tdn du theo phuong phap EPA # 01-1A, hodc
(v-b) doi 7 ngay sau khi tao ra mang, mang dugc tao thanh tir ché phim nay
tidu diét it nhat 95% vi khuin gram duong va vi khuén gram am, hodc virut
c6 v6 ngoai va virut khong c6 v ngoai theo phién ban bién dbi cua thtr
nghiém hoat tinh ty sat trung tdn du theo phuong phéap # 01-1A, nhu dugc
mo ta & day.

Thit nghiém (i) d& cap dén ASTM E1153, toan bg ndi dung cua thir nghiém nay
dugc dua vao bang cach vién dan, 13 thir nghiém phun sat trung (tc 1a, yéu cau “tidu
diét ngay”) dugc su dung dé danh gia hiéu qua khang vi sinh vét cua ché phim chét sat
trung-lam sach mot budc dugc khuyén cdo dé st dung trén bé mit hoi dinh d4t ban,
khong séng, khong x8p, khong tiép xtic v6i thirc &n. Trong ASTM E1153 (phién ban
cudi ciing nim 2014), hiéu qua khang vi sinh vét cua chét sat tring dugc thir nghiém
trén cac bé mit duge 1am sach tir truée, khong sbng, cimg, khong x0p, khong tiép xtc
v6i thitc dn khang Staphylococcus aureus, Klebsiella pneumoniae, Enterobacter

aerogenes, hodc két hop clia ching.

Céc két qua cua thir nghiém phun sat trung 1ién quan dén ché phim hdn hop dé
tron 1an theo sang ché dugc néu trong Bang 3 cung voi su so sanh vdi ba san phim c¢6
ban trén thi truong. Thir nghiém phun sét trung MS2, MRSA, va E. coli dugc thuc
hién v6i hai ché phim polyme dang cation. Ché phdm A 1a hdn hop d& tron 13n bao
gbm 3000 ppm PEI mach thing, khong dugc bién d6i héa hoc, 3000 ppm
polyDADMAC, 25 ppm PEI mach nhanh dugc carboxyl hoa, 35% etanol, va luong
can bing trong nuéc. Ché phim B 1a hdn hop dé tron 13n bao gdm 200 ppm PEI mach
thing khong duoc bién dbi héa hoc, 200 ppm polyDADMAC, 25 ppm PEI mach
nhanh duge carboxyl héa, 70% etanol, va luong cén bing trong nude (dd pH hoat

dong 1a khoang 7,6).
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Béang 3
Ché phim khang
Chi ¢6 chit khir tring v S“fh vat tAheo
sang che
A | B
OPTI-CIDE ASEPTICARE e 2
Tén san pham 3™ EQVI\I/ICIDEI ™TB +1I Th(.y} gtan ae
(Biotrol) (Metrex) | geolab) tiéu dict
Thanh phén hoat Dbién tich ruou-
tinh Ruou-Quat Ruogu-Quat Rugu-Quat Polyme
Virut khong c6 vé ngoai
MS2 (dai dién
cho virut khong
t‘;ﬁ;ﬂ‘;ﬁi‘;ﬁ?n‘o Khéng Khong 6 phit 2 phtt | 5 pht
phong su lay
nhiém 99,99%
Vi khuan gram dwong
MRSA - thir 30 g1y
nghiém mo . . , . (voi
phong su 14y 2 phut 1 phut 6 phut 2 phut lumég’
e " aao nap dat
nhiém 99,999% 4 5%))
Vi khuéin gram im '

E. Coli — thix 3(2 gidy
nghiém mo . , , . Vol
phong su 14y 2 phut 1 phut 6 phut 2 phut 1ug1(1ig

e " ago nap dat
nhiém 99,999% 13 5%))

Céac két qua trong Bang 3 cho thdy ring ché phdm B chta 400 ppm polyme
dang cation va vuot qua thir nghiém phun sat trung MS2 trong vong 5 phut tiép xuc,
didu nay 1a dang chu ¥ do tiéu chuan t6i da ciia EPA tinh theo ppm dbi v6i hop chét
amoni bac bdn theo ASTM E1153 1a 400 ppm. Ngoai ra, hiéu qua khang vi sinh vét
ciia mdt s6 hop chit amoni bac bén bi giam mot cach dang ké do dét hodc lugng nap
hitu co. Nhu dugc thdy trong Bang 3, ché phim B ciing ¢6 hiéu qua cao khang cac thu
nghiém phun MRSA va E. Coli (ASTM E1153) khi ¢6 mét lugng nap dat 12 5%.

Thir nghiém (ii) 1a thir nghiém hdn dich theo ASTM E1052-96 (2002) hogc
ASTM E2315 (2016) dé x4c dinh hiéu qua cla dung dich khang vi sinh vét duéi dang
huyén phu khang céc virut cu thé, nhu virut adeno, virut corona, virut cim, virut rhino,
va virut rota. Phin phan udc cia chét thir nghiém dugc cly bang virut thir nghiém va

duoc giit trong thoi gian tiép xtc duge yéu cau. (G mbi khoang thoi gian tiép xuc duge
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xéc dinh trude, phan phan ude dugce loai bo, duge trung hoa bang cach pha lodng ting
bac, va dugc thtr nghiém vé kha nang iy nhiém cua virut bang phuong phép thi
nghiém ddc hi¢u d6i voi virut thr nghiém. Virut thich hop, tc dung gy doc té bao cla
chét thir nghiém, va d6i chung trung hoa dugc chay dong thoi. Phan trim va mic giam
tinh theo log d6i vé6i kha ning lay nhidm cta virut dugc tinh toan so véi ddi chimg
virut twong tmg. ASTM E1052-96 (2002) va ASTM E2315 (2016) 1a thich hop nhét
cho ché phim khang vi sinh vt la huyén phii, nhu ché phim sat tring tay.

P6i véi thir nghiém (iii), kha nang cia mang dugc tao thanh tir ché phém khang
vi sinh vat trong viéc ti€u diét vi khuén gram duong va vi khuén gram am va virut c6
v6 ngoai, virut khdng ¢6 vo ngoai, va’hodc vi khudn Clostridium difficile c6 thé dugc
thit nghiém theo céc didu kién dugc néu trong JIS Z 2801 (phién ban 2006, cap nhat
vao ndm 2010), da dugc biét dén 1a thir nghiém theo tiéu chuén cong nghiép Nhat Ban
v& hiéu qué va hoat tinh khang vi sinh vt trong cdc san phim khang vi sinh vat, toan
b0 ndi dung cuia thir nghiém nay dugc dua vao béng céach vién dan. Cu thé, theo JIS Z
2801 (2006) hodc phién ban bién déi cta né, nhu duge mé ta ¢ ddy, mang dugc tao
thanh tir ché pham khéng vi sinh vt theo sang ché tiéu diét: (iii-a) it nhit 95% ctia log
5 quan thé vi khuén gram duong hodc gram dm trong 30 phut, (iii-b) it nhit 95% cia
log 4 quan thé virut c6 vé ngoai trong vong 30 phut tiép xuc, (iii-c) it nhét 95% virut
khong c6 vo ngoai trong vong 30 phut tiép xtic, va/hodc (iii-d) it nhét 94% cua log 4
quan thé vi khuln Clostridium difficile trong vong 24 gid tiép xtic. Theo mdt phuong
4n dugc wu tién, mang dugce tao thanh tu ché pham khéng vi sinh vt theo séng ché dap
ung 2 hodc nhiéu hon, 3 hodic nhiéu hon, hodc tht ca 4 yéu cAu trong ting yéu cau (iii-
a) — (iii-d).

Vi du, trong céc didu kién cua thir nghiém nay, phuwong phap JIS Z 2801 thé
hién mirc giam log 4 cua E. coli trén mang chi chira polyDADMAC sau 30 phut,
khéng lai su giy nhiém log 5 (Bang 4).
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Béang 4
Nhan dién miu Escherichia coli | % gidm sau | Hoat tinh khang
: : ATCC 8739 cfu/mau 30 phut vi sinh vat
Déi chimg khong dugc xu ly 2,20x 10° n/a n/a
1 (PDADMAC, 12K ppm, 160 ppm
titanat (LICA™ 09), 50% EtOH, <15 >99,99% > 4,17
do pH=3,4)

* cfu/mau — cac don vi tao khuén lac trong mdi mau duoc thu hoi

Cung mdt mang nhu vay thé hién muc giam log 4 cia MRSA sau 10 phut,
nhung v6i sy gdy nhiém log 7 (Bang 5).

Béang 5
Staphylococcus aureus o/ iz . .
Nhin dién miu khdng Methixilin A’I%‘a‘l‘l‘ sau | Hoat tinh Khing
ATCC 33591 cfu/miu phut visinhvat
D4i chimg khong dugc xtt Iy 7,55 x 10° n/a n/a
1 (pDADMAC, 12K ppm,
160 ppm titanat (LICA™ 7,20 x 10? 99,99% 4,02
09), 50% EtOH, d6 pH = 3,4)

* ofu/mau — cac don vi tao khuén lac trong mdi mau duge thu hdi

Thir nghiém ty sat tring (“tiéu diét sau”) bd sung duge dé xuét cho mang tu sat
triung tdn du ma dugc tin 12 phu hgp hon cho viéc dp dung trong thue tién, dic biét 1a
khi thir nghiém hoat tinh khang virut. Thir nghiém nay la dua trén gia dinh rang, khi
ung dung trong doi song thurc, mang ty sét tring ton du khang vi sinh vét khong dugc
phu. Thir nghiém nay thay ddi JIS Z 2801 (phién ban nam 2006, cap nhét vao nam
2010) bang cach khong yéu cdu mang da cdy phai duge phu va bat dau thoi gian thir
nghiém sau khi chét cdy khd. Céc két qua thir nghiém st dung JIS Z 2801 thay d6i
dugc néu trong Bang 6 dé xac dinh sy tieu MS2 trén mang dugc tao ra tr hdn hop dé
tron 13n, khong doc ctia 3000 ppm PEI mach thing khong dugc bien d6i hoa hoc, 3000
ppm polyDADMAC, 79% etanol, 25 ppm PEI mach nhanh dugc carboxyl hoa, va
nudc can béﬁg. Dit liéu “tiéu diét sau” d6i voi vi khuin gram duong va vi khuén gram

4m duogc tao ra bang cach st dung thir nghiém JIS ti€u chuén.
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Bang 6
. % bi tiéu | Ve bi ticu % bitieu | % bitiéu | % bi tiu
Mam bénh diét 1 diét 5 phit diét 10 diét 15 diét
phiit P phit phiit 20 phit
Virut khong c6 vé ngoai
MS2 — thir
nghi¢m mo phong | o 4 99,38 99,96
su lay nhiem ’ ’ ’
99,99%
Vi khuin gram dwong
MRSA — thtr
nghiém mo phong 99.83 99.99
su lay nhiem ’ ’
99,999%
Vi khuin gram im
E. Coli — thtr
nghiém mo phong 99.54 99,99
su 1ay nhiem ’ ’
99,999%

Ngoai ra, JIS Z 2801 (phién ban nam 2006, cap nhat vao nam 2010) co thé dugc
thay dbi khi thir nghiém khang vi khuan Clostridium difficile bang cach thir nghiém
trong diéu kién c6 4nh sang va lam tang dién tich b& mat mau tir 1600 mm? dén 2500

mm?.

Thit nghiém (iv) dugc dinh huéng dén ISO 10993-5 (cap nhét 1an cubi vao nam
2009), toan bd ndi dung cia n6 duge dua vao bﬁng cach vién din, trong d6 tac dung
gay doc té bao in vitro cua vt liéu thiét bi y té dugc thtr nghiém. Phuong phép nay dé
cap dén viéc 1 té bao nudi céy tiép xtic véi thiét bi vi/hodc cac phén tach chiét cua
thiét bi mot cach truc tiép hoic thong qua sy lan toa. Cu thé, vat phém thir nghiém, dbi
chimg 4m va duong dugc tach chiét ra theo phuong phap ISO 10993-12. Phan tach
chiét ban dau dugc pha lodng timg béc va 5 ndng d6 duc_rc stt dung dé thir nghiém. Té
bao L-929 (chudt nhit, C3H/An, md lién két) duge xi Iy bang céc phan tach chiét cia
mAu, dbi ching chit phan tmg, va dbi chitng 4m hodc ddi chimg duong. Ba dia dugc
tao ra cho mdi xu ly. Té bao dugc 0 trong 24 gid va dugc quan sat bang kinh hién vi
vé tac dung gy doc té bao. Cac mdi truong nuodi cdy dugc quan sat dudi kinh hién vi
va duge xép loai vé kha ning phan (ng bang cach st dung thang didm tir 0 dén 4 (“4”

1a gay doc té bao nghiém trong; “3” la gy doc té bao vira phai; “2” 1a gdy doc té bao
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nhe; “1” 1a gdy doc té bao rat nhe, va “0” 1a khong gy doc té bao). Vat pham thir
nghiém dap ung yéu cAu cta thir nghiém khi céc két qua thip hon hodc bang loai 2

(tirc 14, 0, 1, hodc 2).

Mang tu sat tring tdn du dugce tao ra tir PEC, hon hop d& tron 14n, hodc cac
polyme dang cation don 1&, nhu duge mé ta & déy, la khong bi rira trdi, va nhu vay
vugt qua thir nghiém vé tac dung gdy ddc té bao in vitro ISO 10993-5 (phién ban
2009) v6i diém sé bing 0, nhu dugc thé hién bang céc két qua thir nghiém sau trong

Béang 7.

Bang 7

Xép loai giy

doc € bao Kha niang phan irng

Nhin dién mau

1 (pDADMAC PEC v6i PAAS, 3/6 duge )
pha loang & muc cao, 6K ppm, khdng c6 0 Khong gay doc te bao
chét ting cuong bdm dinh, d6 pH = 7,2)

2 (pDADMAC PEC véi PAAS, 3/6 dugc )
pha lodng & mirc cao, 6K ppm, 3 giot titanat 0 Khoéng giy doc té bao
(LICA™ 09), 0 pH=17,2)

3 (pDADMAC PEC v¢i PAAS, 3/6 dugc )
pha lodng & mirc cao, 4K ppm, 3 titanat 0 Khong gay doc t€ bao
(LICA™ 09), d0 pH=17,2)

4 (50% pDADMAC, 50% PEL titanat, 4K

ppm, 20% EtOH, d pH = 7) 0 Khong giy doc te bao
5 (PEI mach thing, khong dugc bién doi, N
4K ppm, 46 pH = 6) 0 Khong gay doc te bao
Do6i chiing 4m 0 Khong gy dc té bao
Doi ching chat phén ing 0 Khong giy djc te bao
e Gay doc té bao vira
Doi ching duong 3/4 phai/nghiém trong

Thit nghiém (v) dé cap dén phuong phap #01-1A, thudng dugc biét dén 1a “tht
nghiém Clorox”, 1a phuong phap dugc EPA phé duyét dé do ludng céc yéu cAu sat
trung 14u dai (tac 1a, yéu cau tac dung “tiéu diét sau” bén vitng). Phuong phap #01-1A,
toan bd ndi dung ctia né dugce dua vao bang cach vién dan, do hoat tinh ty sat tring ton
du ciia phan cin héa hoc da khd (mang) trén bé mit khong sdng, cing, khong xbp chi
khang vi khuan: Staphylococcus aureus, Klebsiella pneumoniae, va/hodc Enterobacter
aerogenes. Cu thé, cac bé mit dugc cdy, dugc xtt ly bing san pham thir nghiém, dugc

d8 cho khd, sau d6 dugc co trong diéu kién udt va kho luan phién, dugc bo tri xen k&
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v6i vai lan cy lai. Khi két thic nghién ctru va it nhét 24 gior sau d6, kha ning cia bé
mit thir nghiém trong viéc tiéu diét 99,9% vi sinh vét trong vong 5 phut dugce do. Dé
vuot qua thir nghiém ndy, mang dugc tao thanh tu ché phdm phai duy tri hiéu qua
khéng vi sinh vt cta né trong khodng, va sau, 12 1an cha x4t w6t va kho ludn phién
bang vai ning.

Phién ban bién ddi cta thir nghiém dd bén theo EPA, phuong phép #01-1A ¢c6
thé duoc st dung. Pugc tin ring phuong phap bién ddi 1a thich hgp hon & dénh gia
mang tu sat trung ton du duge tao ra tur ché phém khéang vi sinh vét theo sdng ché do
phuong phép #01-1A dugc thiét k& cho céc san phim phu thudc vao viéc tiéu digt vi
khuin bing cach giai phong cac hoa chét sat tring tr mang va mét di theo thoi gian.
Ché phim khéng vi sinh vt theo sang ché khong yéu cu phai c6 hoa chét sét tring,
thay vao do bao gbm céc polyme dang cation tich dién c6 co ché tiéu diét dugc cho 1a
khong bi mét di theo thdi gian. Thir nghiém bién ddi bao gdm bude cha x4t mang ba
1an (mot khd, mot uét, mot khd) hang ngay bang cach st dung khéi lugng va thoi gian
chu trinh theo phuong phap EPA #01-1A. Thu nghiém bién ddi nay thu dugc hiéu qua
kh'c’ihg vi sinh vat ctia ché phdm khang vi sinh vét qua nhiéu ngdy, so véi phép do 24
gio duy nhét cia phuong phép tiéu chuén #01-1A. P& vuot qua thir nghiém bién ddi
nay, yéu cAu rang sau tir 4 dén 7 ngdy, mang gbc polyme s& tiép tuc thé hién muc giam
vi khuén gram duong, vi khuén gram am, virut c6 v6 ngoai, va/hodc virut khong co vo
ngodi it nhét 1a 95% (chéng han it nhat 96%, it nhét 97%, it nhat 98%, it nhit 99%, it
nhét 99,5%, it nhat 99,9%) trén nén thity tinh hodc thép khong gi.

Sang ché con dé cap dén phuong phép tiéu diét vi sinh vat trén bé mit bao gdbm
budc phu 1én bé mit nay ché phim khang vi sinh vét chira polyme dang cation (chinh
ban than né hodc dugc bao nang trong PEC), it nhAt mot chit ting cudong bam dinh
(chéng han titanat, PEI mach nhanh dugc carboxyl hoa), tiy v hat hitu co va/hodc vo
co ¢6 hoat tinh quang xuc tac trong anh sang nhin thdy, va chit mang, ting thanh phan
nay la nhu dugc md ta ¢ ddy. Phuong phap nay ¢6 thé bao gdm budc khir trung bé
mit, tao ra mang tu sat trung tdn du, hodic ca hai. Thuét ngit “vi sinh vét” bao gém sinh
vat don bao hodc da bao bét ky, nhu vi khuin, virut, nim, cb khuén, va sinh vat
nguyén sinh (ching han tdo, amip, dong vat nguyén sinh). Nhu dugc st dung trong
ban mo ta, thuat ngit “pht” ding dé chi k§ thuat thich hop bét ky dugc st dung dé
truyén ché phim khang vi sinh vat Ién bé mit. Vi duy, cac k¥ thudt phu co thé 13, nhung
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khong gidi han &, chai, lan, phun, lau, co ria, rét, son, hép thu, hép phu, hut, thidm, hoa

tan, tm, nhiing, va két hop clia cic phwong phap nay.

Sang ché con dé cap dén phuong phap tiéu diét vi sinh vét trén b& mat (ching
han khtr trung bé mit, tao ra mang tu sat tring tdn du, hoic ca hai) bao gE‘)m budc phu
1én bé mit nay ché phdm khéng vi sinh vét chira mudi polydialyldimetylamoni khéi
lugng phan t cao (6t hon Ia khéi luong phan t cuc cao) (chdng han
polydialyldimetylamoni halogenua) va chit mang, nhu dugc md ta ¢ day. Ché phdm
khéng vi sinh vét theo phuong dn nay c6 thé con chira (i) polyme gbc polyetylenimin,
chitosan, hoic két hop cua ching, va/hodc (ii) polyme dang anion, va/hodc (iii) hat
hitu co va/hodic vd co ¢ hoat tinh quang xdc tac trong dnh séng nhin thdy, va/hoic (iv)
it nhdt mot chit ting cuong bam dinh (ching han titanat, PEI mach nhdnh dugc
carboxyl hoa), va/hodc (v) it nhit mot mudi. M&i thanh phan tlly y nay 13 nhu dugc mo
ta & day.

MGdi khi duge phu trén bé nﬁét, chit mang, nhu dugc mé ta ¢ day, trong ché
phim bay hoi dé dé lai mang tu sat tring tdn du khang vi sinh vét trén bé mit. Mang
tu sat trung tdn du khang vi sinh vt mang lai cho bé mit tinh khang khﬁén, tinh diét
virut, va/hodc tinh sat tring. Nhu dugc st dung trong ban mo ta, thuat ngit “mang lai
cho bé mit tinh khéng khuan, tinh diét virut, vi/hojic tinh st tring” dung dé chi viéc
lam gidm (chéng han loai bd, tiét diét, hodc ngan chin va/hodc tc ché su phat trién) su
c6 mat cua vi khuén, virut, va/hoic mam bénh (bao gém ndm, nhu Aspergillas
brasliensis) dén mirc do thich hop bét ky. Nhu duge s dung trong ban mo ta, thuét
ngit “muc do thich hop bat ky” ding dé chi viéc giam 50% hodc nhiéu hon, bao gdbm
giam 60% hojc nhidu hon, giam 70% hodc nhiéu hon, giam 80% hodgc nhiéu hon,
giam 90% hodc nhidu hon, gidm 92% hodic nhiéu hon, gidm 94% hogc nhiéu hon,
giam 95% hodc nhidu hon, gizm 97% hodic nhiéu hon, gidm 98% hogc nhiéu hon,

giam 99% hodic nhidu hon, hojc loai bd 99,5% hogc nhieu hon.

Theo phuong 4n nay, sang ché d& cap dén bé mit duge phu bao gbm bé mit
(chéng han bé mit cua nén) va mang ty sat trung ton du khéng vi sinh vét, nhu duoc
md ta & diy, dugc phu lén bé mit. Mang thu duoc tao ra bé mit khong bi rira trdi
khong dé loai bo dugc. Theo hau hét cac phuong 4n, mang tu sit trung tdn du khéng vi

sinh vat khong dugc lién két cong hoa tri voi bé mit (ching han bé mat cuia nén).
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Bé mit dugc tao ra tinh khéng khudn, tinh diét virut, va/hodc tinh sat tring c6
thé dugc 1am bang vat lidu thich hop bét ky, bao gém vat liéu twong thich sinh hoc. Bé
mat ndy co thé dugc st dung & hodc thu dugce tir dang thich hgp bét ky, nhu, vi du, bdt,
bui, khoi két tu, chat rin vo dinh hinh, tdm, soi, 6ng, vai, hodc dang twong tw. Theo
mot sb phuong an, bé mit nay bao gém kim loai, thiy tinh, soi thiy tinh, silica, cat,
g, s¢i, polyme tu nhién, polyme téng hop, chit déo, cao su, gém, st, da, da hoa, xi
mang, co thé ngudi hodc dong vt (chéng han da), hodc dang lai bét ky, hop kim,
copolyme, hdn hop, hogc két hop ciia ching.

Bé mit kim loai thich hop dé su dung theo sang ché bao gﬁ‘)m, vi duy, thép khong
gi, niken, titan, tantal, nhom, déng, vang, bac, bach kim, kém, hop kim niken titan
(nitinol), hgp kim cta niken, crom, va st (INCONEL™, Special Metals, Corporation,
Elkhart, IN), iridi, vonfram, silic, magie, thiéc, thép ma k&m, thép ma k€m nhing
nong, thép ma kém bing phuong phép ma dién, thép ma kém nhing néng va nung,
hop kim cua bét ky trong cac kim loai néu trén, 16p phi chtra bét ky trong cac kim loai

néu trén, va cac két hgp cta ching.

Bé& mat thuy tinh thich hop dé str dung theo sang ché bao gdm, vi du, thiy tinh
voi natri cacbonat, stronti thiy tinh, borosilicat thity tinh, bari thuy tinh, thiy tinh-gém

chtra lantan, soi thily tinh, va cac két hop cuia chung.

Bé mit silica thich hop dé st dung theo séng ché bao g@)m, vi duy, thach anh,
thach anh dung hop, silica tinh thé, silica hun khoi, silica gel, silica aerogel, va cac hdn

hop cta ching.

Bé miit cat thich hop dé sir dung theo séng ché bao gém, vi duy, cat gém co silica
(chdng han thach anh), canxi cacbonat (chang han aragonit), va cic hdn hop cua
chung. Cat nay cé thé bao gébm céc thanh phéan khéc, nhu khoang chét (ching han
magnetit, clorit, glauconit, thach cao, olivin, garnet), kim loai (chéng han sét), da vo
s0, san hd, da v6i, va/hodc da cing.

Céc bé mit gd thich hgp bao gbm, vi dy, gd cling va gb mém, va céc vat liéu
duoc cAu tric tir g5, mat g5, hodc sgi (chéng han gd dén, van dam dinh huéng, van ¢p
nhiéu 16p, compozit, van xé, giéy bia, tAim ¢ép cung, tAm x0 ép mat do trung binh), va

céc két hop clia chung. Cac loai gd bao gdm gb duong tia, gb bach duong, g du, gd
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thich, g6 li€u, gd 6c cho, gd anh dao, gd soi, gd mai chau, gd duong, gb thong, gd

tung, va cac két hop cia chiing.

Bé mit so¢i thich hop dé su dung theo sang ché bao gém, vi du, s¢i tu nhién
(chang han thu dugc tir dong vét, thuc vét, hogc khoang chét) va soi tong hop (ching
han thu dugc tir xenluloza, khoang chét, hodc polyme). S¢i tu nhién thich hgp bao
gbm bong, gai dau, day, lanh, gai, xidan, b3 mia, s¢i g0, lua to tdm, lya to nhén, gan,
day cat gut, len, s¢i to bién, len, vai ni, 16ng len thd, va amidng. Soi téng hop thich
hop bao gdm to nhan tao (ching han vai sinh hoc lam tir bot g6 (Iyocell)), soi mdt, va
soi kim loai (chéng han déng, vang, bac, niken, nhdm, se"lt), soi cacbon, soi silic
carbua, soi tre, vai to bién, ni 16ng, polyeste, soi polyvinyl clorua (ching han vinyon),
soi polyolefin (ching han polyetylen, polypropylen), soi acrylic polyeste, aramit
(ching han TWARON™, KEVLAR™, hoiic NOMEX™), vai spandex, va cac két hop

cta chung.

Bé mit polyme tu nhién thich hop dé st dung theo sang ché bao gdm, vi dy,
polysacarit (chéng han bong, xenluloza), senlac, hd phach, len, lua, cao su tu nhién,
polyme sinh hoc (ching han protein, thanh phan chit nén ngoai bao, colagen), va cac

két hop ctia ching.

Bé& mit polyme tong hop thich hop dé sir dung theo sang ché bao gbm, vi du,
polyvinylpyrolidon, acrylic, acrylonitriljbutadien-styren, polyacrylonitril, axetal,
polyphenylen oxit, polyimit, polystyren, polypropylen, polyetylen, polytetrafloetylen,
polyvinyliden florua, polyvinyl clorua, polyetylenimin, polyeste, polyete, polyamit,
polyorthoeste, —polyanhydrit, polysulfon, polyete  sulfon, polycaprolacton,
polyhydroxy-butyrat valerat, polylacton, polyuretan, polycacbonat, polyetylen

terephtalat, cling nhu cic copolyme va cac hdn hop cua chung.

Bé mit cao su thong thuong thich hop dé st dung theo séng ché bao gbm, vi du,
silic, florosilic, cao su nitril, cao su silic, polyisopren, cao su luu hoéa lIvu huynh, cao su
butadien-acrylonitril, cao su isopren-acrylonitril, va cac két hop ctia chung.

Bé mit gém thich hop dé st dung theo séng ché bao gém, vi du, bo nitrua, silic

nitrua, nhom oxit, silica, cac két hop cua chiing, va cac ket hop cia ching.
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Bé mit d4 thich hop dé st dung theo sang ché bao g&‘)m, vi du, bauxit, canxit,
fenspa, thach cao, da phién, granit, thach anh, da quaczit, d4 voi, da dolomit, da cat, da

hoa, d4 xa phong, serpentin va cac két hop ctia chung.

V6i cac muc dich ctia sang ché, co thé dong vat bao gbm, nhung khong gidi han
&, bd Rodentia (chéng han chuot nhét), bd Logomorpha (chéng han tho), b Camivora
(chang han gidng méo (méo) va gidng cho (cho)), bd Artiodactyla (chéng han gidng bo
(bo) va gibng lon (lgn)), bd Perssodactyla (ching han gibng ngua (ngua)), bd
Primates, Ceboids, hodc Simioids (ching han khi), 16p Aves (chang han chim), 16p
Phylum Arthropoda (chdng han con trung), 16p Pisces (chdng han c4), hodc b
Anthropoids (ching han nguoi va khi khong du6i). Thong thuong, da (bao goém da
nguyén ven, da bi thuong hodc bi rach, va/hodc da bi tdn thuong, vi dy, do bong)
va/hodc mo ni€ém mac (ch:fmg han md miéng, mili, mat, hodc sinh duc) cta co thé dong
vat dong vai tro 1a bé mit thich hop dé st dung ché phdm khang vi sinh vét. Da
va/hodc mo ni€ém mac cd thé duoc két hop véi bd phan bt ky ctia co thé dong vat, bao
g@)m chan tay, dudi, bung, nguc, dau, c¢d, mit, ving sinh duc (chéng han vi), mong,
hodc lung. Nhin chung, loai va lugng thanh phén cla ché pham khang vi sinh vét dugc
lua chon dé dam bao tinh twong thich sinh hoc, dé giam thiéu doc tinh, giam thiéu su
kich tng, va/hodc c6 do dinh bé mit mong mudn va/hoic dd bam dinh mong mudn cua

mang da tao thanh.

B2 mat thuong 13 thanh phdn c6 cdu trac 16n hon. Vi du, bé mat ndy c6 thé 1a
mot phﬁn ctia nén, nhu thiét bi y té, thiét bi chin doan, manh céy ghép, ging tay, mat
na, man chin, dém, tAm, chin, gac, qu?m 40, mo, rem ph§u thuét, duong 6ng, cdng cu
phﬁu thuat, dung cu bao ho, vai, mit hang trang phuc, san, tay cAm, tudng, bon, voi
hoa sen hoic chiu, bé v¢ sinh, ndi thét, cong tac treo tuong, dd choi, dung cu thé thao,
dung cu trong sén choi, xe déy mua sdm, mit ban bép, khi cuy, lan can, ctra, b loc
khong khi, 6ng dan, dd dung, dia, cbc, vat chira, vat chtra trinh bay dbi tuong, thuc
phém, vat chira trinh bay thyuc phém, bao gdbi thuc phém, thiét bi xtr ly thuc phém, thiét
bi gia cong thuc phém, thiét bi van chuyén thuc phém, thiét bi ban thuc phém tu dong,
thiét bi bao quan thuc phém, thiét bj déng géi thuc pham, cy trdng, dién thoai, dién
thoai di dong, didu khién tir xa, may tinh, chudt, ban phim, man hinh cam Ung, dd da,
m§ phém, thiét bi tao my pham, thiét bi bio quan my phdm, thiét bi déng goi m¥

phém, vat phém chiam séc ca nhan, thiét bi tao vat pham chdm soc ca nhan, thiét bi bao
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quan cham soc c4 nhén, thiét bi d6ng goi cham séc ca nhén, vat phim chim séc dong
vat, thiét bj tao vat phém cham séc¢ dong vit, thiét bi tha y, bot, kem, gel, thubc ma,
dung cu chdm séc mét, thiét bi tao dung cu cham s6c¢ mét, kinh &p trong, kinh, thiét bi
bao quan chdm soc mét, hop dung kinh 4p trong, dd kim hoan, thiét bi tao dd kim
hoan, thiét bi bao quan dd kim hoan, chudng nhét dong vat, thiét bi trﬁ‘)ng trot, thiét bi
gia cdng thirc &n cho dong vét, khong gian bao quan thirc dn cho dong vat, thiét bi bao
quan thuc dn cho dong vét, vat chira thuce dn cho dong vat, phuong tién giao thong trén
khong, phuong tién giao thong dudi mat d4t, thiét bi xt Iy khong khi, bd loc khong
khi, phuong tién giao thong dud6i nude, khong gian bao quan nudc, thiét bi bao quan
nude, thiét bi xt Iy nudc, vat chira chtra nude, bo loc nude, tay, toc, ban chan, cing
chén, canh tay, than minh, d4u, hodic bd phan co thé dong vat, vat chira trinh bay dugc
phém, bao goéi dugce phém, thiét bi xr Iy dugc phém, thiét bi gia cong dugc phém, thiét
bi van chuyén dugc phém, thiét bi ban duoc phém tu dong, dugc phém, thiét bi bao

quan dugc phim, thiét bi dong géi duoc pham.

“Thiét bi y t&” bao gbm thiét bi bét ky c6 bé mit tiép xtc véi mo, mau, hodc cac
dich thé khéac trong qua trinh st dung hodc hoat dong cua ching, dugc tim théy trén
hoic duge st dung sau d6 ¢ dong vét co va (chéng han nguo1i). Thiét bi y té bao gém,
vi du, thiét bi dung ngoai co thé dé st dung trong ph?lu thuét, nhu thiét bi tao oxy
huyét, bom ddy maéu, tii bdo quan mau, ong thu thap mau, thiét bi loc mau bao gdm
mdi truong loc, mang thim tach, duong dng dung dé mang méu va dang tuong tu ma
tiép xtc véi méu ma sau d6 dugc dua trd lai bénh nhan hoge dong vat 6 vi. Thiétbiy
té con bao gdm cac bd phan gia dugce ghép & dong vét co vi (chang han ngudi), nhu
manh ghép trong mach, sten, d4u may tro tim, dng ghép bd phan gia trong phau thut,
van tim, va dang tuong tu, dugc ciy ghép trong mach méu hodc tim. Thiét bi y t& con
bao gém thiét bj dé dung trong mach tam thoi nhu 6ng thong, day dan, kim choc §iva
kim sinh thiét, 6ng thong do, 6ng dan luu, 6ng r& mach, by cam bién, bd bién nap, dau
do va dang twong ty dugc dit vao mach mdu, tim, co quan ho@ic md nhim muc dich
theo d5i hodc sira chira hodc diéu tri. Thiét bi y té con bao gbm cic bd phén gia nhu
khép nhén tao nhu hang hodc du gbi cling nhu tim nhan tao. Ngoai ra, thiét bi y té
bao gém bd phan cﬁy.véo duong vét, bao sao su, bang v¢ sinh nhét Am dao, bang vé

sinh, kinh 4p trong, vét liéu bang deo, chi khau, kep cAm mau dung trong ph?lu thuat,
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vat liéu khang vi sinh vét, luéi phﬁu thuét, cao dan 4p da, va dung cu bang b6/bang vét

thuong.

“Thiét bi chdn doan” bao gdm thiét bi hodic dung cu bat ky dugc st dung dé
chan doén hoic theo ddi tinh trang y khoa. Céc vi du bao gbém may siéu am, chup cong
hudng tir (MRI), may quét chup cét 16p phat xa positron (PET), mdy quét chup cit 16p
vi tinh (CT), méay hd hép nhén tao, may tim-phdi, mdy tao oxy mang ngoai co thé
(ECMO), may thdm tach mau, méy theo ddi 4p suit mau, bng soi tai, kinh soi day mit,
éng nghe, may do huyét ap, bing quin médy do huyét 4p, may ghi dién tim, nhiét Kké,

may kht rung tim, banh mé vit, ong soi dai trang xich ma, va ong soi hu mon.

“Cong cu phau thuat” bao gbém dung cu hodc thiét bi bit ky dugc st dung dé
tién hanh phiu thuét hodc md. Céc vi du bao gém dao md, ludi trich, giti choc, kep
cAm mau, tay cam, kep, kim, banh miéng vét md, dung cu dinh hudng, dung cu md
thong khi quan, que nong, kim bam, kim rtra, kim tiém, mdy khoan, kinh, kinh ndi soi,

dau do, thuéce, va thude cap.

“Dung cu bao h9” bao gf‘)m thiét bi duoc st dung dé bao vé cho ngudi, dong
véat, hodc dbi tuong. Cac vi du vé “dyng cu bao ho” 12 mit na, tAm che mit, kinh che
mit, kinh bao ho, kinh, ging tay, boc gidy, bao vé& ban chan, bao veé céng chan, thit
lung, 4o bo-lu, tap dé, 40 khoac, 4o vest, quén 40 mua, mi, mi bao hiém, quai mi,
lu6i bao toc, chup toc khi tam, bao vé tai (nut bit tai, dung cu bit tai gilt 4m, day deo
tai), khiu trang, mat na khi, trum dau cép khi, vong cd, day budc, va bd dung cu cép

cuou.

“Vai” bao gdm loai vai thich hop bt ky, nhu bd ga gbi, rém chin, khin tim,

pht ban, tam chan bao v¢, va vai 16t dia.

“Mit hang trang phuc” bao gbm mit hang quan 4o, gidy dép, hodc mgt hang
khic ma mdt ngudi s€ mic trén co thé cia ho. Cac vi du bao gbm ddng phuc, 40
khoéac, 40 so mi, qué‘m, ting 16i nude, dung cu co rira, tat, 16t gidy hodc 16t giay cao cd,
dé giay, ging tay, mil, giay, gidy cao cd, va dép xang dan.

Bé mijt c6 thé 12 mot ph?m ctia két ciu xay dung hodc vat phém c6 thé duge tim
thdy trong két cAu xdy dung, nhu san, tudng, trang thiét bi (chang han tu lanh, 10, bép
1o, mdy rira bat, may gigt, mdy sdy quan o, 10 sudi, binh nong lanh, may diéu hoa

khong khi, may sudi), bdn, voi hoa sen hodc chau, bé v& sinh, ndi that (chang han dém,
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truong ky, so pha, ghé, ban, k¢, tAm phu, givdng, ga), mat ban bép, lan can, bd loc
khong khi, thiét bi xt ly khong khi, thiét bi xt 1y nude, bd loc nudc, 6ng dan, cira, tay
cAm, bong dién, cong téc dién, bd 6n nhiét, binh tudi, gian bay hoi va/hodc ngung tu
clia may diéu hoa khong khi.

B& mit ciing c6 thé 1a dd choi hodc dung cu thé thao, bao gdm thiét bi tap thé

duc, dung cu trong san choi, hodc bé boi.

Bé mit ¢6 thé 13 dung cu nha bép (chéng han dao, dia, thia, mudi, phéi trdn,
dung cu danh trimg, v.v.), dia (chang han vt chira bao quan thuc phém, bd dung thuc
phim, v.v.), bao goi thirc dn (ching han tai, hdp, mang méng, gidy boc déo), hodc vat
pham khac tiép xtic v6i thuc pham (ching han thét, vat chira trinh bay thue pham, thiét
bi xtr ly thuc phim, thiét bi gia cong thyc phim, thiét bi van chuyén thuc pham, thiét
bi ban thuc pham tu dong, thiét bi gia cong thirc &n cho dong vat, khong gian bao quan
thirc an cho dong vét, thiét bi bao quan thirc dn, vét chira thirc dn cho dong vat, thiét bi
bao quan thirc &n cho dong vét). Bé mit ¢ thé 1a mot ph?m cua thiét bi xir Iy thuc
pham, nhu thing xu ly thuc pham, thiét bi tron, bang chuyén, dao, méy xay, may dong

g0i, may gdn nhén, v.v..

“Thyuc phdm” 1a thyc phim bét ky trong d6 c6 thé mong mubn duge tao ra cing
vOi mang ty sat trung tdn du khang vi sinh vat. Theo cac phuong 4n nhu vy, mang tu
sat tring ton du khang vi sinh vét va ché phdm chira n6 nén 1a khong doc d6i voi
ngudi va dong vét tiéu thy. “Thuc phém” ¢6 thé 13, vi du hoa qua, rau, thit, hodc trimg
bét ky.

“Cay tréng” 1a cy trong thich hgp bét ky, bao gbm cdy hat kin (céy ra hoa), cay
hat trin (cdy trong 14y hat), cdy n qua, cdy duong xi, va réu. Cay hat kin thich hop cé
ngudn gbc tir cdy bui (amborella) (ching han Amborella trichopoda Baill), bd Sung
(nymphaeales) (ching han cay hoa sing), bd Moc lan day (austrobaileyales) (ching
han Illicium verum), Moc lan (chloranthales) (ching han tir nodi hoa s6i (ascarina), s1
dimg (chloranthus), mét huong (hedyosmum), hodc s6i rung (sarcandra)), phan 16p
moc lan (magnoliids) (ching han mdc lan (magnolia), nguyét qué (bay laurel), hat tiéu
den), cdy mot 14 mam (ching han ¢, lan, co), rong dudi cho (ceratophyllum) (ching

han cay thity sinh), hodc céy hai la mam (ching han cdy huéng duong, da yén thao,
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t40). Cay hat trAn thich hop 1a tr phén 16p Tué (cycadidae), bach qua (ginkgoidae), day
gim (gnetidae), hodc thong (pinidae).

B& mit c6 thé 12 mot phin cua thiét bi dién tir, nhu dién thoai, dién thoai di

dong, dicu khién tir xa, may tinh, chudt, ban phim, va man hinh cam {ng.

B& mit con c6 thé 13 mot phan ctia my pham (ching han phén mit, ké mét, kem
16t, kem nén, son, son dudng, phén ma), thiét bi san xuét m¥ phém, thiét bi bao quan
m§ phim, thiét bi déng goi m§ pham, vat phim chim séc ¢4 nhén (ching han kem,
gel, thudc md, sép dudng mdi, xa phong tim, xa phong rira mat, dudng thé, nuéc
thom, nuéce hoa, chét ngan tiét md hoi, chit khir mui, gidy lau mit, tam bong, miéng
bong, nude sic miéng, kem danh rang, son mong tay, dau g0i dAu, dau xa, xit toc, bot
tan, kem cao rau, kinh ap trong, hop dung kinh ap trong, kinh), thiét bi san xuét vat
phém chim soc c4 nhan, thiét bi bdo quan chidm soc ¢4 nhén, thiét bi déng géi cham
sé¢ ¢4 nhan, dd kim hoan (chéng han vong ¢, nhén, hoa tai, vong tay, déng hd), thiét

bi san xuat d6 kim hoan, hogc thiét bi bao quan do kim hoan.

“V4t phdm chim s6c dong vat” va “thiét bi thu y” ¢6 thé 1a san phdm bét ky
dung trong mdi truong bao gbém dong vat, nhu chudng, chudng giri chdm soc tam thoi,
hoic bénh vién thi y. Duong nhién, thiét bi thi y c6 thé duge sir dung & dia diém bén
ngoai mdi trudng bénh vién. Dong vat la dong vat bét ky thuong dugce coi 1a thi cung,
khong phai tha cung, duogc gui nhd chim séc, dugce diéu tri béi bac si thu y, va dong
vat hoang dai. Céac vi du bao gém ché, meo, loai bo sat, chim, tho, chdn suong, chudt
lang, chuot déng, chudt céng, chuot nhét, c4, rua, ngua, dé, gia sic, va lon. Vit phém
chim soc dong vat thich hop bao gbm vat phim cham séc c4 nhin duge md ta & day,
dd choi, giudong, sot, cili, vat dung, bat, dia, day xich, dai siét, chau xi, va céac vt phém
chai 16ng (chﬁng han téng do, kéo, ban chai, lugc, dung cu g0 rbi 16ng, va dung cu
ngin rung 16ng). Thiét bi tha y thich hop bao gdm thiét bi y té va cong cu phiu thuat
bét ky duge mo ta & ddy va thiét bi khac, nhu ban, chu, cang, bon, dia can, 1ong, vat

dung, va day xich.

“Chudng nhét dong vat” co thé 14 chudng nhét thich hgp bt ky, nhu 16ng ga,
chuéng ngua, choi, choi chira neo moc, chué“)ng tho, chuéng trau, chuéng bo, bii rao

kin, 6 dé, mang &n, coc budc dong vat, 16ng, vét dung, hodc giuong.
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“Thiét bi trdng trot” 13 thiét bi bat ky dugc st dung trong mdi truong ndng
nghiép, bao gém trang trai hodc nodng trai, dic biét la trang trai hodc ndng trai nudi
nhét dong vat, xt Iy dong vét, hodc ca hai. Trai chin nudi dong vat co thé dugc nudi
nhdt hodc dugc xir Iy nhu duge md ta & day va bao gbm, vi du ngua, gia suc, bo rung,
va c4c dong vat nhd nhu gia,cﬁm (chéng han ga, chim cut, ga tay, ngdng, vit, chim cu,
bd cau, ga 161, thién nga, da diéu, ga phi, ga phi An Do, da diéu sa mac), lon, ciru, dé,
lac da, lac da khong budu, huou, Itra, tho, va c4. Cac vi du vé thiét bi tréng trot bao
gém nhu xe dﬁy thtre dn, xe modc, xe déy, kho thoc, kho dé hang, hang rao, binh tudi,
xéng, dung cu nao, day thong long, day thung, thiét bi nudi nhdt, mang &n, méang ubng
nudc, mang xdi, bd loc nuéc, thiét bi xir ly nuéc, bé chira du trit, may nudc, thung, X0,
méng dé c6 kho, dia can, 14t san nudi gia cAm, thiét bi xr 1y tring, tAm chén kho théc,
may kéo, may gieo hat, may trdng cdy, céi cdy, banh xe, may xdi, may ric, may phun,
mdy 1am toi, may phén loai, mdy doéng kién, may thu hoach, may hai bong, may dap
Itia, may git, may xtc 1at, mang tha nén, méang tha thuy Iuc, mang tha dAu ra, cbng dau

ra, chdu x1c, chdu rao, ham, bai rao cho bo dé, ban xoay nudi bé, va may vat stra.

B& mit c6 thé 1a mot phan ctia phuong tién giao thong, nhu phuong tién giao
thong trén khong, phuong tién giao thong duéi mat dat, hodc phuong tién giao thong
dudi nuge. Phuong tién giao thong thich hop bao gbm 0 to, xe tai 16n, xe tai, xe buyt,
Xe cﬁp ciru, phuong tién giao thong giai tri, xe cam trai, xe may, xe déy, xe dap, xe lan,
tau hoa, xe dién, tau, thuyén, can0, tau ngém, phuong tién giao thong dudi nuée tu
dong (UUV), md td nudc ca nhan, mdy bay, mAay bay phan lyc, mdy bay truc thang,

phuong tién giao thong tu quéan ty dong (UAV), va khinh khi cau.

Néu mudn, bé mit ma mang tu sét tring tdon du khang vi sinh vt da dugc phu
1én d@6 co thé dugc tai tao bang cach loai bé mang tu sat tring ton du khéang vi sinh vat,
do mang nay thuong khong dugc li€n két cong héa tri v6i bé mit. Budc loai bo ¢ thé
dugc thuc hién bing phuong phép thich hop bét ky, nhu rira hodc doi bang dung mdi
(ching han nuge va/hodc ruou). Nhu vy, 16p phu khang vi sinh vét trén bé mit (ching
han bé mit clia nén) dugec mo ta & day co thé dugc coi 1a tam thoi (ching han dé loai
b6). Theo mdt phuong 4n, mang ty sat trung tdn du khang vi sinh vét tan trong nudc

va c6 thé loai bé dugc bing nude (ching han nugc xa phong néng).

Mang tu sét trung ton du khéang vi sinh vat mang lai cho b& mit tinh khang vi
sinh vat khéng lai vi khuén thich hop bét ky dén mirc do thich hop bét ky. N6i céch
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khac, ché phim khang vi sinh vét theo sang ché c6 thé tao ra mang ty sét tring ton du
khang vi sinh Vit trén bd mat (ching han bé mit clia nén) ma tiéu diét it nhét 75%
(chiing han it nhit 80%, it nhat 85%, it nhit 90%, it nhét 92%, it nhat 94%, it nhat
95%, it nhat 96%, it nhét 97%, it nhét 98%, it nht 99%, hodc it nhét 99,5%) vi khuan
tiép xUc véi mang ty sat trung tdn du khang vi sinh vat. Vi du, vi khuén nay c6 thé 13,
vi du, Staphylococcus aureus, Staphylococcus aureus gram duong khang methixilin
(MRSA), Staphylococcus — saprophyticus, Pseudomonas  aeruginosa, Listeria
monocytogenes, Klebsiella pneumoniae, Streptococcus pneumoniae, Streptococcus
pyogenes, Streptococcus agalactiae, Haemophilus influenzae, Helicobacter pylori,
Salmonella, Shigella, Clostridium, Enterobacter aerogenes, Escherichia coli gram am,
Clostridium difficile, hodc két hop ctia ching. Theo mot s6 phuong én, ché phdm
khang vi sinh vét c6 hi¢u qua trong viéc lam giam (chéng han loai bo, tiét diét, hodc
ngin chin va/hodc e ché su phat trién) Staphylococcus aureus gram duong khang
methixilin (MRSA), Escherichia coli gram am (ATCC 8739), Clostridium difficile
(ATCC 43598), hogc két hop ctia ching.

Theo mot khia canh cta sang ché, mang tu sét tring tdn du khang vi sinh vét
dugc tao ra tu ché phim khéng vi sinh vét duge mo ta 6 day mang lai cho bé mit néu
trén tinh khang khuin khang lai vi khuén Staphylococcus aureus gram duong khang
methixilin (MRSA). Tét hon 13, mang ty sat tring ton dw khang vi sinh vt tiéu diét it
nhét 95% (chéing han it nhit 96%, it nhit 97%, it nhat 98%, it nhét 99%) log 5 quan
thd cta vi khudn Staphylococcus aureus gram duong khang methixilin (MRSA) trong
vong 30 phut (ching han trong vong 20 phut, trong vong 15 phut, trong vong 10 phut,
trong vong 5 phut) tiép xtc. Theo mot phuong dn ddc biét duogc uvu tién, mang ty sat
tring ton du khang vi sinh vat ti€u diét it nhét 99,8% cua log 5 quan th8 vi khuén
Staphylococcus aureus gram duong khéang methixilin (MRSA) trong vong 5 phut tiép

xac.

Theo mot khia canh khac cla sang ché, mang tu sét trung tdn du khang vi sinh
vat dugc tao ra tu ché phdm khéng khuin dugc mo ta & diy mang lai cho bé mit néu
trén tinh khang khuén khang lai vi khuén Escherichia coli gram 4m (ATCC 8739). Cu
thé, mang tu sét tring ton du khang vi sinh vét tiéu diét it nhét 95% (ching han it nhat
96%, it nhit 97%, it nhit 98%, it nhat 99%) cua log 5 quin thé vi khuén Escherichia
coli gram 4m (ATCC 8739) trong vong 30 phut (ching han trong vong 20 phut, trong
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vong 15 phut, trong vong 10 phut, trong vong 5 phut) tiép xtic. Theo mdt phuwong an
duogc uvu tién, mang ty sat trung tdn du khang vi sinh vat tiéu digt it nhét 99,7% cua log
5 quén thé vi khudn Escherichia coli gram 4&m (ATCC 8739) trong vong 5 phit tiép

xuc.

Theo mdt khia canh khac nita cia sang ché, mang ty sat trung tdn du khang vi
sinh vat dugc tao ra tr ché phim khéng vi sinh vét dugc mo t& & ddy mang lai cho bé
mit néu trén tinh khang khunkhun khang lai vi khuan Clostridium difficile (ATCC
43598). Cu thé hon, mang tu sat tring ton du khang vi sinh vét tiéu diét it nhét 75%
(ching han it nhdt 80%, it nhit 85%, it nhat 90%, it nhét 95%, it nhit 97%, it nhat
98%, it nhit 99%) ciia log 4 quan thé vi khuén Clostridium difficile (ATCC 43598)
trong vong 24 gio tiép xuc (ching han trong vong 18 gid, trong vong 12 gid, trong
vong 10 gio, trong vong 8 giv, trong vong 6 gio) tiép xic. Theo mot phuong an duge
wu tién, mang tu sat tring ton du khang vi sinh vat tiéu diét it nhét 99,7% cia log 4

quin thé vi khuan Clostridium difficile (ATCC 43598) trong Vbrig 8 gidr tiép xuc.

Khé tiéu diét virut hon nhidu, dic biét 1a cac virut khong ¢ vo ngoai, vi du
virut noro, virut rota, virut adeno, va virut polio. Nhin chung, cach duy nhét dé tidu
diét loat virut khong c6 vo ngoai la ding mot luong 16n hoa chit cuc manh nhu
hypoclorit, axit va peroxit, tht c4 cac hoa chit nay déu cuc ki doc voi té bao. Péang chu
vy 13, cong nghé duge mo ta trong sang ché c6 kha ning tao ra mang tu sat trung ton du
khang vi sinh vat tiéu diét cac virut khong c6 vo ngoai. Do do sang ché @& cap dén
mang ty sat trung tdn du khang vi sinh vat dugc tao ra tur ché pham khang vi sinh vat
dugc mo ta & diy ma mang lai cho bé mat tinh diét virut khang lai virut thich hop bét
ky dén murc @0 thich hgp bét ky, nhu, 1am giam (chéng han loai bo, tiét diét, hoac ngan
chin va/hodc e ché su sinh trudng) it nhét 75% (ching han it nhét 80%, it nhat 85%,
it nhAt 90%, it nhit 92%, it nhit 94%, it nhét 95%, it nhat 96%, it nhat 97%, it nhat
98%, it nhét 99%, hoic it nhét 99,5%) virut. Trong mot vi du cu thé, mang tu sét tring
tdn du khang vi sinh vat dugc tao ra tir ché phém khang vi sinh vat dugc md ta o day
mang lai cho bé mat néu trén tinh diét virut khang lai it nhit mot virut c6 vo ngoai
(ching han virut bénh thity d4u, cum, virut ecpet, hdi chirng hd hép cép nghiém trong
(SARS), virut flavi, virut toga) hodc virut khong c6 vé ngoai (ching han virut levi,

virut noro, virut rota, virut adeno, virut parvo, va virut polio).
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Theo mot khia canh khéc cua sang ché, mang tu sat trung ton du khang vi sinh
vat duogc tao ra tir ché phim khéng vi sinh vat dugc md ta & ddy mang lai cho bé mit
néu trén tinh diét virut khang lai virut c6 v6 ngoai cim A (ching han HIN1, HIN2, va
H5N1). Theo mdt phuong an, mang ty sat trung tdon du khang vi sinh vat tiéu diét it
nh4t 95% (ching han it nht 96%, it nhit 97%, it nhat 98%, it nhat 99%) cla log 4
quin thé virut c6 vo ngoai cim A (HIN1) (ATCC CCL-34) trong vong 60 phut (chéng
han trong vong 45 phut, trong vong 30 phut, trong vong 20 phut) tiép xtc. Theo mdt
phuong 4n dugc wu tién, mang ty st tring ton dw khang vi sinh vat tiéu diét it nhét
99% ciia log 4 quin thé virut c6 vo ngoai cim A (HIN1) (ATCC CCL-34) trong vong
30 phut tiép xuc.

Theo mdt khia canh khac nita cia sang ché, mang tu sét tring tdn du khang vi
sinh vAt mang lai cho bé mit néu trén tinh diét virut khang lai virut khong ¢ vO ngoai,
nhu virut levi (ching han MS2), virut noro, virut rota, virut adeno, virut parvo, hodc
virut polio. Theo mdt phuong 4n, mang ty sat trung ton du khéang vi sinh vat tiéu diét it
nh4t 95% (ching han it nht 96%, it nhit 97%, it nhit 98%, it nht 99%) virut khong
c6 v6 ngoai trong vong 30 phut tiép xuc (ching han trong vong 20 phut, trong vong 15
phut, trong vong 10 phut, trong vong 5 phut) tiép xtic. Theo mdt phwong 4n dugc uu
tién, mang tu sat trung ton du khéng vi sinh vt tiéu diét it nhét 97% virut khong ¢ vo
ngoai trong vong 5 phut tiép xtic. Trong mot s6 truong hop cua phuong én nay, virut

khong 6 vo ngoai 1a MS2 (ATCC 15597-B1).

Mot phuong an cua sang ché d& cap dén moi truong loc da xir ly chira mét hodc
nhidu polyme dang cation khong tan, nhu dugc md ta & day, duoc két hop véi moi
truong loc khong dét tich dién duong. Moi truong loc nay 1a thich hop dé loc, vi du,
chét 1ong (ch?mg han nudc) va khong khi va ¢6 thé dugc tao ra tir vat liéu thich hop bét
ky, nhu nhdom oxit (Al2Os), polyeste (ching han PET), polyetylen, polypropylen,
polyamit (chdng han ni 1dng 6,6), polyimit, polyacrylic, thuy tinh, kim loai, dextran,
xenluloza, day, bot gd, bong, hodc két hop cua chung (ching han s¢i vi thiy tinh
va/hoic xenluloza dugc phi s¢i nano nhém oxit). Néu vat liéu nay khong tich dién
duong & dang ty nhién cla no, vat liéu nay co thé duoc bién ddi, néu cin, dé tao ra
dién tich duong cAn thiét, bing céach vi du, bd sung mdt hodc nhiéu nhém amoni bac
bdn. Mbi truomg loc khong dét c6 thé dugc mua trén thi trudng va co thé dugc tao ra

bang phuong phap thich hop bét ky (ching han ling uét, ling trong khong khi, ling
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kho, théi nong chay, lién két kéo, kéo mang soi nano, va kéo soi lién tuc). Xem, vi du
Argonide (Sanford, FL), Pall Corporation (Port Washington, New York), GE
Infrastructure Water and Process Technologies (Trevose, PA), va Meissner Filtration
Products (Camarillo, CA). Chét ting cudng bam dinh hoat dong nhu chat két hop, nhu
dugc md ta ¢ day, co thé dugc st dung. Phuong an trong d6 chét ting cudong bam dinh

¢ dang cation, nhu PEI mach nhanh duoc carboxol hoa, dugc uu tién.

Hiu hét méi truong loc 1am gidm vi sinh vét gdy bénh bang cich sang loc don
gian theo kich ¢, nhung céc bd loc nay doi héi ap suét cao dé sang loc higu qua vat
liéu (ching han chét 1ong), dé tdc nghén, va doi héi bao tri thuong xuyén. Bo loc da
duge xit Iy ma tich dién duong va duge két hop véi mot hodc nhiéu polyme dang
cation khong tan, nhu duge mo ta & day, co thé tiéu diét mot cach hiéu qua céc vi sinh
vat voi ap suét giam va/hodc tic nghén it hon. Fig.2A minh hoa kich c& 16 nhd tir bd
loc chira 5 pm thdy tinh khong tich di¢n duong. Fig.2B minh hoa bd loc chira nhom
oxit tich dién duong c¢6 kich c& 15 16n hon. Tuy nhién, bd loc nay hoat dong nhu bo loc
vi thuy tinh ¢& 16 nho hon trén Fig2A, do polyme dang cation (chdng han
polyDADMAC khéng tan, PEI mach thing) dugc két hop v6i nhom oxit.

Trong mot vi du vé bd loc nuéce da dugc xir 1y, polyDADMAC da duoc lam
khong tan (ching han bing cach thay thé mot phan cla ion tréi dAu clorua bing florua)
duoc két hop v6i mdi trudng loc ALO; tich dién duong, khong dét vai PEI mach
nhanh duogc carboxyl hoa. Moi trudng loc da xir ly thu duge c6 gia tri zeta duong rat
cao. Trong mdt vi du khéc, bd loc khong khi da xur Iy duoc tao ra bang cich két hop
PEI mach thing v6i moi trudng loc ALOs tich dién duong, khong dét bing cach st
dung chét ting cuong bam dinh, nhu PEI mach nhanh dugc carboxyl hoa.

Khi thir nghiém, chét 16ng 1am viéc kim loai nhiém ban cao (log 7) dugc cho di
qua bd loc da xir Iy, nhu duge mo ta & day, 1am giam vi sinh vét, bao gém virut khong
¢6 vO ngodi, 99,9%.

Sang ché con duge minh hoa bang cic phuong 4n sau.

(1) Ché phém khéng vi sinh vat chta: (a) polyme dang cation, (b) it nhét mot chét ting
cudng bam dinh, (c) tiy ¥ hat hitu co va/hodc vd co ¢6 hoat tinh quang xuc tac trong
anh sang nhin thay, va (d) chit mang, trong d6 cac thanh phan cua ché phdm nay

khong dugc lién két cong hoa tri v4i nhau, va ché phim khang vi sinh vét nay 1a phu
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hop vdi mot hodc nhiéu thir nghiém trong sb cac thir nghiém sau: (i) thir nghi¢ém phun
sat trung theo phuong phap qudc té E1153 ctia Hiép hoi Thi nghiém va Vat liéu My
(ASTM) déap mg yéu cAu ctia EPA vé muc do giam log 3 ddi véi virut va mtre do
giam log 5 ddi v6i vi khudn, (i) thir nghiém hon dich theo phuong phap qubc té
E1052-96 ctia ASTM (2002) hogc phuong phap qubc té E2315 ctia ASTM (2016), (iii)
mang duoc tao thanh tir ché pham tiéu diét (iii-a) it nhét 95% cta log 5 quin thé vi
khuin gram duong hodc gram am trong 30 phut, (iii-b) it nhét 95% ctia log 4 quan thé
virut 6 vé ngodi trong vong 30 phut tip xtc, (iii-c) it nhat 95% virut khong ¢6 vo
ngoai trong vong 30 phut tiép xuc, (iii-d) it nhét 94% cta log 4 quan thé vi khuén
Clostridium difficile trong vong 24 gio tiép xtic, phit hop voi thir nghiém theo Tiéu
chuin cong nghiép Nhat Ban (JIS) Z 2801 (2006) vé hoat tinh khang vi sinh vét, hodc
phién ban bién ddi cta thir nghiém nay nhu dugc md ta & day, (iv) mang dugc tao
thanh tir ché phim c6 gia tri bang 2 hodc thap hon theo thir nghiém vé tac dung gy
doc té& bio in vitro chia TS chire tidu chudn hoa Quéc té (ISO) 10993-5; va (v) thir
nghiém do bén duge chon tir (v-a) mang duoc tao thanh tur ché phém tiéu diét it nhat
99,9% vi khuin gram duong va vi khuén gram am theo thir nghiém hoat tinh tu sat
tring ton du theo phuong phép # 01-1A cua Co quan Bao vé Moi truong (EPA), hodc
(v-b) dgi 7 ngdy sau khi tao ra mang, mang dugc tao thanh tir ché phdm tiéu diét it
nhét 95% vi khuan gram duong va vi khudn gram 4m, hodc virut c6 v6 ngoai va virut
khong c6 v ngoai theo phién ban bién ddi cua thir nghiém hoat tinh ty sat trung tdn du

theo phuong phép # 01-1A, nhu duge mo ta & day.

(2) Ché phdm khang vi sinh vét theo phuong an (1), trong d6 polyme dang cation la
mubi polydialyldialkylamoni, mudi acryloxyalkyltrialkylamoni, mudi
vinylphenalkyltrialkylamoni, mudi  acrylamidoalkyltrialkylamoni, poly(muéi
acrylamit-co-dialyldialkylamoni), polyme gbc polyetylenimin, chitosan tuy y duogc su
dung két hop véi polyme dang anion, hodc két hop cta chung.

3) Ché phém khang vi sinh vat theo phirong an (2), trong do mudi
polydialyldialkylamoni la polydialyldimetylamoni halogenua, va halogenua la clorua,

florua, anion chira clorua, anion chira florua, hodc két hop cta ching.

)] Ché phdm khang vi sinh vét theo phuong 4n bat ky trong sb cac phuong an tr (1)
dén (3), trong d6 polyme dang cation 1a polyetylenimin (PEI) mach thing khong dugc

bién do6i hoa hoc.
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(5) Ché phim khéng vi sinh vét theo phuong an bét ky trong sb cac phuong an tir (1)
dén (4), trong do6 it nhét mot chit ting cudng bam dinh néu trén dugc chon tir titanat,
PEI mach nhanh hodc mach thang dugc carboxyl hoa, hop chét silan, copolyme khéi
dang cation, va polyme chua it nhit mot nhom axyl, nhom axit carboxylic, hodc dan

xudt axit carboxylic, va két hop cta chung.

(6) Ché phim khang vi sinh vét theo phuong én bét ky trong s6 cac phuong an tir (1)
dén (5), trong d6 hat hiru co va/hodc v co c6 hoat tinh quang xdc tic trong anh sang
nhin théy duge chon tir nhém bao gf‘)m graphen, g-C3N4, oxit kim loai chuyén tiép,
sulfua kim loai chuyén tiép, selenua kim loai chuyén tiép, chit nhay thudc nhudm,

polyme lién hop, kim loai quy, hogc két hop cia ching.

(7) Ché pham khang vi sinh vt theo phuong an bét ky trong s6 cac phuong an tir (1)
dén (6), trong d6 hat hitu co va/hogc v6 co c6 hoat tinh quang xdc tac trong anh sang
nhin thiy 13 hat TiO; pha thém W va N da duogc thiy phan dudi 4nh sang cuc tim
(UV).

(8) Ché phdm khang vi sinh vét theo phuong 4n bét ky trong s6 cac phuong an tir (1)
dén (7), trong d6 ché phdm khéng vi sinh vat khong chira hop chét sat tring phén ti
nho.

(9) Ché pham khéng vi sinh vat theo phuong an bét ky trong s6 cac phuong an tir (1)
dén (7), trong d6 ché phim khang vi sinh vat nay con chira it nhat mot chat sat trung.
(10) Ché pham khéng vi sinh vat theo phuong 4n bét ky trong sb cac phuong 4n tir (1)
dén (9), trong d6 ché phdm khang vi sinh vét nay con chira mot hodc nhiéu polyme
khong phai chit dién phén.

(11) Ché phim khang vi sinh vét theo phuong an (10), trong d6 mot hodc nhiéu
polyme khong phai chét dién phan chira polyacrylamit.

(12) Ché phim khéng vi sinh v4t chira polyme gbc polyetylenimin, tiy y polyme dang
cation thtt hai dugc chon tur mubi polydialyldialkylamoni, poly(acrylamit-co-
dialyldialkylamoni halogenua), chitosan, hoic két hop cia ching, tiy ¥ polyaxit, thy ¥
it nht mot chét ting cudng bam dinh, va chéit mang.

(13) Ché phim khang vi sinh vét theo phuong 4n (12), trong d6 polyme gbc
polyetylenimin 1a PEI mach thang.
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(14) Ché phdm khang vi sinh vat theo phuong an (12) hogc (13), trong d6 ché phim
nay chira PEI mach thang khong bién ddi v& mit héa hoc, polydialyldimetylamoni
clorua (polyDADMAC), thy y axit Xitric, PEI mach nhanh duoc carboxyl hoa, va chét

mang nudc-Tuou.

(15) Ché phdm khéng vi sinh vat theo phuong an bét ky trong s6 cac phuong an tir (12)

dén (14), trong d6 ché pham nay chira axit xitric.

(16) Ché phim khéng vi sinh vat chira it nhat mot hat hiru co va/hodic v6 co ¢ hoat
tinh quang xuc tac trong 4nh sdng nhin thdy, it nhét mot chit ting cudng bam dinh, va
chit mang, trong d6 mang duoc tao thanh tur ché phdm khang vi sinh vat nay ti€u diét
vi sinh vat trong cac diéu kién cua JIS Z 2801 da dugc bién @i bing cach khong yéu
cau mang da dugc ciy phai dugc phui va bat dau thoi gian thr nghiém sau khi chét ciy
kho.

(17) Phuong phap tiéu diét vi sinh vat trén bé mét bao ¢dm bude phi 1én bé mat ché

phim khéng vi sinh vat theo phuong én bét ky trong sb cac phuong an tir (1) dén (16).

(18) Phuong phép theo phuong én (17), trong d6 chat mang bay hoi dé 1ai mang tu sét

triung ton du trén bé miit.

(19) Phuong phép theo phuong 4n (18), trong d6 mang tu sat trung tdn du mang lai

cho bé mit néu trén tinh khang khudn, tinh diét virut, va/hodc tinh sét trung.

(20) Phuong phép theo phuong 4n (18) hodc (19), trong d6 mang tu sat trung ton du
tiéu diét mot hodc nhidu trong sb: (i) it nhit 95% cta log 5 quin thé vi khuin
Staphylococcus aureus gram duong khang methixilin (MRSA) trong vong 30 phut tiép
xuc; (ii) it nhét 95% cua log 5 quin thé vi khuan Escherichia coli gram am (ATCC
8739) trong vong 30 phut tiép xuc; (iii) it nhét 95% cta log 4 quin thé virut c6 vo
ngoai cim A (HIN1) (ATCC CCL-34) trong vong 60 phut tiép xtic; (iv) it nhét 95%
virut khong c6 vé ngoai trong vong 30 phut tiép xtc; va/hodc (v) it nhét 75% cta log 4

quin thé vi khudn Clostridium difficile (ATCC 43598) trong vong 24 gidr tiép xtc.

(21) Phuong phép theo phuong an (20), trong d6 virut khong ¢ vo ngoai 1a MS2
(ATCC 15597-B1).
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(22) Phuong phép tiéu diét vi sinh vat trén bé mit bao gdm budc phii 1én bé mat nay
ché phdm khang vi sinh vét chira mudi polydialyldialkylamoni c6 khéi luong phéan ti

cao va chat mang.

(23) Phuong phép theo phuong én (22), trong d6 ché phim khang vi sinh vét nay con

chira polyme gbc polyetylenimin, chitosan, hodc két hop ctia chung.

(24) Phuong phap theo phwong 4n (22) hodc (23), trong do ché pham khéng vi sinh vét
nay con chira hat hitu co va/hodc v6 co ¢o hoat tinh quang x{ic tac trong 4nh sang nhin

thiy.

(25) Phuong phap theo phuong an bét ky trong sb cac phuong an tir (22) dén (24),
trong do ché phdm khang vi sinh vét nay khong chira hop chét sat tring phéan t& nho.

(26) Phuong phép theo phwong an bét ky trong s6 cac phuong an tir (22) dén (25),

trong do chit mang bay hoi dé lai mang tu sat trung tdn du trén bé mit.

(27) Phuong phéap theo phuong an (26), trong d6 mang tu sat trung tdn du tiéu diét mot
hodc nhiéu trong sb: (i) it nhit 95% cua log 5 quin thé vi khuin Staphylococcus
aureus gram duong khang methixilin (MRSA) trong vong 30 phut tiép xuc; (ii) it nhét
95% cua log 35 quén thé vi khuén gram &m Escherichia coli gram am (ATCC 8739)
trong vong 30 phut tiép xuc; (iii) it nhét 95% cta log 4 quéan thé virut c6 vé ngoai cim
A (HIN1) (ATCC CCL-34) trong vong 60 phut tiép xtic; (iv) it nhét 95% virut khong
¢6 v6 ngoai trong vong 30 phit tiép xuc; va/hodc (v) it nhét 75% cta log 4 quin thé vi

khudn Clostridium difficile (ATCC 43598) trong vong 24 gidr tiép xuc.

Cac vi du sau day minh hoa thém cho sang ché nhung, tAt nhién, khong nén

dugc hiu 13 gi¢i han pham vi ciia n6 theo cach bét ky.
Vi du thyc hién sang ché

Ché pham khang vi sinh vét ddi vai cac vi du sau duge bao ché theo quy trinh
chung sau day: (1) hdn hop loding & mirc cao ctia mot hodc nhiéu polyme dang cation
duoc didu ché, (2) hat quang xtc tac dugce bd sung theo ty 1& phan trim khéi luong dua
trén cac monome cation (% wbem), (3) hdn hop lodng & mirc cao clia mot hodc nhiéu
polyme dang anion dugc didu ché, (4) polyme dang cation lodng va polyme dang
anion loang dugc tron dé tao ra PEC, (5) néu dugc str dung, chét ting cuong bam dinh

titanat duoc bd sung vao theo ty 1¢ ph?m tram khoi luong dua trén cac monome toan
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phén (% wbtm), (6) PEC dang cation/anion dugc ngung tu (trc 13, dung moi dugce lam
bay hoi mot phén) dé thu duoc ndng dd mong mudn dung dé xac dinh, vi du, do day
mang va do bén mang, va (7) ché phim khéng vi sinh vét dugc pha loang thém dé c6
c4c bién dbi mong doi. Budc 2 dén 7 1a tiy y tiy thudc vao ché phdm khir tring mong
mudn va ndng do.
Vidul

Vi du nay thé hién qua trinh bao ché ché pham khéng vi sinh vat theo mot
phuong 4n cua sang ché.

Cic thanh phin riéng r&é va cac luong twong Ung cila chung dé tao ra
polyDADMAC/PEI/PAAS PEC dugc lép bang va dugc néu trong Bang 8. Cac lugng

thanh phan riéng r& dugc liét ké ngoai tinh toan ndng dd (ppm) cua dung dich.

Bang 8
Chat | Chat Ty 1¢
ran ran % monome
£ X Chét dang | dang tbng | tich dién
\ 0, , . 0 v
Thanh phan Khoz h)Ic_mg /or%at rdn I_(Iz()) cation | anion | lugng
& (2 & trong | trong | chat ot
H,0 | H,O | long n/m
® (€3]
pDADMAC 3 40% 1,2 775,4 1,2 0,21% 0,25
PEI 0,6 100% 0,6 100 0,6 0,05%
PAAS ‘ 1,5 30% 0,45 293,85 0,45
A 1% Tbng lugng Téng lugng
g H,O d6i v6i hon hep
pDADMAC 773,6 Polymg dang 1,8 0,45 Polymg dang
cation anion
ih%io trong pPDADMAC 1.8 | Titanat (%wbtm) 5% Hé 6 giam — 40% theo thé tich
g H20 d6i v6i hdn hop PEI 100 Titanat (g) 0,1125
g H,0 d6i v6i hon hop PAA 292,8 Tinh ton theo ppm
¢ H,0 trong PAA khéi 1,05 Chatquangxic 40, | 525 X
tac (Yowbcm) _
Chét quang xtic X =321k ppm
Téng chét 1éng 1169,25 tg:*zgf Xue 518 | 701,55 1000

Ché phim khéng vi sinh vét tao ra PEC dugc néu trong Bang 8 chira hai polyme
dang cation (t&c 13, polyDADMAC va PEI), polyme dang anion (PAAS), titanat, hat
TiO, (chit quang xuc tac), va nudc lam chit mang. Rugu khong dugc yéu cau dé tao
ra PEC. Sau khi tao ra PEC, ty 1¢ phén tram nhat dinh ctia nudc dugc thay thé biang
ruou. Khi ché phdm dugce sir dung dudi dang chit khtr tring dang phun, ruou giup ti€u

diét vi khuan. Rugu cling gitp ché phdm nay kho nhanh hon dé tao ra mang tu sat
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trang ton du. Ty 1€ thay thé nu6e biang ruou nay co thé ndm trong khoang tir 5% ruqu

dén 90% rugu, tot hon 1a tir 35% dén 70%.
Vidu2

Vi du ndy ching minh téc dung bao vé khang vi sinh vat trong twong lai khang
lai vi khudn Staphylococcus aureus gram duong khang methixilin (MRSA) va vi
Khuin Escherichia coli gram am (ATCC 8739) dugc thé hién béi ché pham khang vi

sinh vat theo m{t phuong 4n cua sang ché.

Ché phidm khi trung dugc bao ché chia 250 kDa pDADMAC hoic
pDADMAC ¢6 khéi lugng phan tir cyc cao (1.000.000 g/mol), hdn hop nude-metanol,
titanat, va hat TiO, da chirc nang hoa nhu dugc néu trong Bang 9. Téc d6 tiéu diét va
thoi gian tiéu diét duge bio cdo la sau khi cly vi khuén vao mang 7 ngay tudi. Thir
nghiém vi khudn nay dugc thuc hién béi phong thi nghiém thtt nghiém doc lép,
BioSan Laboratories, Inc. (Warren, MI), va cac két qua d6i v6i mang 4,8K ppm duogc
néu trong Bang 10. Thir nghiém dd bén mé phong theo EPA dugc st dung & ddy bao
gbm 12 1an lau uét va kho luén phién can thiét v6i khéi lugng quy dinh. Vi sinh vat

thu hdi duoc tir mdi miu dugc do sau 5 phut. Cac két qua dugc néu trong Béang 10,

hang 4.
Bang 9
Phan trim d6i véi mang
(ppm)

4,8k ppm 3,2k ppm
Tong lugng chat 16ng
(80% Ha0 va 20% metanol) 500 ml 750 ml
gam PolyDADMAC, 40% chat ran 6 6
Chét rén tinh theo gam 2,4 2.4
Sb gam titanat (LICA™ 09), 5% khoi luong boi 0.12 0.12
monome ’ ’

X : ~ e on : o X =

S4 gam TiO, da chirc nang hoa, 10% khoi luong bdi 0.24 0.24
monome
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Bang 10

% bi tiéu

Vi khudn dugc thir | Vét liéu va/hoge diéu kién thir A .
Logban dau | diéttrong

nghiém nghiém cu thé s Phat
MRSA . 5
(ATCC 33591) Chi c6 pDADMAC MW cuc cao 5,93 x 10 99,83%
MRSA Chi c6 pPDADMAC MW 250.000 3,25 x 10* 89.4%

(ATCC 33591) g/mol

Escherichia coli . .
(ATCC 8739) Chi ¢6 pPDADMAC MW cyc cao | 2,50x 10 99.54%

Escherichia coli Chi c6 pPDADMAC MW cuc cao

\ 5 0
(ATCC 8739) sau thit nghiém 0 bén theo EPA_| 40X 107 | 9970%

Nhu 8 rang tir cac két qua dugc néu trong Bang 10, pPDADMAC khéi luong
phén tr cyc cao rat hiéu qua trong viéc ngén chin sy phat trién trong tuong lai cla ca
vi khudn gram duwong (MRSA) va gram am (E. coli), tiéu diét hon 99,5% trong 5 phut.
Ngoai ra, cac két qua nay dugc do sau giai doan 7 ngay cho thiy ring mang tyu sat
trung ton du khéang vi sinh vt tiép tuc diét vi sinh vt & mic hi¢u qua nay. Hon ntia,
polyDADMAC khéi lugng phan tir cuc cao c6 hiéu qua twong duong trong viéc diét vi
khudn gram am (E. coli) sau thu nghiém do bén theo EPA. Nhu vay, mang ty sat trung
t3n du khang vi sinh vat khong d& bi rira trdi khoi bé mat.

Vidu3

Vi du nay thé hién téc dung béo vé khang vi sinh vét trong twong lai khang lai
virut c6 v6 ngoai cam A (HIN1) (ATCC CCL-34) va virut khong c6 vé ngoai MS2
(ATCC 15597-B1) dugc thé hién béi ché pham khang vi sinh vt theo mot phuong an
ctia sang ché.

Ché phim khir tring chita pDADMAC va/hodc PEL titanat, va tuy y TiO2 dugc
chirc ning héa trong hdn hop nudc-metanol duge bao ché theo Bang 8, 9, hodc 11. Téc
d6 va thoi gian tiéu diét duogc bdo céo 1a sau khi cdy virut vao mang 7 ngay tudi. Viéc
thr nghiém virut dugc thuc hién béi phong thi nghiém thi nghiém doc lap,
Antimicrobial Test Laboratories (Round Rock, TX), va cac két qua dugc néu trong

Bang 12.
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Béang 11
. £ 2 Lz dang téng A
Thanh phin Khoi % (}hat Chat ran H;0 (g) cation da'ng hrong tich dién
lwong (g) ran (2) trong anion chit
trong , n/nt+
H,0 (g) 0 (2) long
pDADMAC 0 40% 0 0 0 00 o262
PEI 08 | 100% 08 30000 08 020
(V]
PAAS 30% 0,21 100,49 0,21
g H,0 dbi véi hon hop Téng lugng 0.8 021 Tdng luong
pDADMAC Polyme dang cation ’ ’ Polyme dang anion
ﬁ&%&?ﬁ - 0 Titanat (%wbtm) 5% 16 s6 giam — 30% theo thé tich
1%;20 doi véi hon hop 300 Titanat (g) 0,0505
%E:O doi véi hon hop 100 Tinh todn theo ppm
R Chét quang xtic tac o
g H,O trong PAA gbp 0,49 (Ywbem) 0% 1,01 X X = 3.6k ppm
Tdng luong chét 16ng 400,49 | Chét quang xic tac (g) 0 280,34 1000
Bang 12
0, 1 0 .
. Vit liéu vi/hode % b1 | o, bitieu | % bitieu | % bitieu | o>
Virut dugc A A s Logban | ti€u in in in tiéu
\ o diéu kién thir \ i diét 10 diét 30 diét 60 A
thir nghiém A 2 dau diét 5 , , , diét
nghiém cu the , hut hut phut o
phut P P 24 gio
, pDADMAC MW
cum A . 4 o o
(HINT) cuc cao/TiO; 4,8x 10 98,2% 99,0%
(Bang 9)
pDADMAC MW
MS2(ATCC | ™ o cao/Tio, | 5,5 x 10° 82,3% 97,8%
15597-B1) (Bing 9)
MS2 (ATCC Chi c6 PEI . | 974 0 0
15597-B1) (Bang 11) 24x10° | "y | 983% | 91%
0,33 PEI/ 0,66
MS2 (ATCC | Dy pvAC/TiOr | 1.9x10° | 202 95,0%
15597-B1) ) %
(Bang 8)

Nhu 18 rang tu cac két qua dugc néu trong Bang 12, cac ché phim khang vi

sinh vét chira pDADMAC va TiO lam tan 98,2% cua log 4 quén thé virut cim A

(HINI) trong vong 30 phut tiép xtac va 99% trong vong 60 phut. Ngoai ra, cac ché

phim khéng vi sinh vat chira PEI tidu diét 97,4% cua log 4 quin thé virut khong c6 vo

ngoai MS2 trong vong 5 phut, va 99% trong vong 30 phut. Bang 12 con cho thdy rang

ché phdm khir tring chira polyDADMAC, TiO», va PEI tr& nén khang virut hon, déc

biét 1 khang MS2 khéng c6 vo, bing cach bd sung 33% PEL Khong ¢6 PEL 82,3%
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duoc tiéu diét trong vong 30 phit, nhung véi 33% PEL 95% dugc tiéu diét trong vong
30 phut. Hon nita, Bang 12 cho thdy ring ché phdm khang vi sinh vét chira
pDADMAC va TiOz chi tiéu di¢t 82,3% virut MS2 khong c6 v6 ngoai trong vong 30

phut tiép xtc, mirc do nay ting 1én dén 97,8% sau 24 gio.
Vidu4

Vi du nay thé hién tac dung béo vé khang vi sinh vt trong tuong lai khang lai
vi khudn Clostridium difficile (ATCC 43598) tao bao tir dugc thé hién boi ché phim

khéng vi sinh vét theo mot phuong an cua sang ché.

Ché phim khang vi sinh vét dugc bao ché chira pDADMAC khéi lugng phan tir
cuc cao, titanat, va TiO2 dugc chitc néng hoa trong hdn hop nudc-metanol nhu duge
néu trong Bang 9. Téc do va thoi gian tiéu diét duge bio cdo 1a sau khi cdy vi khuén
vao mang 7 ngdy tudi. Thir nghiém vi khuan duoc thuc hién béi phong thi nghiém thir
nghiém doc 1ap, Antimicrobial Test Laboratories (Round Rock, TX), va cac két qua

duogc néu trong Bang 13.

Bang 13
C.diff dugc thir Vit liéu va/hodc cac diéu kién Lo ban diu % bi tiéu diét
nghiém thtr nghiém cu thé g trong 8 gi¢
ATC #43598 pDADMAC MW cuc cao/TiO2 6,75 x 10° 98%

Nhu rd rang tur cac két qua duge néu trong Bang 13, ché pham khéng vi sinh vt
chita pPDADMAC khéi lugng phan tir cyc cao va TiO, tiéu digt 98% clia log 5 quén thé
vi khuan Clostridium difficile (ATCC 43598) trong 8 gio.

Vidu5s

Vi du nay chimg minh téc dung béo vé khang vi sinh vat trong trong lai khang
ndm Aspergillas brasliensis dugc thé hién boi ché phim khang vi sinh vt theo mot
phuong an cua sang ché.

Ché phdm khang vi sinh vét chira pDADMAC khdi luong phén tir cyuc cao,
titanat, va TiO2 dugc chuc ndng héa trong hdn hop nude-metanol duge bao ché biang
c4ch st dung cong thitc dugc néu trong Bang 9. Téc @6 va thoi gian tiéu diét dugc bao
c4o 1 sau khi cy nidm vao mang 7 ngady tudi. Thir nghiém ndm dugc thuc hién boi
phong thi nghiém thir nghiém doc 1ap, BioSan Laboratories, Inc. (Warren, MI) va céc

két qua dugc néu trong Bang 14.
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Bang 14
; A ‘A \ - - .« A A o . 0 . 1A . A
Ném duoc thir nghiém Vit li€u Va/hqa{c cac dlezu kién thtr Log ban diu % bi tiéu cy‘e_:t
nghiém cy the trong 8 gio
Aspergillas brasliensis pDADMAC MW cuc cao/TiO2 2,15 x 10* 86%

Nhu 13 rang tir cac két qua duge néu trong Bang 14, ché phim khéng vi sinh vt
chirta pPDADMAC khéi lugng phan tit cyc cao, titanat, va TiO; tiéu diét 86% cua log 4

quan thé ndm Aspergillas brasliensis trong 8 gio.
Vidu 6

Vi du nay ching minh tdc dung bao vé khéng vi sinh vt trong twong lai khang
lai vi khudn Staphylococcus aureus gram dwong khéng methixilin (MRSA) duogc thé

hién boi ché pham khang vi sinh vat theo mdt phuong 4n cua sang ché.

Ché phadm khir tring dugc bao ché theo c4c thanh phan dugc néu trong Bang 9
ngoai trir viéc khong c6 mit titan dioxit. Thir nghiém do bén md phong theo EPA dugc
sit dung & day bao gbm 12 13n lau w6t va kho luan phién cin thiét v6i khéi lugng quy
dinh. Vi sinh vat dugc thu hdi tir mdi mu dugc do sau 5 phut. Céc két qua dugc néu

trong Bang 15.

Bang 15
N Staphylococcus aureus khdng Hoat tinh
Mau methixilin (MRSA) ATCC 33591 | % giam | khang vi sinh
cfu/mau* vat
Dbi ching khong duge xit Iy 1,19 x 10* n/a n/a
3,2k ppm <10 >99,92% >3,08
4,8k ppm <10 >99,92% >3.08

* cfu/mau — don vi tao khuan lac trong mdi mau dugc thu hoi

Vi du nay thé hién su bao vé khang vi sinh vét “tiéu di¢t sau” khang MRSA duogc
biéu hién béi mang dugc tao thanh tir ché phém khang vi sinh vét chua

polyDADMAC, titanat, va chit mang.
Vidu7

Vi du nay chimg minh hoat tinh khang vi sinh vat dugc thé hién bdi ché phim
chita pPDADMAC va chét mang.

Ché phim khéng vi sinh vét dugc bao ché chira polyDADMAC khéi luong
phan tu thip (250.000 g/mol) hodc polyDADMAC khdi luong phan tir cuc cao
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(1.000.000 g/mol) trong hdn hop nudc-metanol (80/20). Ché phdm nay dugc phu 1én
trén phién thiy tinh sach dugc dé kho dé tao ra mang. Strc manh tiéu diét cua mang
polyDADMAC duoc thit nghiém khang Staphylococcus aureus khdng methixilin
(MRSA). Vi sinh vt duge thu hdi tir mdi mau duge do sau 5 phut. Céac két qua duge

néu trong Bang 16.

Bang 16

Khbi lugng Staphylococcus aureus . .

phén tir Miu Khéng methixilin (MRSA) | % giam | % Z“;lhh kl}fng

(g/mol) ATCC 33591 cfu/mAu* V1S ve
Thép Doi chimg khong 1,95 x 107 n/a n/a
(250,000) |- Suge xu Ly

’ 9690 1,64 % 10° 99,16% 2,08

Cuc cao ?ﬁég};ﬂi khong 8,88 x 10° n/a n/a
(1,000,000) ggs3 1,5 x 10! >99,99% 5,77

* ofu/mau — don vi tao cum khuén trong mdi mau dwoc phuc hoi

B4t ngd phat hién ra rang mang dugc tao ra véi polyDADMAC khéi lugng
phan t cyc cao ¢6 hiéu qua cao hon dang k& so véi khéi lugng phén tir thap hon
(250.000 g/mol) khi ti¢t di€t vi khuén gram duong va vi khuin gram am. Nhu dugc
thiy trong Bang 16, sau 5 phut tiép xtc véi log 7 quén thd MRSA, mang MW 250.000
g/mol chi tao ra hoat tinh khang vi sinh vat bang 2,08. So sanh véi mang MW
1.000.000 g/mol tao ra hoat tinh khang vi sinh véat béng 5,7, tuc 1a, nhiéu hon gép doi,
bang céach st dung lugng polyme gidng nhau trong ting truong hop. Tin rang su khic
biét vé toc do tidu diét ciia polyDADMAC khéi lugng phén tir thip hon so véi
polyDADMAC khdi lugng phan tir cao hon ¢ thé 13 do céc khac biét trong viéc tao
mang ma khong phai 12 do cac khéc biét & mét do dién tich.

Vidu 8

Vi du nay thé hién qua trinh tao ra mang tu sat trung ton du trén vai dét voi ché
phim khang vi sinh vat theo mot phuong 4n cua sang ché.

Ché phdm khéng vi sinh vat dudi dang PEC chtra 6.000 ppm pDADMAC, 1500
ppm axit polyacrylic, 400 ppm titanat, va 0,1% khdi luong/khbi luong hat TiO, da
chirc ning hoa dugce bao ché. Ché pham nay dugc sir dung trong chu trinh gidt vai va
sau d6 dugc thir nghiém vé tinh khang vi sinh vét bang cach st dung phuong phép thir
nghiém 100 theo Hiép hoi héa chit dét nhuom My (AATCC), duge thiét ké dé danh
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gia hiéu qua cta thanh phim khang vi sinh vét trén vai dét. Thr nghiém nay ching

minh ring ché phim gbc polyme c6 thé 1am tan 99,58% cua log 4 quin thé MRSA trén

véi sau 4 gio (Bang 17). Trong khi AATCC khong cu thé hoa tiéu chuan, phuong phap

thtr nghiém tuong tu, ISO 20743, dé nghi mirc gidm 1a 2-Logio hodc 99%.

Béang 17
X Giam theo
.. L. Ty 1€ phan tram .
V} sml} .Thoh Loai chdt | Tiép xtc CFU/Chét | giam so véi dbi L(;).gw S0 VOl
vat thtr | gian ti€p s doi chung &
. , mang LUX mang chimng & thoi NP
nghiém xuc i A thoi diem
i€ém khong khon
. g
Thoi boi
diém ching vi n/a 3,95E+04
S, aureus khong hba n/a n/a
ATCC Y
33591 chim ~ 1500 5,70E+04
(MRSA) 4 gio cac chgu lux
NS 1,65E+02 99,58% 2,38
ky gidt 0

Ché phidm khang vi sinh vét tha

hai chtta 4000 ppm PEI, 2000 ppm

poly(acrylamit-co-dialyldimetylamoni clorua), vd 25 ppm PEI mach nhénh dugc

carboxyl hoa trong chit mang dugc bao ché va c6 do pH bang khoang 6. Ché phdm

nay duge st dung trong chu trinh giat vai va sau do6 dugc thir nghiém vé tinh khéang vi

sinh vét trong cac didu kién giéng nhu trén. Céc két qua duge tom t4t trong Bang 18.

Bang 18
Vismhvat | Logichit | 0L | Crujchg | Phantrameiim - Giam os s
thir nghiém mang gian ticp mang SO Vol (:1‘91 chung | Va1 Ao Chung o
' xuc & thoi diém khong | thoi diém khong
L. 1x Thoi
oL ‘ﬁl,‘;ng didm | 4,10E+05 n/a n/a
savas | 0| o,
3592 | Chépham | 10Phit | 9,10E+04 77.8% 0,65
(MRSA) | khéngvi | 20phit | 6,15E+03 98,5% 1,82
sinhvat 730 ohge | 3,11E+03 99,2% 2,12
Vidu 9

Vi du nay chimg minh tac dung bao vé khang vi sinh vat khang lai E. coli dugc

thé hién béi ché phdm khéng vi sinh vét chira titanat.
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Ché phim chtra titanat trong nuée duge phit 1én phién thuy tinh. Phién d3 dugc
phu dugc dé yén cho kho trong 5 ngdy, va sau do phién nay dugc chy log 6 quan thé E.
coli. Mang titanat tinh khiét gy ra tic dung tiéu diét 88,72% sau 24 gio, nhu dugc
thdy trong Bang 19.

Bang 19
Miu Escherichia coli % oidm Hoat tinh khéng vi
ATCC 8739 cfu/mfu* | & sinh vat
Do ching khong duge >5,08 x 106 n/a n/a
xu ly
9853 5,73 x 10° >88,72% >0,95

* cfu/mau — don vi tao khudn lac trong mdi mau dugc thu hoi
Vidu 10

Vi du ndy ching minh tic dung khang vi sinh vat cla ché phim sat trung tay

theo mot phuong 4n cua sang ché.

& nhiét do trong phong, 4000 ppm PEI mach thing trong nudc dugc khudy
manh dé tao ra thé phan tan PEL Trong khi khudy manh, PEI trong thé phén tdn sau do
dugc proton hoa bang axit xitric, nhd d6 tao ra 4o pH bang 6 va tao ra chét 16ng trong
sudt. Chét long trong subt nay sau do dugc dua dén nhiét @o 70°C. Etanol va 1,2-
propandiol sau d6 dugc phun mu vao dé duy tri nhiét do cua chét 1éng trong subt &
nhiét d6 65°C. Han hop trong subt dugc gidm nhiét dé tranh ruou bay hoi qua nhiéu va
sau d6 duogc khudy trong i thiéu 4 gio trong khi duge phu. Hdn hop dé tron 14n thu
duoc chira 4000 pm PEI mach thing, khong dugc bién doi hoa hoc, 72% etanol, 5%

1,2-propandiol, 0,25% theo khdi lugng axit xitric, va nuéc can bang.

Hoat tinh ctia ché phém st trung tay khang céc virut khong c6 vo ngoai 1a phu
hop véi ASTM E 1052-96 (2002) (“Standard Test Method to Assess the Activity of
Microbicides against Viruses in Suspension”). Biéng cach st dung thir nghi¢ém nay, ché
pham sat tring tay lam bét hoat MS2 (dai dién cho céac virut khong c6 vo ngoai) voi
mirc giam 99,9% (log 3) trong vong 60 gidy tiép xtic. Hoat tinh ciia ché phdm sat tring
tay khang MRSA (vi khuén gram duong) va E. coli (vi khuén gram 4m) 1a pht hop véi
ASTM E 2315. Ché phim st tring tay lam bét hoat cé hai vi khuén v6i mic gidm
99,999% (log 5) trong vong 30 gidy tiép xtc. Céc két qua ciia cac thtr nghiém nay
duge tom tit trong Bang 20.
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Bang 20
‘ Thir nghiém Phén trim b tiéu diét | Phan trim bi tiéu diét
Mam bénh han dicﬁ trong vong ;%O gidy tiép | trong vong ?0 gidy tiép
puly XUC
MS2 (dai dién cho
virut khong c6 vo ASTM 99,7% 99,9%
. E2315
ngoai)
ASTM E-
MRSA 1052-96 99,999% 99,999%
. ASTME- o
E. Coli 1052-96 99,999% 99,999%
Vidu 1l

Vi du nay thé hién qué trinh tbng hop céc hat TiO2 duge chirc nang hoa theo

mdt phuong an cla sang che.

Céc hat TiO, dugc chirc ndng hoa bang cach st dung phuong phép sau. Bét dau
bang 1g TiO; duge tbng hop pha 16ng 20 nm dugc pha thém vonfram, 5 g ure dugc bd
sung vao, va hdn hgp ndy dugc nung trong 40 phut & nhiét do 400°C dé thu dugc
NTiOy. NTiO; sau d6 dugc nghidn thanh bdt min, ma dugc bd sung 10 g bi nghién cho
mdi gam NTiO; cong thém ure 10%. Hon hop nay dugc nghién trong 30 phut & tdc do
300 vong/phut. Sau 30 phat, 200 mL nudc dugc bd sung vio, va hdn hop nay dugc
nghién thém 5 phut nira. Hon hop da dugc nghién sau d6 dugc chiéu anh sang UV 160
W. Sau 1 gid, hdn hop nay dugc gan va dugc ly tam va 0,5 mM thube nhudém duge bd
sung trong bong t8i. Hon hop nay duge gan mot 1an nita va duoc ly tAm, sau d6 nudc

duoc bd sung thém mot 1an nita.

T4t ca céac tai liéu tham khao, bao gdm cic cong bd don, don sang ché, va
patent, dugc trich din & day duoc két hop & day bing cach vién din dén cing mot
pham vi nhu 1a mdi tai liéu tham khao dugc chi ra riéng 1€ va cu thé dé duoc Két hop

bang cach tham chiéu va dugc néu toan bd & day.

Viéc stir dung céc thuét ngit s6 it va “it nhat mot” va cac dang tham chiéu tuong
duong trong ngit canh mo ta sang ché (dic biét trong ngit canh céc diém yéu cau bao
ho sau day) dugc hidu 13 bao gdm ca s6 it va sb nhiéu, trir khi dugc chi ra khic di &
day hoic dugc chi ra ngugc lai mot cach 13 rang boi ngit canh. Viéc st dung thuat ngir

“it nhat mot” sau d6 1a danh sdch mot hodc nhiéu muc (vi dy, “it nhat mot trong so6 A
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va B”) dugc hiéu c6 nghia 1a mot muc duge chon tir cadc muc duge liét ké (A hoac B)
hoic t& hop bat ky ciia hai hogc nhidu hon hai muc dugec li¢t ké (A va B), trir khi duge
chi ra khac di & dy hoic dugc chi ra nguoc lai mot cach rd rang béi ngit canh. Thuét
ngit “gdm,” “c6,” “bao gbm,” va “chira” dugc hiéu 13 céc thuat nglt khong han ché
(tirc 14, nghia 1a “bao gbm, nhung khong chi giéi han 8,”) trir khi c6 quy dinh khéc.
Viéc trich dan cac khoang gia tri ¢ ddy chi dugc dy dinh c6 tac dung nhu la phuong
phéap tdc ky dé dé cap riéng 18 dén timg gia tri riéng & nam trong khoang nay, trr khi
duoc chi ra khac di ¢ day, va mdi gié tri riéng r& duogc két hop vao ban md ta nhu 1a né
duoc trich dan riéng 1& & day. T4t ca cac phuong phap dugec mo ta & déy co thé dugc
thuc hién theo thir tu thich hop bét ky trir khi dugce chi ra khéc di ¢ day hodc néu
khong thi rd rang dugc chi ra ngugc lai boi ngir canh. Viéc sir dung bat ky va tit ca cac
vi dy, hodc ngdn nglt minh hoa (chﬁng han “nhu”) néu & day, dugc du dinh la chi
nhim minh hoa tét hon cho sang ché va khong nhdm gi6i han pham vi clia sing ché
trir khi duoc yéu ciu khéc di. Khong co tir ngit ndo trong ban md td nén dugc hiéu 1a
chi ra thanh phin khong dugc bao ho bét ky 1a thiét yéu dbi v6i viée thyc hanh sang

ché.

Céac phuong an dugc wu tién theo sang ché nay dugc mo ta ¢ day, bao gbm cich
thire t6t nhit da biét dbi véi céc tac gia sang ché dé thyuc hién sang ché. Cac bién thé
clia cac phuong an dugc uu tién nay co thé tré nén o rang ddi véi ngudi ¢o hiéu biét
trung binh trong linh Vuc nay khi doc ban mo6 ta trén day. Cac tac gia sang ché mong
doi 12 ngudi c6 chuyén mon s€ st dung cac bién thé nay mot cach thich hop, va céc tac
gia sang ché dy dinh 13 sang ché dugc thyuc hién khac véi nhu duge md td cu thé & day.
Do d6, sang ché ndy bao gbm tht ca cac cai bién va dang twong duong cla dbi tuong
dugc trich din trong cac diém yéu ciu bao h¢ di kém & day nhu dugc cho phép bédi
luat ap dung. Ngoai ra, sy két hop bét ky cla cac yéu t6 duge mo ta trén ddy trong tht
ca cac bién thé c6 thé c6 ctia n6 nim trong pham vi clia sing ché trir khi dugc chi ra
khéc di & dy hodc theo cach khéc, dugce chi ra ngugc lai mot cach rd rang bdi ngir

canh.
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YEU CAU BAO HQ
1. Ché phim khéng vi sinh vét chira:
(a) polyetylenimin (PEI) mach thing, khong bién ddi vé mit hoa hoc, dang
cation,
(b) it nhit mdt chét tang cudng bam dinh c6 it nhét mt nhém chirc ¢6 luc hut
va0 bé mit ciia nén ngoai trr da ngui,
(¢) tiy ¥ hat hitu co va/hodc vO co c6 hoat tinh quang xUc tac trong anh sang

nhin thdy, va
(d) chat mang,
trong do
c4c thanh phan ctia ché phim khong duoc lién két cong hoa tri v6i nhau.

2. Ché phim khang vi sinh vt theo diém 1, trong d6 ché phdm nay con bao gbém
polyme dang cation dugc chon tir nhom bao gém mudi polydialyldialkylamoni, mudi
acryloxyalkyltrialkylamoni, mudi vinylphenalkyltrialkylamoni, mudi
acrylamidoalkyltrialkylamoni, poly(muéi acrylamit-co-dialyldialkylamoni), polyme
gbc polyetylenimin, chitosan tiry ¥ két hop véi polyme dang anion, va két hop cla
chung.

3. Ché phém khéang vi sinh vt theo diém 2, trong d6 mudi polydialyldialkylamoni néu
trén 13 polydialyldimetylamoni halogenua, va halogenua nay 1a clorua, florua, anion

chtra clorua, anion chtra florua, hodc két hop cua ching.

4. Ché phdm khéng vi sinh vt theo didm 3, trong d6 halogenua 12 clorua hodc anion
chira clorua.

5. Ché phdm khéng vi sinh vt theo didm bt ky trong sé céac diém tir 1 dén 4, trong do
it nhat mot chét taing cuong bam dinh duge chon tr nhom bao gﬁ‘)m titanat, PEI mach
nhanh hoic mach thing dugc carboxyl héa, hop chét silan, copolyme khéi dang cation,
polyme chua it nhit mot nhém axyl, nhém axit carboxylic, hodc din xuét axit
carboxylic, va két hop ciia chiing.

6. Ché pham khéng vi sinh vat theo diém bt ky trong sé cac diém tir 1 dén 5, trong do

hat hitu co va/hodc vo co c6 hoat tinh quang xtc tac trong anh séng nhin thiy c6 mit
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va dugc chon tir nhém bao g@)m graphen, g-C3Ny, oxit kim loai chuyén tiép, sulfua kim
loai chuyén tiép, selenua kim loai chuyén tiép, chét nhay thuéc nhudm, polyme lién
hqp,khnloaiquy,véhﬁnlungcﬁachﬁng.
7. Ché phdm khéng vi sinh vt theo diém bat ky trong sé cac didm tir 1 dén 6, trong d6
hat hitu co va/hodc v co c6 hoat tinh quang xuc tac trong anh sang nhin thay c6 mit
va 14 hat TiO; pha thém W va N da dugc thuy phan dudi anh sang cuc tim (UV).
8. Ché pham khéng vi sinh vt theo didm bét ky trong s6 cac diém tir 1 dén 7, trong d6
ché phdm khang vi sinh vt nay khong chira kim loai khang vi sinh vét hodc hop chét
sat trung phan tr nho.
9. Ché phdm khang vi sinh vét theo diém bt ky trong sé cac didm tir 1 dén 7, trong d6
ché phim khang vi sinh vat nay con chira it nhét mot hop chét sat tring phan tt nho.
10. Ché phim khang vi sinh vét theo diém bit ky trong sé céc didm tir 1 dén 9, trong
d6 ché phdm khang vi sinh vat ndy con chra mot hodc nhiéu polyme khdng phai chét
dién phan.
11. Ché phim khang vi sinh vét theo diém 10, trong d6 mot hodc nhiéu polyme khong
phai chéit dién phan néu trén bao gdm polyvinylpyrolidon.
12. Phuong phép tiéu diét vi sinh vt trén bé mit bao gdm budc phu 1én bé mit nay
ché pham khang vi sinh vét theo diém bét ky trong s cac didm tir 1 dén 11.
13. Phuong phép theo diém 12, trong d6 chit mang bay hoi dé lai mang tu sat trung
tdn du trén bé mit.
14. Phuong phéap theo diém 13, trong d6 mang ty sét trung tdn du nay tao ra cho bé
mit nay tinh khang khudn, tinh diét virut, va/hodc tinh st trang.
15. Phuong phéap theo diém 14, trong d6 mang tu sat tring tdn du néu trén tiéu diét
mot hodc nhiéu trong s6:

(i) it nhat 95% cta log 5 quin thé vi khudn Staphylococcus aureus gram duong
khang methixilin (MRSA) trong vong 30 phut tiép xuc;

(ii) it nhét 95% cua log 5 quin thé vi khuan Escherichia coli gram am (ATCC
8739) trong vong 30 phut tiép xtic;
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(iii) it nhét 95% cta log 4 quin thé virut c6 v6 ngoai cim A (HINI) (ATCC
CCL-34) trong vong 60 phut tiép xuc;

(iv) it nhét 95% virut khong c6 v ngoai trong vong 30 phut tiép xtc; va/hoic

(v) it nhét 75% ciia log 4 qudn thé vi khuan Clostridium difficile (ATCC 43598)
trong vong 24 gio tiép xuc.
16. Phuong phéap theo didm 15, trong d6 virut khdng c6 vo ngoai néu trén la MS2
(ATCC 15597-B1).
17. Phuong phép tiéu diét vi sinh vt trén bé mit bao gdm budc phu 1én bé mit nay
ché phdm khang vi sinh vét chira mudi polydialyldialkylamoni c6 khéi luong phan ti
Cuc cao va chét mang,

trong do

mdi nhém alkyl 1a gidng nhau hodc khac nhau va la nhém ¢6 1 dén 6 nguyén tit
cacbon mach théng hodc 3 dén 6 nguyén tr cacbon mach nhénh, va mubi nay chtra

anion dugc chon tir halogenua, anion chira halogenua, sulfat, va phosphat, va

khdi lugng phan ti trung binh s6 ctia mudi polydialyldialkylamoni nim trong
khoang tir 800.000 g/mol dén 20.000.000 g/mol.
18. Phuong phéap theo diém 17, trong d6 ché pham khéng vi sinh vét néu trén con chira
polyetylenimin (PEI) mach thing, khong bién dbi v& mit hoa hoc, dang cation.
19. Phuong phéap theo diém 17 hodc diém 18, trong d6 ché phim khang vi sinh vat néu
trén con chira hat hitu co va/hodc vo co ¢ hoat tinh quang xtc tic trong anh sang nhin
thiy.
20. Phuong phép theo diém 17 hoic 18, trong do ché phdm khéng vi sinh vat néu trén
khong chira hop chét sat trung phan tr nho.
21. Phuong phap theo diém bat ky trong sé cac didm tir 18 dén 20, trong d6 chat mang
bay hoi dé lai mang tu sét tring tdn du trén bé mit.
22. Phuong phap theo diém 21, trong d6 mang tyr sat trung ton du néu trén tiéu diét
mdt hodc nhiéu trong sd:

(i) it nhit 95% cua log 5 quin thé vi khuén Staphylococcus aureus gram duong

khang methixilin (MRSA) trong vong 30 phut tiép xc;
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(ii) it nhét 95% ciia log 5 quén thé vi khudn Escherichia coli gram 4m (ATCC
8739) trong vong 30 phut tiép xuc;

(iii) it nhét 95% ctia log 4 quin thé virut c6 vo ngoai cim A (HINT) (ATCC
CCL-34) trong vong 60 phut tiép xic;

(iv) it nhét 95% virut khong c6 v6 ngoai trong vong 30 phut tiép xuc; va/hodc

(v) it nhat 75% ciia log 4 quin thé vi khuan Clostridium difficile (ATCC 43598)

trong vong 24 gio tiép xtic.
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