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NGHIEN CUU CHE TAO BOT NANO KHANG KHUAN AGZRP
BANG PHUONG PHAP THUY NHIET
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TOM TAT

Vit liéu nano khang khudn Silver Zirconium phosphate (AgZrP) da duwoc tong hop
thanh cdng bang phirong phép thiy nhiét. Két qud cho thdy cac mdu bét da bdt dau hinh
thanh pha tinh thé AgZrP ¢ nhiét @ 180°. Hinh thai va thanh phan héa hoc da dicoc kiém
tra bang kinh hién vi dién tir quét phat xa trirong (FESEM) va phé tan ndng leong (EDS).
Mode dao dgng lién két bé mat ciia mdu da duwoc phan tich théng qua pho hong ngogi (FT-
IR). Céc thong sé cong nghé da durpc Xac dinh dé tong hop bét nano khang khudn AgZrP,
bao gom nhiét dg, nong dé tien chdt va thoi gian nung. Bét thu dwoc c6 kich thuréc trung
binh khoang 50nm véi kha ndng khang khudn E.coli rdt cao > 99,99% sau 8 gio tiép xdc.

Tir khoa: Khang khudn, AgZrP, thiy nhiét, Ecoli, bgt nano.
DOI: https://doi.org/10.70117/hdujs.72.03.2025.790

1. PAT VAN BE

Bac tir lau da duoc biét tai 12 mot chat diét khuan hiéu qua va duoc sir dung dé 1am
céc dung cu sinh hoat. S& di nano bac dwoc nghién ciru tng dung vao viéc khang khuan vi
bac la kh&ng sinh tuy nhién va khong gay tac dung phu. Tur khi cong nghé Nano ra doi thi
ing dung cua bac méi phét trién 1én mot tam cao méi. Nano bac khdng gay phan tng phu,
khong gay doc cho ngudi va vat nudi khi nhidm lugng nano bac bang nong do diét khuan
(khoang ndng d6 < 100ppm). dang phan tan véi kich thudc nanomet thi kha nang diét
khuan ciia bac duoc tang Ién gap boi nhd dién tich bé mat riéng (m?/g) tang nhanh. Nghién
ctru da chi ra rang khi o kich thudc nano (tir 1 - 100 nm), hoat tinh sat khuan ciaa bac ting
Ién khoang 50000 lan so véi bac dang khéi, nhu vay 1 g bac Nano cd thé sat khuan cho
hang traim m? chat nén. Piéu nay sé& gidp cho khdi lwong bac sir dung trong cac san pham
s& giam rat manh nén ty trong cua bac trong gia thanh tré nén khong dang ké [1-6].

Véi kha nang khang khuan tuyét voi nano bac sé giir cho bé mat khong bi nhiém
khuan ciing nhu tiéu diét nAm méc lam tang tinh thAm my va tudi tho cong trinh. Bi véi
c4c loai san pham st dan dung thi bot nano khang khuan dugc tron véi men va phun phu ra
ngoai bé mat tao san pham st khang khuan [7-9].
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Vi san pham bot nano AgZrP (silver zirconium phosphate) trén nén tinh thé
zirconium phosphate ¢ mang cac hat nano bac c6 kha niang khang khuan cao véi cac loai
khuan E.coli, chung S.typhi ( gay bénh thuong han) va chung vi khuan B.cereus (gy ra
bénh tiéu chay, ngo doc thuc pham) (kha ning khang khuan >999%). Bot nano khang khuan
la san pham thuong mai trén thi truong thé gisi véi hau hét cac wng dung trong céc san
phdm nhu nhya, str, may loc khong khi... [10-13].

Céc vat liéu chua bac dugc st dung trong cdc nganh cong nghiép khac nhau va trong
céc hoat dong hang ngay cua con nguoi vi tac dung khang khuan manh caa ching di voi
cac loai vi khuan khac nhau. Trong c&c nghién ctu vé vat lieu khang khuan chua bac,
nhiéu chit mang la cac hop chét vo co, chiang han nhu zeolite, zirconium photphate, silica
huyén phu, titanium dioxide va hydroxyapatite, da dwoc phét trién nho nhitng vu diém vé
tinh dn dinh héa hoc, tinh tuong thich sinh hoc va tac dung lau dai cua chung. So vai cac
vt liéu khang khuén hitu co truyén thdng, co ché diét khuan cua céc vat liéu chira bac cua
cac hop chit vo co nay ddi véi vi sinh vat da duoc nghién cau mot phan. Cac nghién ciu
da chi ra rang, su twong tac manh mé giita cac ion bac va nhém thiol ciia cac enzym quan
trong, 1am cho vi sinh vat khéng hoat dong [14]. Mét co ché khéc lién quan dén viéc tao ra
cac loai oxy phan ng boi cac té bao [15], gay ra qua trinh oxy hoa cac ion bac trong moi
truong nudc dan dén pha v cac té bao. Nhiing treong hop nhu vay da tap trung vao qua
trinh giai phong céc ion bac tir cac hop chét vat liéu vd co chta bac trong dung dich nudc
vé hiéu qua khang khuan [16-18]. Tuy nhién, hiéu qua khang khuan khong phu thudc voi
lugng ion bac duoc giai phong, theo bdo cdo cua Ahemd et al. [19]. Do do, tAc dung khéng
khuan cua cac ion bac lién quan dén cac vat liéu nén vo co chaa bac can duoc nghién ciu
thém mot cach ky ludng.

2. PHUONG PHAP NGHIEN CUU
2.1. Hoa chat

Bot nano AgZrP duoc tong hop bang phuong phap thuy nhiét co sir dung cac hoa
chat dau vao véi do tinh khiét cao (Sigma- Aldrich Co.) nhu Zirconyl chloride
octahydrate (ZrOCI,.8H,0), Diammonium phosphate ((NH4);HPO,), Silver nitrate
(AgNO3), Amonia solution 25% (NHs) duoc can theo ti 18 cong thirc tong quat 1a AgyHs.
«Zr(PO4); hay AgZrP.

2.2. Quy trinh téng hop

Quy trinh téng hop vat liéu nano AgZrP bang phuong phap thuy nhiét duoc thyc
hién theo trinh tu cac budc & hinh 1. Cac cong doan chinh bao gom:

Hoa tan riéng r& cac mudi ZrOCl,.8H,0, (NH,),HPO, va AgNO; vao nudc cit theo
ti 1€ khao sat;

Khudy tron déu céc dung dich ZrOCl,.8H,0, (NH4),HPO,, AgNOs cho vao binh
thiy nhiét;

Két thic mdi qua trinh thuy nhiét loc hit 1dy san pham, sy kho cho kiét nudc san
pham & nhiét @6 80 - 100°C trong vong 24 gio;

Nghién min san pham AgZrP sau khi di duoc lam ngudi.
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Hinh 1. Quy trinh ché tao bt nano AgZrP bing phwong phap thiy nhiét

Cu thé trong noi dung nghién ctru ndy, ching tdi da khao sat cac yéu td ndng do tién
chat [Zr], [P] va [Ag'] ¢6 anh hudng nhu thé ndo dén cau trdc pha tinh thé, hinh théi, kha
ning khang khuan cua vat liéu dugc tong thay d6i ty 18 cac tién chat
ZrOC|28H20/(NH4)2HPO4/A9N03

[Zr]: ndng &6 mol hop chat ZrOCl,.8H,0 sir dung
[P]: ndng do mol hop chat (NH4),HPO, sir dung
[Ag']: ndng @6 mol hop chat AgNOs st dung

2.3. Cac phuong phap phéan tich

Do tinh khiét pha ctua cdc miu mang nén AgZrP di duoc phan tich bang may do
nhiéu xa tia X(BRUCKER D8 Advance XRD) va btric xa CuKa (Brucker D8 Advance)
trong khoang 26=10+50°. Hinh thai bé mit, kich thudc trung binh va thanh phan nguyén té
ctia vat liéu dugc Xac dinh bang céach sir dung kinh hién vi dién tir quét mdi truong (FE-
SEM, JEOL, JSM-7600F) duoc trang bi phd phan tan ning luong. Cac lién két hoa hoc bé
mat dugc phan tich trén thiét bi IR-Prestige-21 (Shimadzu). Kiém tra kha ning trc ché vi
khuan ciia nano AgZrP bang phuong phép dém khuan lac Escherichia coli (ATCC25922)

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Pic tinh cau trac

Anh huong cua nhiét do dén cau tric pha cua vat liéu

Chat lwong ciia pha tinh thé caa vat liéu AgZrP phu thudc rat rd vao yéu té nong do cua

CAC tién chat ban dau trong qué trinh tong hop. Két qua khao sat pha tinh thé ciia cac mau duoc

61



TAP CHi KHOA HQOC TRUONG PAI HOC HONG PUC - SO 72C (03.2025) p-1SSN 3030 - 4628
e-1SSN 3030 - 4636

tdng hop Véi cac diéu kién thanh phan hop chat ban dau ([Zr]/[P] 1a 3:4 va [Ag*] = 5% mol
duoc tong hop bang phwong phép thuy nhiét & cc nhiét o khac nhau: 140°C - 280°C thé hién
dudi hinh 2.
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Hinh 2. Phé XRD cac miu AgZrP (5%mol [Ag*] dwec tdng hep & céc ty Ié [Zr]/[P] 3:4
dugc nung é nhiét d twong ng (140°C - 280°C)

Qua phd XRD cuaa cac mau dugc tong hop cho thay tai cac nhiét do 140°C va 160°C
chua hinh thanh pha tinh thé AgZrP (hay c6 thé ndi cau trdc tinh thé & dang vo dinh hinh)
va tir diéu kién nhiét do tong hop 180°C cho céu trac don pha AgZrP (silver zirconium
phosphate) wng véi goc nhiéu xa cuc dai tai 20 = 20,24°; 23,47°; 28,16; 31,10° twong ng
véi cac mat tinh thé (110); (113); (115); (116) dang dic trung cau tric khung lap phuong
theo thé chuan JCPDS sb 38-0004 [20].

Qua trinh hinh thanh don pha AgZrP c6 thé duoc giai thich qua cac phan ung sau:

Giai doan 1: Hoa tan hai mudi thanh dang dung dich dién ra theo phan ang (1), (2)

ZrOCl,.8H,0 + H,O0 —* ZrOCl;, + 9H,0 (1)
(NH4);HPO, —»  NH;H,PO, + NHj; 2

Giai doan 2: phan ng tao thanh mudi cua hop chat Zirconium phosphate theo

phan tng (3)
2ZrOCl; + 3NH4H,PO, —»  NH4Zrp(PO4)3 + 2NH,CI + 2HCI + 2H,0 (3)

Giai doan 3: hinh thanh tinh thé Zirconium phosphate duéi téc dung caa nhiét do
theo cac phan tng (4)

NH4ZF2(PO4)3 —> Hng(PO4)3 + NH; (4)

Giai doan 4: hinh thanh tinh thé AgZrP (Silver zirconium phosphate hoic silver load
zirconium phopshate) thdng qua phan tmg trao doi ion theo phuong trinh (5)

XAgNO;:, + HZfz(PO4)3 —» Angl.erg(PO4)3 + XHNO; (5)
(AgxH1xZr2(PO4)s hoac AgZrP - silver zirconium phosphate)

Anh huong cua nong do tién chat dén cau truc pha cua vdt liéu

Chat luong cua pha tinh thé cua vat lieu AgZrP phu thudc rét rd vao yéu td nong do
cua cac tién chat ban dau trong qua trinh tong hop. Két qua khao sat pha tinh thé cua cac
mau dugc tong hop Vai cac didu kién ty 1& mol cac thanh phan hop chét ban dau ([Zr]/[P]
la 2:4; 3:4; 4:4) va [Ag*] = 5% mol duoc tong hop & nhiét dd 200°C thé hién dudi hinh 2.
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Qua phé XRD cua cac mau dugc tdng hop & cac cau tir khac nhau cho thay voi ty 18
[Zr]/[P] & céc ty 18 1a 3:4 va 1:1 cho céu tric don pha AgZrP (silver zirconium phosphate)
g véi goc nhidu xa cuc dai tai 20 = 20,24°; 23,47°; 28,16; 31,10° twong tNg V4i cac mat
tinh thé (110); (113); (115); (116) dang dic trung cau tric khung lap phuong theo thé
chuan JCPDS s6 38-0004.
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Hinh 3. Phé XRD cac miu AgZrP (5%mol [Ag*] dwec tdng hep & céc ty & [Zr]/[P] 1a 2:4;
3:4; 4:4 ¢ nhiét dp 200°C

Quaé trinh hinh thanh don pha AgZrP c6 thé duoc giai thich qua cac phan ang tir (1)
dén (5) dé tao thanh hop chat don pha (AgxH1,Zr2(POs)s hogc AgZrP - silver zirconium
phosphate nhu da trinh bay & trén.

Véi cac ty & con lai, cac mau cho thiy con xuat hién pha ZrP,O theo thé chuan
JCPDS 85-0896 (Zirconium pyrophosphate) [21] ¢ cing cac diéu kién ché tao vé [Ag*] va
nhiét d6 nung diéu ndy co thé giai thich thdng qua phan tng hoa hoc (6).

ZrOCl;, + 2NH4H,PO4 — ZrP,07 + 2H,0 + 2NH;3 + 2HCI (6)

Qua khao sét trén, ty 1& ndng do tién chat da dugc xéac dinh ¢6 anh huéng dén cau tric
hinh thanh pha caa vat lidu. Véi ty 1¢ tién chat [Zr]/[P] 1a 3:4 va 4:4 s& hinh thanh san pham
don pha AgZrP. Do d6 chang t6i Iyra chon ty 1é tién chét [Zr]/[P]: & 3:4 cho c&c nghién ctu vé
anh huong [Ag*] c6 anh huong nhu thé nao dén ciu tric tinh thé cua vat liéu hay khong.

Anh huéng ciia nong @é [Ag*] dén cau tric pha ciia vit liéu

Hinh 4 trinh bay két qua nhidu xa tia X cua cac mau AgZrP duoc tong hop ¢ nhiét
d6 200°C va [Zr]/[P] 1a 3:4 véi cac ty 1é [Ag*] khac nhau. Két qua cho thay, tt ca cac mau
déu don pha AgZrP va ndng d6 cua [Ag*] khdng lam anh huong dén ciu trdc hinh thanh
pha. Pay ciing chinh 1a yéu t6 cong nghé dé lya chon giai phap hop ly cho tng dung lam
vt liéu khang khuan.

AgZrP
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Hinh 4. Phé XRD cac miu AgZrP dwoc tong hop & cac ty 18 [Zr]/[P] 14 3:4 véi cac [Ag']
(2% - 5% mol) & nhiét d 200°C
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3.2. Pic tinh bé mit va lién ké hoa hec

Véi cac phép phan tich FTIR cho phép biét dugc cac lién két hod hoc cua cac
hguyeén tir, phan ti trong vat liéu dong thoi cling ho tro cac phép phan tich khac dé khang
dinh chinh x&c cac tinh chat caa vat liéu AgZrP.

AgZrP
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1 650
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Hinh 5. Phé FTIR cac miu AgZrP (5%mol [Ag'] dwec téng hep & cac ty 1& [Zr]/[P] 3:4
dugc téng hep ¢ nhiét dd twong ing (140°C - 280°C)

Ngoai cac kiém tra danh gia cau tinh thé vat lidu thi két qua phan tich pho FTIR
cling bd sung cho céc khang dinh cac miu bot c6 ding thudc dang vat liéu zirconium
phosphate hay khong thdng qua cac lién két phan tir trong phd FTIR. Trén hinh 5 the hién
phd FTIR cac mau AgZrP duoc tong hop ¢ cac diéu kién nhiét do khac nhau va nong do
[Ag*] 12 5% véi [Zr]/[P] 1a 3:4 déu cho thay c6 két qua twong ddi gibng nhau. T4t ca cac
mau déu cho thay sy ton tai cia cac mode dao dong P-O tai s6 séng 1004 nm va mode dao
dong O-P-O tai s6 song 650 nm diéu ndy chang to su ton tai cuia nhém phosphate c6 trong
mau. Cong thém vao d6 tai s6 song 520 nm duogc cho 1a ¢6 lién quan dén mode dao dong
cua lién két Zr-O [22]. Két qua phan tich cac mau phd FTIR cho thiy hoan toan phu hop
véi cac két qua phan tich X-ray, qua day c6 thé nhan dinh thém rang cac diéu kién ché tao
mau 1a pht hop va nong do cia [Ag*] khéng lam anh hudng dén cau tric tinh thé ciing nhu
lien két hoa hoc trong vat liéu zirconium phosphate.

3.3. Hinh thai va thanh phan nguyén té caa vat liéu

Hinh 6 cho biét két qua anh FESEM cho thiy tit ca cac mau duoc tong hop bang
phuong phap thuy nhiét & cac nhiét do khac nhau c6 kich thudc twong d6i déu nhau, kich
thudc hat trung binh cia cac mau khoang 50 nm, bién hat rd rang va dang hinh cau. Két
qua kich thudc hat nay cho thay khé tring hop véi két qua tinh toan bang phan tich X-ray,
phan tich FESEM c”yt&én

Hinh 6. Anh FESEM cac mau AgZrP (5%mol [Ag’] dwgc tong hep & cac ty 1¢ [Zr)/[P]
3:4 (a-h) dwoc téng hep & nhiét dp twong @ng (140°C ; 160°C; 180°C; 200°C;220°C;
240°C; 260°C; 280°C)
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Element Weight% Atomic%
oK 32.20 64.64
PK 17.24 17.88
ZrL 44.49 15.67

AgL 6.07 1.81

ull Scale 7401 cts Cursor: 11.783 keV (22 cts)

Hinh 7. EDS miu AgZrP véi [Zr]/[P] 1a 3:4 va 5% mol [Ag'] dwgc téng hep & 200°C

Dé kiém tra kha nang ion Ag+ c6 mat trong vat liéu Zirconium phosphate va thanh
phan cé4c hoa hoc trong c6 trong cac mau tong hop dua trén phan tich EDS. Trén hinh 7 thé
hién AgZrP dugc tong hop & 200°C véi [Ag*] 1a 5% mol va [Zr])/[P] 1a 3:4 cho thay céc
mau téng hop chi xuét hién cac nguyén té Ag, Zr, P va khéng xuat hién nguyén t nao la
khac. Piéu nay da minh chang rang cac mau vat liéu cho d¢ tinh khiét cao va két qua nay
tuong ddi phil hop véi cac phép

3.4. Pic tinh khang khuan cia vat ligu

Dua vao cac két qua phan tich XRD, FESEM, EDS, FTIR chung toi da lwa chon
mau san pham nano AgZrP véi cac diéu kién [Zr]/[P] 1a 3:4 va duoc tong hop bang
phuong phép thuy nhiét & 200°C va ¢ cac nong do [Ag'] khac nhau dé nghién ctu kha
nang khang khuan encoli cua vat liéu.

Pé xac dinh kha ning diét khuan caa dung dich nano AgZrP véi cac khuan encloli
(loai khuan dién hinh) [23], tién hanh cho dich nano AgZrP cac nong do téng hop caa
[Ag*] khac nhau khuan tiép xtc khuan encoli & céc thoi gian khac nhau Oh, 2h, 8h va 24h
va quan sét su phat trién caa khuan encoli trén dia thach.

3.5x10°
1 AgZrP
3.0x10°
— 2.5x10°
1 —=— (0%
g 2.0x10° +(1o/n;
= 1 —a— (2%)
2 1.5x10° —— (3%)
- p— — 0
S 1.0x10° (40/0)
S —— (5%)
=
= s.0x10°
0.0 | 3
0 4 8 12 16 20 24
Time (h)

Hinh 8. Kha ning khang khuin encoli cac mau AgZrP dwoc tong hop & céc ty 18 [Zr]/[P]
3:4 & cac ndng dd [Ag+] & nhiét dp 200°C
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Hiéu suat diét khuan cua dung dich nano AgZrP ddi véi vi khuan E. coli tir nong do
[Ag*] tir 1-5% mol trong 2h tiép xdc lan luot la 96,43%; 97,79%; 98,44%:; 96,26%;
99,44% (hinh 8). Vi thoi gian tiép xuc dai tir 8h hiéu suét diét khuan E. coli > 99,99% va
24h 1a gan nhu 100%. Hinh 8 thé hién kha ning diét khuan encoli cua vat liéu AgZrP véi
céc ndng do [Ag*] khéc nhau.

4. KET LUAN

i ché tao thanh cong bot nano khang khuan AgZrP bang phuong phép thuy nhigt véi
cac thong sb cong nghé nhu: [Zr]/[P]= =3/4, [Ag] 1a 5% mol va nhiét do téng hop 1a 200°C.
San pham bot c6 do tinh khiét cao véi cau trac don pha hexagol dac trung cua tinh thé véi
kich thuéc hat trung binh tir 50-100nm. Hiéu suét diét khuan cua dung dich nano AgZrP ddi
vé6i khuan E. coli tir ndng do [Ag'] tir 1-5% mol trong 2h tiép xic lan luot 1a 96,43%;
97,79%:; 98,44%: 96,26%; 99,44%. V/¢i thoi gia tiép xic dai tir 8h hiéu suét diét khuén E.
coli > 99,99% va 24h 1a gan nhu 100%. Cac két qua trén cho thdy tiém ning ung dung cua
vat liéu nano AgZrP lam vat liéu khang khuan trong thoi gian téi ¢6 tinh kha thi cao.
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INVESTIGATION AND FABRICATION OF ANTIBACTERIAL
NANO POWDER AGZRP USING HYDROTHERMAL METHOD

Luong Thi Kim Phuong, Cao Xuan Thang, Le Thi Giang, Le Viet Bau, Nguyen Le Thi,
Trinh Thi Huyen, Vu Van Tung

ABSTRACT

Antibacterial nanomaterial silver zirconium phosphate (AgZrP) has been successfully
synthesized by hydrothermal method. The results show that the powder samples began to
form the AgZrP crystal phase at a temperature of 1800C. The morphological properties and
chemical composition were comprehensively examined by a field emission scanning electron
microscope (FESEM) and energy-dispersive spectroscopy (EDS). The surface bond
vibration mode of the sample was analyzed through Fourier transform infrared spectroscopy
(FT-IR). Technological parameters were determined to synthesize AgZrP antibacterial nano
powder, including temperature, precursor concentration and annealing time. The resulting
powder has an average size of about 50 nm with very high antibacterial ability against
E.coli bacteria >99.99% after 8 hours of contact.

Keywords: Antibacterial, AgZrP, hydrothermal method, Ecoli, nanopowder.
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