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TOM TAT
Nano sat hoa trj 0 c6 thé xi Iy mgt céch c6 hi¢u qua nhiéu logi chdt 6 nhiém khac nhau trong

mdi truong, bao gom cac hop chat hitu co chira clo, kim logi nang va mot so chat vé co khac. Viée
ket hop thém 1 xtc tac kim logi véi sat nano da cho thay hiéu qua xu 1y chat 6 nhiem, dac biet la
cac hop chat hitu co khé phan hity (POPS) tang lén dang ké. Cac phuwong phdp tong hop nano bén
ving, than thién véi méi truong ngay cang dwoc quan tam. Mot phuwong phdp sir dung cac logi hda
chdt khéng dgc hai, dung moi than thién véi méi trong, quy trinh don gian, 1a sir dung dich Chlét
tur la tra xanh trong dung méi nudc da dioc tién hanh trong nghién ciu nay dé tong hop mét sé to
hop nano kim logi hoa tri 0. Cu thé, t6 hop nano lwong kim Fe/Ni, Cu/Ni da duwot tong hop. Trong
dé, khoi heong nano I§im logi dwoct tao thanh nhiéu nhat & t7 1é mol muéi sat/kim logi ther 2 1a 3:1.
Dieéu kién toi wu de tong hop vat liéu la: thoi gian 12 h, nhiét dg 50 °C, pH trung tinh.
Tir khoa: Téng hop xanh; Nano ludng kim; Polyphenol; Dich chiét 14 tra xanh.

1. MO PAU

O nhiém méi truong, dac biét 1a 6 nhiém cac hop chét hiru co kho phén hiy nhu DDT, lindane,
dioxin,... 1a mot vin dé nong can giai quyét tai Viét Nam ciing nhu trén thé gidi. Viéc xur 1y chét 6
nhiém bing céng nghé, vat liéu thich hop, tiét kiém chi phi, khong gy 6 nhidm thtr cip 1 xu
huéng duge nhiéu nha khoa hoc quan tdm. Do c6 dic tinh cho electron va khir nhidu chét 6 nhiém
v6i te do cao, sat nano (nZVI) dugc sir dung dé xir ly nhiéu chat 6 nhiém trong moi truong. Sat
nano c6 thé di vao trong dat bi 6 nhidm, trdm tich va ting ngdm nudc. Cac chat 6 nhiém ma sit
nano c6 thé xir Iy bao gdm céac hop chit hitu co chira clo, kim loai ning va cac chét vo co khac [1].

Dbi voi dan xuét cia halogen, co ché xir Iy phé bién 14 dua trén phan Gng khir tach clo ra khoi
phén tr va chuyén hoa ching thanh cac san pham it ddc hon, sau do6 loai bo ra khoi méi truong
bang cac bién phap xir Iy khac nhau. Cac nghién ciru vé anh huong cua viéc sir dung thém xuc
tac kim loai (vi dy nhu palladium, niken, bach kim, bac) véi sat hoa trj 0 da tang dang ké trong
thoi gian qua. T6 hop nano ludng kim c6 16i nZVI (can chi thich & 1an dau tién) va dugc pha boi
xUc tac kim loai 1am ting cuong toc d phan tng khir (hinh 1).
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Hinh 1. Co ché khir clo ciia nZVI (a) va nZVM (b).
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Hién nay, dé tong hop nano sat (nZVI) hay t6 hop vat liéu nano trén nén sat (nZVM) c6 thé
sir dung nhiéu phuong phap khac nhau nhu vat 1y, hoa hoc, hoa ly. Tuy nhién, cac phuwong phap
nay ton kém va st dung cac chit khir doc hai nhu hydrazine, natri borohydride..., hat nano sau
tong hop dé bi oxy hoa va két tu [2]. Viéc sir dung dich chiét thuc vat dé tong hop nZVI hoic
nZVM c6 thé giai quyét duoc van dé trén. Mot s6 bao céo di chi ra rang, polyphenol trong dich
chiét tir céc loai thuc vat khac nhau 1a chat khir quan trong dé tong hop céc hat nano [1].

Thanh phan polyphenol trong 14 tra xanh (Camelha sinensis) rat da dang, nhung thanh phan
chu yéu bao gém céc flavonoid va tanin. Cac polyphenol nay chiém khoang 13-35% trong lugng
ché khé, thich hop dé lam chét khir trong tong hop nano kim loai, déng thoi cdu tric cua
polyphenol ciing c6 kha ning ding lam chat on dinh kich thudc va bao vé cAc hat nano sau qué
trinh khur [3].

Céc nghién ctu st dung dich chiét tir cac loai thuc vat tng dung trong linh vuc tong hop hda
hoc xanh 1a mét linh vuc méi mé va chua c6 nhiéu nghién ciru, da phan tap trung vao ché tao vat
li¢u nano don kim cua bac, dong va danh gia hoat tinh khang vi sinh vat [4 + 7]. Mot s6 nghién
ctru ciing chi ra rang, viéc st dung cac hat nano ludng kim cho két qua xu Iy méi truong tét hon
s0 Vi nano don kim. Trong nghién ciru ndy, chdng ti bao co két qua tong hop hat nano ludng
kim loai trén nén sét sir dung dich chiét 14 ché xanh va khao sét ciu trdc cua vat lidu hinh thanh.

2. THUC NGHIEM VA PHUONG PHAP NGHIEN CUU

2.1. Hoa chat, dung cu, thiét bj

Hoa chat: FeS0,4.7H,0 (99%, Trung Quéce); Fe2(SO,)s (98 %, Trung Quée); CuS0O,4.5H,0 (99
%, Trung Qudc); NiSO4.6H,0 (98 %, Trung Qudc), 14 tra xanh (Viét Nam) va mot sé hoa chat
théng dung khac.

Thiét bi: Can dién tir Ohaus PA2102 (My); micropipette; may khudy tr Velp ARE (Y); thiét
bi do pho nhiéu xa tia X D8-ADVANCE (Bruker, Dirc); thiet bi UV-Vis Spectrophotometer
Halo RB-10 (Dynamica Scientific Ltd., Anh); thiet bi SEM-EDX (SM-6510LV, Jeol, Nhat Ban);
thiét bi do pH SevenCompact pH meter S220 (Mettler Toledo).

2.2. Phwong phap ché tao vt liéu nano lwdng kim

- Chuan bj dich chiét 1 tra: Lé tra tuoi dwoc mua vé, loai bo canh thira va I4 b dap nat, sau do
dugc ngdm 30 phut trong nwdc sach, rira sach bang nudc may va dem phoi kho tu nhién. Khi l4
da kho, dem sdy & nhiét o (60 + 65) °C dén khéi luong khong ddi trong thoi gian 10 gio. L4 sau
khi sdy dugc nghién min biang may Jiasound cong suat 3000 W trong 2 dén 4 phat thanh dang
bot min. Cho 20 g bot tra vao 1.000 mL nudc deion. Tién hanh dun hoi luu hdn hop & nhiét do
94 -+ 96 °C trong cac thoi gian 2 h, 4 h, 6 h hoac u véi nude da duoc dun sdi ¢ 100 °C trong cac
thoi gian 8 h, 10 h, 12 h. Loc dich chiét bang giay loc Whatman, thu phan dich loc.

- Hoa tan mot luong nhat dinh hdn hop mudi kim loai Fe, Cu, Ni theo ty I¢ mol Fe/Cu va
Fe/Ni tuong umg la 1:1, 3:1, 5:1 trong 20 mL nuéc deion, thém 100 mL dich chiet tra xanh dugc
chuan bi ¢ trén, tiép tuc khuay hon hop trong thoi gian 1 h, 2 h, 4 h, 6 h, 8 h & nhiét d6 phong,
diéu chinh pH trong khoang 2-10, nhiét d6 40 °C, 50 °C, 60 °C. Hn hop sau khudy dugc dé yén
trong 24 h, sau do ly tam thu duoc két tia. Sy kho & nhiét do 50 °C dén khdi luong khong doi
va bao quan trong binh hat am.

2.3. Phwong phap danh gia dic trung caa dich chiét 1a tra xanh

- Po pH: Gia tri pH cta dich chiét la cay dugc do 3 1an, lay gia tri trung binh.

- Mau séc, mui: Xac dinh bang cam quan va danh gia theo TCVN 3218:2012.

- Tong polyphenol: Tong polyphenol trong dich chiét duoc xéac dinh theo TCVN 9745-1-2013
(150 14502-1-2005). Cac polyphenol trong dich chiet duoc xac dinh bang phuong phap do mau
dung thudc thi Folin-Ciocalteu. Pha lodng dich chiét tra xanh téi nong d6 thich hgp. HGt 1,0 mL
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dich chiét pha lo&ng vao céc dng nghiém, thém 5 mL thudc thir Folin-Ciocalteu 10%. Han hop
duoc lic bang may Vortex truéc khi thém 4 mL dung dich Na,COs 7,5%. Dé hdn hop chit long
& trang théi tinh trong 60 phut ¢ nhiét do phong, sau d6 phén tich do hap thu quang & budc séng
765 nm. Ham luong polyphenol duoc biéu dién theo miligam duong luong acid gallic trén mdi
gam chat kho (mg GAE/g, dugc quy doi ra %).

Bdng 1. Két qua xay dung dirong chuan axit gallic.

Nong do acid Y =
gallic 0| 20 40 60 B0 | 200 | 120 | oo o 62
(ng/mL) R?=0.9967
Abs 0 | 0312 | 0624 | 0793 | 1,122 | 1,409 | 1,646 !

2.4. Phwong phap danh gia dic trung cua vat li¢u nano ludng kim

- Phuong phap pho hong ngoai (FT-IR): Dugc ghi trén thiét bi Affinity-1S (Shimadzu
Corporation, Nhat Ban), cho biét thong tin ve nhém chirc ¢6 mat trong phan ti.

- Phuong phép nhiéu Xa tia X (XRD): Pugc danh gia trén thiét bj (D8-ADVANCE, Bruker,
brc), cho biét thong tin vé cau trac tinh thé caa vat liéu.

- Phuong phap kinh hién vi dién tir quét phat xa truong (FE-SEM): Duoc danh gid trén thiét
bi S-4800 (Hitachi, Nhat Ban), dung dé xac dinh hinh thai hoc cta vat liéu.

- Phuong phap pho tén sic ning luong tia X (EDX): Pugc dénh gia trén thiét bi SEM-EDX
(May SEM: SM-6510LV, Jeol, Nhat Ban ket hop véi dau do EDX: X-Act, Oxford Instrument,
Anh), dung dé xac dinh thanh phan nguyén to.

3. KET QUA VA THAO LUAN
3.1. Panh gia dic trung caa dich chiét la tra xanh

Pénh gia bang cam quan, dich chiét tra & dang long c6 mau vang ddm, mui thom dac trung
cua trd. Gia tri pH dao dong trong khoang 5,28 dén 5,42.

Két qua xac dinh ham lugng tong polyphenol dugc thé hién ¢ bang 1.

Bdng 2. Khdo sat thoi gian va phwong phdp chiét tra toi wu.

STT Tén dich Phwong phap Thoi gian Ham luwgng polyphenol theo
chiét tra chiét chiét (gio) khdi lwong khd (%)
1 BotL1 Pun véi nude 2 7,104
2 Bot L2 Pun véi nude 4 7,283
3 Bot L3 Pun véi nude 6 7,485
4 Bot L4 U vé6i nudc 8 6,327
5 Bot LS U véi nude 10 6,856
6 Bot L6 U vé6i nudc 12 7,193

Két qua cho thay, phuong phap dun véi nudc co higu suit chiét cao hon phwong phép u véi
nuéc va thoi gian chiét ngan hon. Phan tram luong polyphenol theo khéi lugng khd cao nhat &
thoi gian chiét 6 h bang phuong phap dun véi nude ¢ nhiét do 94 + 96 °C, dat gid tri 1a 7,485%.

3.2. Khio sat cac yéu té anh hwong téi kha ning tao thanh vat liéu nano lwdng kim
3.2.1. Anh huong cua ty 1¢ kim logi

Két qua khao sat ty 18 tao thanh nZVM & hinh 2 cho thdy, & ca 3 loai nZVM duogc nghién ciu
déu cho két qua ty 18 toi wu caa mudi kim loai (sit, dong) va mudi niken 1a 3:1. O ty 18 nay, khbi
lwong san pham tao thanh cua ca 3 loai nZVM 14 16n nhét, voi nZVI/Ni tir mudi sét (11) 1a 0,205
g; nZVI/Ni tir mubi sat (111) 12 0,187 g va NPs Cu/Ni 12 0,147 g.

Tap chi Nghién ciru KH&CN qudn su, 85 (2023), 65-72 67




Hoa hoc & Moi truong

mTil 1/1
mTile3/1
Tilé 5/1

_ 025

Khéi luong (g
o o
o9 i o
o= 01N

o

nZVI/Ni nZVI(I/Ni  NPs Cu/Ni mTile7/1
tir Fe (II) tir Fe (I11) = Tile 9/1
Loai nZVM

Hinh 2. Khdo sét t7 1¢ toi wu dé tong hop nZVM.
3.2.2. Anh huong cua thoi gian phan ing
Hiéu suat tao thanh hai loai nZVI/Ni tir muoi sat (1) va muoi sit (III) c6 xu huéng tang nhe
trong khoang thoi gian phan g tir 2 h dén 12 h va dat cuc dai ¢ thoi gian phan tng 12 h véi khoi
lugng san pham nZVI/Ni tee muoi sat (I1) va muoi sat (111) lan luot 1a 0,267 g va 0,277 g. Doi véi
NPs Cu/Ni, thoi gian phan ng t6i vu dé tong hop la 10h, cd khoi lugng 14 0,189 g (hinh 3).
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Hinh 3. Khdo sat thoi gian toi wu tong hop nZVM.
3.2.3. Anh huwéng cia pH
Anh huéng cia pH dén qué trinh tong hop xanh vat ligu st nano bang dich chiét thuc vat
lodng cling da duoc nghién ctru. Trong moi truong tong hop axit, vat licu nano kim loai tao thanh
bi hoa tan lai ;hénh dang sat héa tri 2, 3 nam trong dung dich dan den luogng nano kim loai tong
hop dugc la rat it. Con véi méi truong tong hop 1a bazo (pH = 10), khoi lugng ket tua thu dugc
la 16n nhat, tuy nhién, thuc t€ ket tua thu duoc c6 ca nZVM va dang hydroxit do phan ng cua
muoi kim loai \(éri ion OH". Do do, lya chon moi truong trung tinh dé tong hop t6 hop vat liéu
nano kim loai bang quy trinh tong hop xanh dich chiét thuc vat.
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Hinh 4. Khdo sét pH toi wu dé tong hop nZVM.
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3.2.4. Anh hwong cua nhiét do phan ing

Hinh 4 md ta két qua thi nghiém khao séat nhiét do phan ang ché tao 3 loai nZVM trong
khoang nhiét d6 tir 10 °C dén 60 °C. Nhiét do téi wu dé tong hop 2 loai nZVI/Ni tir mudi sat (11)
va mudi sat (111) 1a 50 °C, c6 khdi lwong san pham 16n nhat lan Iuot 14 0,241 g va 0,218 g. Déi
v6i NPs Cu/Ni, hiéu suit tong hop tiang dan theo nhiét do trong khoang tir 20 °C dén 60 °C, dat
khdi lwong san pham Ién nhat ¢ 60 °C 120,170 g.

0.3
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Hinh 5. Khdo sét nhiét dg toi wu dé tong hop nZVM.
3.3. Nghién ciru cAu tric va dic trung ky thuat caa vt liéu nano kim loai héa tri 0 tir dich
chiéet Ia tra xanh
3.3.1. Két qud danh gid cdu tric cia hat nano Fe/Ni tong hop tr mudi sat (11)
Két qua danh gia ciu triic cua hat nano to hop Fe/Ni tir mudi sat (I1): Cu triic cua hat nano
Fe/Ni dugc thé hién trong hinh 6.

IMS-NKL 5.0kV 5.8mm

Hinh 6. Ddc tinh cua hat nano Fe/Ni tgo thanh tir mudi sdt (11):
Phé SEM (a), ET-IR (b), XRD (c) va EDX (d).
Két qua SEM (hinh 5a) cho thdy, cac hat nano Fe/Ni duoc tao thanh c¢6 dang hinh cau, kich
thudc twrong doi dong déu, phan Ion trong khoang (15 + 20) nm. Trén pho hong ngoai (FT-IR)
(hinh 6b), bang song hip thu xuit hién & 3333 cm™ (chan rong) dic trung cho dao dong héa tri
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ciia nhom chic —OH; cac biang song hap thu & 2976 cm™ va 2902 cm™ dic trung cho dao dong
hoa tri cua lién két —CH no; mot sé bang song xuét hién ¢ 1614 cm™, 1579 cm™ dic trung cho
dao dong hoa tri cua lién két C=C thom; dic biét bang song hap thu manh & 1068 cm™ dic trung
cho dao dong hoa tri cua lién két C-O-C ether, thé hién rang bé mat caa san pham dwoc bao boc
bai cac thanh phan polyphenol ¢6 trong dich chiét tra xanh. Pac biét, peak ¢ viing 500-600 cm™
dic trung cho lién két Fe-O chung minh cho su twong tac giita Fe va cac thanh phan hiru co nay.

Trén phd XRD (hinh 6¢), khong c¢6 dinh peak nao dugc tim thiy 12 hoan toan phu hop voi
mot sé nghién ciu vé t6 hop nZVI cua mot sb tac gia khac [4, 9]. Piéu nay ching to, san pham
tao thanh la loai hat nano Fe/Ni & dang v6 dinh hinh. Desalegn, B. va cong su vao nam 2019 da
giai thich rang, c6 thé 1a do sy ving mat cua cac cAu trdc tinh thé co trat ty va ban chat cua hat
tao thanh ton tai ¢ trang thai vo dinh hinh, trong d6 di c6 su két hop giira sat va cac nhom chic
cua polyphenol [8].

Trén pho EDX (hinh 6d) cho thay, bén canh céc peak Fe, Ni con xuét hién cac peak c6 cuong
d6 cao & C, O, ¢6 kha nang 1a ctia nhém chixc C=0 cuia polyphenol, trong khi peak ¢ S 1a tir mudi
FeSO, va NiSO, dugc su dung dé tong hop nén san pham.

3.3.2. Két qud ddanh gid cau tric cia hat nano Fe/Ni tong hop tir mugi sat (111)

IMS-NKL 5.0kV 5.8mm x150k SE(M) ST 500nm

FHONG HOA PHAN TICH

Hinh 7. Bdc tinh cua hat nano Fe/Ni tgo thanh tir mugi sdat (111).

Hau hét cac hat nano Fe/Ni c6 kich thuéc nam trong khoang (15 = 30) nm, dugc thé hién qua
anh chup SEM (hinh 7a).

Trén phé FT-IR (hinh 7b) Xuat hien cac bang song hap thy dac trung tu’orng tu nhu vat liéu tao
thanh tu sat (1), bao gom 3331 cm’ (VOH chan rong)s 2974 cm?, 2902 cm’ (VCH no), 1614 cm?
1452 cm’ (vc —C. thom), 1068 cm’ (vc o-C, ether), ChINg to rang, bé mat san pham duogc bao boc b0’|
cac polyphenol trong dich chiét tra xanh. Dac biét, peak & viing 500-600 cm™ dic trung cho lién
két Fe-O ching minh cho sy twong tac giita Fe va cac thanh phan hitu co nay.

Trén phé XRD (hinh 7c) va két qua EDX (hinh 7d) c6 su twong dong véi hat nano Fe/Ni
dugc tong hop tir mubi sat (11), phd XRD khong c6 dinh peak 16 rang nao dugc tim thay, chang
t6 hat nano Fe/Ni dugc tong hop tir mudi sat (111) & dang vé dinh hinh, trong khi két qua EDX
(hinh 7d) c6 xuét hién peak cua Fe, Ni, C, O, S.
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3.3.3. Két qua ddanh gid cdu tric cua hat nano Cu/Ni

88918 —
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N

Hinh 8. Két qud nghién cizu cau tric cia hat nano Cu/Ni.

Két qua chup SEM cua hat nano Cu/Ni (hinh 8a) cho thay cac hat c6 kich thudc nam trong
khoang tir (30 = 150) nm. Phé IR cua san pham (hinh 8b) co cac peak twong dong véi hai san
pham & 2 muc trén do sy xuat hién cua thanh phan polyphenol, cu thé gdm céc peak: 3305 cm™,
2976 cm™, 2902 cm™, 1614 cm™, 1068 cm™ lan luot thé hién cho su c6 mat cia cac nhém O-H,
C-H, C=C thom, C-O-C.

Phd XRD (hinh 8c) xuat hién peak & 26 = 43,30 dic trung cua Cu, chirng té sy c6 mit cua
Cu & trong san pham. Két qua EDX (hinh 8d) cho thiy, c4c peak xuat hién dic trung cho céac
nguyén té Cu, Ni, C, O, S, thé hién rang san pham c6 chua lién két C=0, S tir goc SO, cua
mubi sunfate.

4. KET LUAN

Luong polyphenol theo khéi lwong khd cao nhat 1a ¢ thoi gian chiét 6h biang phuong phap
dun vdi nude vai nhiét do (94 — 96) °C, dat gia tri 1a 7,485%. Vat liéu nano Fe/Ni, Cu/Ni da
dugc téng hop tir mudi kim loai voi dich chiét 14 tra xanh. Trong d6, khéi lugng nano kim loai
duoc tao thanh nhiéu nhit & ti 16 mol mudi sat/kim loai ther 2 1a 3:1. Biéu kién tdi uu dé tong hop
vat liéu 1a: thoi gian 12 h, nhiét do 50 °C, pH trung tinh. Anh SEM cua 3 loai vat liéu cho thay t6
hop vt liéu nano ludng kim c6 ciu tric dong déu, kha ning phan tan tét. Didu nay ciing phu hop
V6i cac nghién ctru trude da chi ra rang, polyphenol trong tra xanh c6 thé bao quanh va bao vé
nano kim loai khoi bi oxy héa. Qua trinh téng hop don gian, trai qua it giai doan, nguyén vat liéu
than thién véi moi trudong, khong gy 6 nhiém thir cap. Pay 1a mot loi thé cua viéc tong hop vat
liéu nano tir dich chiét thuc vat so vai viéc sir dung NaBH,, 1a mot hop chit doc hai, gay hai cho
moi truong khi st dung.

Loi cam on: CAc tac gid tran trong cdam on s hé tro kinh phi cia Bé tai nghién ciru dinh hudéng cho
can bg tré nam 2021 thugc Vién Cong nghé méi/Vien KH-CN quéan siz.
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ABSTRACT

Green synthesis of bimetallic nanoparticles from green tea leaf extract

[4].

el

[5

—

Zero-valent iron could effectively treat many different types of pollutants in the
environment, such as chlorine organic compounds, heavy metals and some other
inorganic substances. The combination of a metal catalyst with iron was increased the
efficiency of pollutant removal, especially persistent organic compounds (POPs).
Sustainable, environmentally friendly nanosynthetic methods were gaining more and more
attention. In this sutdy, a method using non-toxic chemicals, environment-friendly
solvents, simple process was described. Bimetallic nano materials Fe/Ni, Cu/Ni were
synthesied by using green tea leaf extract in water solvent. In which, the mass of metal
nanoparticles was formed the most at the second iron/metal salt molar ratio of 3:1. The
optimal conditions for the synthesis of materials were: 12 h time, 50 °C temperature,
neutral pH.

Keywords: Green synthesis; Bimetallic nanoparticles; Polyphenol; Green tea extract.
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