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TOM TAT

Bai bao trinh bay viéc diéu ché cac hat nano bac (Ag NPs) bang phuong phéap khii—bao vé hoa
hoc. Qua trinh nay dugc thuc hién trong pha nudc vaéi hdn hop bao gém silver nitrate (AgNO3),
hydroxypropyl methylcellulose (HPMC), sodium borohydride (NaBHj) va hydrazine (HaN-NH,). Ag
NPs sau khi t6ng hop dugc khao sat bang kinh hién vi dién tir truyen qua (TEM) va quang phd tur
ngoai-kha kién (UV—-Vis). Két qua anh TEM cho thdy Ag NPs c6 dé tinh khiét cao véi kich thudc
20—50 nm. Dung dich Ag NPs hédp thu UV—Vis manh trong viing budc séng 420 nm va cé mau nau
den dudi anh sang kha kién. D6 6n dinh clia dung dich Ag NPs dugc duy tri sau thai gian bao quan
60 ngay. D6 dan ctia dung dich Ag NPs phu thudc vao néng dé ion Ag™ ban déu ctia AgNO3, ham
luong chat bdo vé HPMC, loai chat khii, moi trudng va ca thd tu st dung chat khir trong qua trinh
téng hop. Tiép dén, dung dich Ag NPs dugc pht tao mang trén dé gidy. D6 day clia mang thu
dugc khoang 49,2 um theo két qua phan tich tir kinh hién vi Leica 2500 DM va d6 dan dién dugc
khao sat bang phuong phap bén mai do. Mang cé kha nang dan dién va lam sang dén LED khi st
dung ngudn dién mot chiéu 9 V. Cac két qua trén cho thay Ag NPs dugc ché tao cé tiém nang Uing
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dung lam muc dan dién trong cac thiét bi dién tir déo.
Turkhoa: Hat nano Ag, khir héa hoc, vat liéu dan dién, phuong phap bén mai do

MG PAU

Cong nghé in phun (Inkjet printing) hién nay dang
dugc nghién ctiu rong rai d€ ché tao céc linh kién
cung céc thiét bi trong linh vuc dién t&. Nguyén ly
ctia ky thuét nay dya trén qua trinh ling dong céc hat
vat liéu véi cac tinh chit dién mong muén trén mot
dé nén, tiép dén la ché tao d€ nén thanh cac linh kién
dan dién trong céc thiét bi nhu pin quang dién (pho-
tovoltaic celles), diod phat quang (LEDs), mang ban
dan hiiu cg, man hinh hién thi,... > Nhiing uu diém
ctia cong nghé in phun cé thé ké dén nhu quy trinh
ché tao don gian, chi phi thép, lugng vét liéu du thiia
thai ra it va c6 kha nang tuong thich v6i kha nhiéu dé
nén>=>, Dic diém ctia qua trinh 13 myc luu trit trong
hop muc sé dugc phun ra mot lugng chinh xac qua
céc dau phun®. Diéu nay gitp cho ky thuat nay rit
hiiu hiéu cho qu4 trinh ché tao cac mach thiét bi linh
kién dién td, cdm bién va céc vat liéu in khic so véi
cac phuong phap thong dung trudc day, thi du nhu
pht giot (drop casting) hodc dép khuon (stamping).
Mot trong nhiing thanh phin quan trong nhét trong
codng nghé in phun dién td 1a vat liéu dan dién. Mot
s6 loai vat liéu dan dién da dugc nghién ctu, nhu

9-11 graphene !>13, cic

2,15

polymer din dién”%, carbon

hgp chit co kim !4, tién chat kim loai va cac hat

nano kim loai '°. D&i v6i polymer dan dién, carbon
va graphene thi d6 dan dién (thuong 1a 10 dén 102
S.cm~!) nhd hon rit nhiéu so véi do din cta kim
loai (thuong la 10* d&én 107 S.em~1) 7. Khi st dung
cac hgp chit co kim hodc tién chat kim loai c6 nhugc
diém 1a phai xt ly nhiét (> 250°C) dé kht céc tién
chét kim loai, nén khong thich hop d€ in trén chét
nén 1 cac loai polymer c6 kha ning chiu nhiét thép.
Hién nay cdc hé huyén phu ctia cac hat nano kim loai
dugc xem la Ging ct vién trién vong nhit. Huaman va
cong sy '® da thuc hién viéc tdng hgp muc din nano
déng c6 d6 dan dién gin bang véi kim loai dong (Cu)
& dang khéi. Puong kinh nano Cu phan tan trong
muc khodng 10,5 nm va d¢ da phan tan c6 gid tri thap.
Hai yéu ciu co ban d€ tdng hgp thanh cong muc in
loai nay 14 hat nano kim loai phai cé kich thuéc nho,
khoéng 10 nm va 6n dinh trong mdi trudng oxy hda.
Trong s6 cac hat nano kim loai, bac (Ag) van la mét
trong nhiing lya chon t6t nhét d€ ing dung 1am muc
dan dién so vdi céac vat liéu khéc, do tinh dan dién va
nhiét ctia Ag cao, bén héa hoc, gia thanh tuong déi
thép (so véi vang hodc graphene) cung kha ning dan
dién cua ca dang oxide?3. Ngoai ra, cac hat nano bac
(Ag NPs) c6 nhiét d60 ndng chay thép, diéu nay thuin
1gi cho viéc tao ra cdc mang mong dan dién trén cac
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dé nén, thi dy nhu polymer va cic loai gidy >'*, vén
6 kha néng chiu nhiét thdp. Trong linh vuc ché tao
muc in trén nén Ag NPs, hai yéu t6 rdt quan trong
quyét dinh dén chit lugng muc in la d6 bén phan
tan cao ciing kha nang dan dién t6t & nhiét do thap®.
Cé nhiéu phuong phdp khac nhau dé t6ng hop va én
dinh Ag NPs nhim ting dung trong linh vyc myc dan
dién. Ag NPs c6 thé dugc ché tao vé6i cac ndng do,
hinh thai, kich thuéc va hinh dang khéc nhau tuy vao
phuong phap tng hop?!. Trong s6 d6 phé bién nhit
14 cdc phuong phép khii hoa hoc, khit dién hoa, khii
quang héa, b6c bay nhiét va ki thuit polyol 22726, Cac
phuong phap trén dugc st dung rong rai nho cac uu
diém la gid thanh ré, thuin tién va c6 thé ché tao &
quy mo 16n. Tuy nhién nhugc diém ctia cac quy trinh
nay la stt dung cac chat khi hitu co va vo co khong
than thién v6i moi truong va gay doc hai cho con
ngudi %%, Ngoai ra, mét kho khin niia 1a qud trinh
kiém soat s phan bd kich thudc ctia Ag NPs, dic biét
14 6 n6ng d) cao. Hon niia, sy két tu ctia Ag NPs trong
muc dan dién sé lam gidm chét lugng ctia muc mot
cich dang k& DE kiém soat kich thudc ctia Ag NPs
va cai thién d6 phén tan t6t hon, mot lugng tuong déi
16n hgp chit bao vé, thudng dugc thém vao phan ting
trong qud trinh t6ng hop. Diéu ndy can tré ddng ké
tinh linh dong cta cac dién ti gitia Ag NPs va lam
tang chi phi san xuat.

Xudt phat tif y tudng téng hgp mot loai vat liéu cé tinh
chét tuong tu nhu muc viét dong thoi khi kho c6 kha
néing dan dién, Ag NPs dugc tdng hgp bing phuong
phép khtt héa hoc, st dung hop chit bao vé Ag NPs
la hydroxypropyl methylcellulose (HPMC). Tiép dén,
vat liéu Ag NPs dugc khao sat kha ning din dién trén
dé gidy, v6i dinh hudéng st dung dé vé mach dién hoic
lam 16p pht d€ do cac vét liéu ban dan. Ag NPs dugc
téng hgp & cac nong do tién chit Ag va hop chét khi
khéc nhau. Hinh thai va kich thuéc hat thong qua anh
TEM, phé hép thu UV-Vis, 46 dan dang dung dich,
dién trg ctia vat liéu sau khi tao mang dugc khao sat
béng phuong phép bén mii do va ldp mach dén LED.

VAT LIEU VA PHUONG PHAP

Vat liéu

Hydroxypropyl methylcellulose (HPMC, Hi90SH)
dugc cung cép badi hiang Shin-etsu (Nhat Ban), véi
cac thong s6 ky thuat nhu sau: P nhét ctia dung
dich 2% (khoi lugng) 1a 100.000 mPa-s (cps), do tai
20°C, cting d6 thay thé ctia thanh phan methoxyla 1,4
va hydroxypropyl 1a 0,2. Hydrazine (dung dich 50%)
cung tién chit ctia Ag 1a AgNO;3 déu 1a dang thuong
mai, ¢ xudt xt ti Trung Qudc. Sodium borohydride
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(NaBHy) 1a héa chit tinh khiét dugc mua tit hing
Merck (Ptic). Polyvinyl alcohol (PVA, M,, 13.000-
23.000 amu, d¢ thuy phan 87-89%) va trisodium
citrate (TSC) 1a héa chdt thuong mai ctia Trung
Quoc. Cetyl trimethyl ammonium bromide (CTAB)
va polyvinyl pyrrolidone (PVP-K30, M,, 40.000 amu)
dugc mua ti hing Himedia, An Do. Tit ca cic hoéa
chét déu dugc st dung truc ti€p va pha trong nudc cat
2 14n ma khong cén qua bat ky qua trinh tinh ché nao.

Quy trinh téng hop nano bac

Dung dich nano Ag (Ag NPs) dugc téng hgp bing
phuong phap dung dich, sti dung tién chat cia Ag
la AgNO3, hgp chit bao vé 1a HPMC cung céc chat
khti 1a hydrazine hodc/va NaBHy. Hé phan ting dugc
thuc hién don gidn bing cich khufy co hoc hén hgp
trén trong bercher 500 mL. Dung dich c¢é d6 dan t6t
nhiét trong nghién ctiu nay dugc téng hgp khi st dung
néng do Ag™ ban dau 1a 10.000 ppm, ham lugng hop
chét bao vé HPMC 1a 0,1% theo khdi lugng véi 1an
luot hai chat khtt 13 hydrazine va NaBHy. Dung dich
trén dugc téng hgp véi cac bude dugce thiét lap tudn tu
nhu trén Hinh 1. Dau tién, HPMC (0,1 g) dugc thém
vao 50 mL nué6c cit. Hon hgp dugc khudy cho dén
khi HPMC tan hoan toan, thu dugc dung dich trong
sudt. Sau do, AgNO3 (1,7 g) dugc thém vao va dung
dich tiép tuc dugc khudy déu trong 30 phut. Tiép dén,
50 mL dung dich NH4OH (50%) dugc thém vao hén
hgp. Qud trinh phan Ging xay ra khi 3 mL chat khtt hy-
drazine (dung dich 50%) dugc nho giot vao hén hgp
véi toc do 3 giot/giay. Cudi ciing, NaBHy (0,1 g) dugc
thém tiép vao va hon hgp dugc ti€p tuc khudy trong 30
phut. Hé phan ting trong cic budc trén dugc khudy &
t6c do khong d6i trong sudt qua trinh téng hgp. Ngoai
ra, nghién ctiu ciing khao sat anh hudng cta cac loai
chét bao vé, chit kht va moi trudong dén d6 dan caa
dung dich Ag NPs tao thanh.

Phuong phéap nghién citu

Kich thudc va hinh thai ctia Ag NPs dugc xac dinh
qua anh hién vi dién tt truyén qua (TEM) trén thiét
bi JEM 1400 (JEOL) v6i thé gia toc 100 kV. Mau do
TEM dugc nho 1én trén ludi dong va phu 1én mot 16p
carbon mong, tiép dén méiu dugc sdy kho trude khi
phén tich. Phé hép thu UV-Vis ctia cdc dung dich
dugc do tai nhiét d6 phong bang méy quang phé UV-
VIS-NIR-V670 (Jasco), trong ving 200-800 nm, véi
toc do 400 nm/phut.

Dung dich dugc do dién trg sudt trén may do d6 dan
dung dich Oakon 2700 Bechtop Meter (Hinh 2). Dién
cuc dugc nhung ngép vao dung dich cin do, sau do
chd cho gia tri 6n dinh va ghi nhan két qua, méi mau
dugc do 3 14n va ldy gid tri trung binh.
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| 1 ‘ ‘ 50 mL H,0/ bercher 500 mL ‘

+0,1 g HPMC ]

|

+1,7 g AgNO; ‘

+ 50 mL dung dich NH,OH

l - Khudy & toc 46 1.000 vong/phut
- Giit npuyén tde d6, khudy trong
subt qud trinh tdng hop (tir piai

0.
(50%) doan 2 t1 6)

|

+ 3 mL dung dich hydrazine
(50%) (3 giot/gidy)

I

+0,1 g NaBH, (rdn)

hién thi

Hinh 2: Thiét bi do dé dan dang dung dich

Mau dang mang dugc tao ra bing cich 14y dung dich
nano bac sau khi téng hgp (2 mL) pht 1én bia carton
(kich thuéc 3 x 4 cm) d€ kho ty nhién trong 10-15
phdt, thu dugc mau nhu Hinh 3. Sau d6 cic mang
nay dugc do dién trd trén thiét bi do 4 mii do véi cdu
tao thiét bi dugc mo ta trén Hinh 4.

Hinh 3: Mau Ag NPs sau khi dugc tao mang trén dé
gidy

KET QUA VA THAO LUAN

Thiét bi do dong

Hinh 4: Thiét bi do 4 mai do

Khao sat anh huéng ctia hgp chat bao vé va
hop chat khu

Muc tiéu la t6ng hop dung dich nano Ag c6 néng do
cao, ting dung cho vatliéu dan dién va dac biét1a trong
dung dich khong c6 polymer dan. D¢ dan dién trong
truong hgp nay phu thudc vao ham lugng nano Ag.
Do néng d6 ctiaion Ag™ ban ddu anh hudng truc tiép
téi qud trinh tng hop Ag NPs: néu lugng Ag™ qué it,
6 thé anh hudng dén do dan, con qué nhiéu sé gay
lang phi. Trong phuong phap dung dich, hgp chéitbio
vé dong mot vai tro quan trong trong viéc hinh thanh
Ag NPs. Chon hgp chit bao vé thich hgp giup duy tri
d6 bén viing va tranh hién tugng két tu cia Ag NPs.
Ag NPs dugc téng hgp & néng d¢ ion Ag™ ban diu
1a 10.000 ppm v&i cac loai hgp chét bao vé khac nhau
13 PVA, CTAB, TSC, PVP va HPMC. Anh hudng ctia
loai hgp chdt béo vé & cac néng do khac nhau dugc
téng két trong Bang 1. Bang 1 cho thdy & ndng do
ion Ag" ban d4u 14 10.000 ppm, chi duy nhit HPMC
cho hiéu qua bao vé tét nhat. Dung dich Ag NPs sau
téng hgp khong xdy ra hién tugng sa ling, ngay ca
khi stt dung HPMC ¢6 ham lugng nho la 0,1% theo
khéi lugng. Thanh phéan thi hai dnh hudng 16n dén

2688



Tap chi Phdt trién Khoa hoc va Céng nghé — Khoa hoc Tu' nhién 2023, 7(3):2686-2698

chat lugng ctia Ag NPs 13 hop chit khu. Hién nay mét
s6 hop chit khii ion Ag™ tao thanh Ag NPs c¢6 tinh
thén thién v6i moi truong nhu glucose, dich chiét tu
thuc vat, ascorbic acid... dang dugc stt dung phd bién.
Tuy nhién nhugc diém cta nhiing loai hgp chét nay
thudng c6 hoat tinh khit yéu, khong pht hgp cho viéc
téng hgp Ag NPs c6 ham lugng cao. Trong nghién ctiu
nay, Ag NPs dugc t6ng hgp va khao sat do dan dién
bang cach stt dung hai loai hgp chat khit c6 hoat tinh
khit manh 14 hydrazine va NaBH4. Anh huéng ctia
nodng do tiing loai hgp chét khit dén qua trinh téng
hgp Ag NPs khi st dung chét bao vé 1a HPMC véi
ham lugng 0,1% theo khdi lugng dugc thé hién trén
Bang 2 va Bang 3.

Céc két qua ghi nhan vé hién tugng cta dung dich
téng hgp Ag NPs khi thay d6i ham lugng tling loai
hgp chét khti (Bang 2 va Bang 3) cho thdy doi véi hgp
chét khit ¢ dang long, nhu hydrazine, ham lugng tot
nhit la 3,0% theo thé tich; riéng d6i v6i hgp chét khu
¢ dang rdn nhu NaBH,4 ham lugng t6t 13 0,1% theo
khéi lugng. Nghién ctiu ciing khao sat hién tugng
ctia dung dich Ag NPs trong qua trinh tdng hgp khi
st dung dong thoi hon hgp hailoai hgp chat khit gom
hydrazine va NaBH, v6i ham lugng c6 dinh nhu trén.
Hién tugng ctia dung dich Ag NPs trong qud trinh
téng hgp khi thay d6i thi tu chat khit thém vao dugc
trinh bay trong Bang 4.

Khao sat anh huéng cta pH

Trong qué trinh kht ion Ag™, pH c6 vai trdo quan
trong dén viéc hinh thanh Ag NPs. Viéc st dung
lugng 16n AgNO3 lam cho pH trong dung dich giam,
dan dén qua trinh khu tiép theo sé kh6 khan hon.
Thém vao d6, khi tién hanh tdng hgp nano bac trong
moi trudng c6 pH tit 8 trd 1én, phan ting tao ra lugng
két ttia 16n [Phuong trinh (1) va (2)] lam sailéch néng
d6 nano bac t6ng trong dung dich.

Agt + OH™ — AgOHJ (1)

2 AgOH — Ag,0 + H,0 (2)

Vi vay, trong nghién ctiu nay, dung dich dugc diéu
chinh 6 pH 7,0-7,5 qua viéc hoa tan mudi AgNO3 vao
dung dich NH4OH (50%) v6i muc dich dé cho qua
trinh khtt dién ra dé dang va khong lam anh hudng
t6i nong do bac tdng trong dung dich. Céc phan ting
xay ra véiion Ag™ dugcliét ké trong cac phuong trinh
(1), (2) va (3).

Ag,O + 4 NH4OH — 2 [Ag(NH3),]OH + 4H,0 (3)
Theo céng bs clia Tetsu Yonezawa cung cic cong
si (2018)?7 khi tdng hgp Ag NPs tii AgNO3 va
[Ag(NH3),]%, két qua cho thdy st dung tic chit
AgNOj thi viéc ion Ag™ khong bi khit hoan toan so
v6i st dung tac chit [Ag(NH3)2]2+.
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K&t qua dé dan dién cia cac dung dich nano
Ag

Céc dung dich Ag NPs sau khi t6ng hgp dugc do do
dan dién nhim khao sit anh hudng cta cac thong
$6 nhu moi trudng, néng do ion Ag™ ban ddu, tac
nhéan khtt 1én d6 dan dién ctia dung dich. Nong do
ion Ag™ ban ddu dugc khao sit & 500-40.000 ppm.
Cac tac nhan khu khong nhiing dugc khao sat khi
stt dung tiing tac nhén riéng 1é nhu hydrazine (HoN-
NH;) hoac NaBH,4 ma con dugc khao sat khi két hgp
ca hai loai chat kht theo trinh tu nhu dugc trinh bay
tai Bang 4. Ngoai ra, d dan dién ctia dung dich Ag
dugc téng hop trong diéu kién c6 va khong c6 sy hién
dién ctia NH4OH dong vai tro 1a moéi trudng ciing
dudgc khao sit, nhdm dua ra két luan chinh xac cho
viéc téng hop loai vat liéu din dién nay. D€ thuin
tién, cac dung dich Ag NPs sé dugc ky hiéu theo trat
tu dugc quy udc trén Hinh 5. Két qua d¢ dan dién caa
cac dung dich dugc trinh bay trén Hinh 6 va Hinh 7.

Nong 9 HPMC Moi trudng Amoniac
0,1 -0,5K-Ag-A
I
Nong @b Ag*

Hinh 5: Quy udc dat tén mau

Két qué do dan dién trén Hinh 6 va Hinh 7 cho théy,
khi ting n6ng do ion Ag™ ban d4u thi d6 dan ctia dung
dich thu dugc sau qué trinh téng hop ¢ xu hudng
taing. Do dan cua dung dich téng hgp c6 NH,OH
cao hon so v6i nhiing dung dich téng hgp trong moi
truong khong ¢c6 NH4OH. Do dan dién ctia dung
dich ting manh khi néng do Ag™ st dung ban diu
14 10.000 ppm tré 1én. Két qua nay cho thdy, khi nong
d6 ion Ag™ ban d4u ting va moéi trudng tdng hop c6
tinh kiém nhe thi ham lugng Ag NPs tao thanh nhiéu,
do do6 d6 dan ctia dung dich ting. Ngoai ra, khi nong
dé ion Ag™ sti dung ban d4u la 10.000 ppm trd 1én thi
nhiing dung dich c6 stt dung hén hop hai chéit khu
la hydrazine va NaBH, d4 c6 d¢ dan cao hon so véi
nhiing dung dich c6 cing néng do ion Ag™ nhung chi
stt dung mot chit khi riéng1é. Hon niia, trong trudng
hgp nay nhiing dung dich st dung chit khit HoyN-
NH, trudc roi méi dén NaBHy da c6 d6 dan cao hon
so voi dung dich st dung ca hai chat khi nhung theo
thi tu ngugc lai. Khi st dung ham lugng chét béo vé
HPMC1a 0,1 va 0,2% (theo khéi lugng) & cling nong
dgion Ag' ban ddu 12 40.000 ppm thi két qua cho thay
khi st dung ndng d6 HPMC la 0,1%, dung dich dugc
téng hgp trong moi trudng NH4OH c6 d6 dan cao
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Bang 1: Anh huéng ctia cac loai hop chat bao vé khac nhau dén su bén viing ctia dung dich Ag NPs sau tdng hop

Hop chét Ham lugng (% khéi lugng)
bao vé
0,1 0,2 0,5 1 2 5 10
PVA X X X X X Saling Sa lang sau 40
sau 20 phut
phut

CTAB X X X X X Salingsau  Sa ling sau 30
5 phut phut

TSC X X X X X Saling Sa lang sau 60
sau 20  phut
phut

PVP X X X X X Salingsau  Sa ling sau 12
45 phat gio dong thoi
dong thoi  dungdich
dung dich  tré nén dic hon
dac hon

HPMC Khong Khong sa  Khong sa
saling  ling ling

X: sa ling nhanh
Bang 2: Khao sat anh hudng néng dé cta chat khir hydrazine

Hydrazine 1,0 1,5 2,0 2,5 3,0 4,0

(% thé tich)

Hién tuong Dung dich Dung dich Mau cia  Mau dung Dung dich Mau dung dich
khéng mau  ti mau ndu dung dich dich tr6 nén chuyén sang khong c6 su
chuyén tit chuyén ti bit ddu ddm ddm  hon, mauden. thay ddi ding
tu sang  ti sang mau  hon. chuyén  tu ké va khong
mau xam  xam dam. ti sang mau xudt hién gi
nhat. den va co thém.

thém bot khi.
Bang 3: Khdo sat anh hudng ndng dé cta chat khit NaBH,.
NaBH4 0,05 0,075 0,1 0,2
(% khoi lugng)

Hién tugng

Dung dich khong
mau chuyén sang
mau vang dam va co
bot khi.

Mau ctia dung dich
dam hon va c6 bot
khi sinh ra.

Mau ctia dung dich
chuyén sang mau
nau va co sinh ra bot

khi.

Mau ctia dung dich
khong thay déi dang
ké va chi sinh thém
bot khi nhiéu hon.

Bang 4: Hién tugng ctia dung dich Ag NPs trong qua trinh tdng hop khi thay ddi thit tu chat khit thém vao

Th ty chit khti thém vao

1. NaBHy
2. Hydrazine

1. Hydrazine
2. NaBHy

Hién tugng

Dung dich tit khong mau chuyén sang mau nau, khi cho tiép hydrazine vao thi mau

dung dich chuyén sang xdm va c6 sinh ra bot khi.

Dung dich tit khong mau chuyén sang den, khi cho tiép NaBHy4 vao thi thdy c6 xuét
hién bot khi dong thoi dd nhét caa dung dich ting.
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hon (Hinh 8). Anh huéng ctia méi trusng NH,OH
dén do dan dién ctia dung dich Ag NPs dugc tom tit
trén Hinh 9. Két qua cho thdy mdi truéng NH4OH
gan nhu khong anh hudng dén d¢ dan dién cta dung
dich Ag NPs khi n6ng d¢ ion Ag™ ban déu st dung
duéi 10.000 ppm. Khi néng d6 ion Ag™ tu 10.000
ppm tr6 1én, d6 dan dién ctia dung dich c6 sy khac
nhau nhiéu khi thuc hién phan tng trong moi trudng
c6 vakhong c6 NH4OH. Nguyén nhan ctia hién tugng
nay c6 thé1a do khi ting néng d¢ ion Ag™ ban ddu da
lam cho pH trong dung dich gidm, dan dén qua trinh
khi tiép theo khé khin hon. Viéc thuc hién phan tng
trong moi trudng NH,OH gitip moi trudng c6 pH 6n
dinh &7,0-7,5, qua d6 qua trinh khtt dién ra dé dang,
ham lugng Ag NPs tao ra nhiéu hon, dan dén dung
dich ¢6 d¢ dan dién cao hon. Nhu véy, d6 dan cua
dung dich Ag NPs phu thu¢c vao néng do ion Ag™
ban d4u, ham lugng hgp chit bao vé HPMC, loai hgp
chét khii, moi truong va ca thid ty st dung chat khit
trong qua trinh t6ng hop.

T6ng hgp cac két qua trén cho thdy hau hét dung dich
Ag NPs sau khi t6ng hgp déu c6 kha ning dan dién.
Tiép dén, cac dung dich trén dugc tao mang trén dé
gidy va tién hanh khao sat dién tré bang phuong phap
bon mii do dé kiém chiing kha ning dan dién ctia cac
mau mang.

Khao sat d6 dan dién cta cac mau mang
Céc dung dich Ag NPs sau khi téng hgp dugc tao
mang trén dé€ gidy (Hinh 3) va tién hanh do d¢ day.
Nhugc diém ctia viéc tao mang trén dé gidy 1a do day
ctia mang khong thé xac dinh dugc bang kinh hién
vi lyc dién ti (AFM) hodc kinh hién vi kim tuong.
Day la hai phuong phép phén tich doi hoi vét liéu phai
dudc tao mang trén d€ thay tinh. Vivay, trong nghién
ctu nay d¢ day ctia mang dugc do bing kinh hién vi
Leica 2500 DM va két qua dugc hién thi trén Hinh 10,
v6i do day ctia mang thu dugc khoang 49,2 um.

Tiép dén, tit cd cic mang vat liéu duge kiém tra do
dan bing viéc lap mach dén LED. So d6 mach dén
LED khéo sit d6 dan dién ctia vat liéu duoc thé hién
trén Hinh 11.

Két qua khao sat do dan ctia cdc mau mang thong qua
mach den LED cho thdy déi v6i nhiing dung dich Ag
NPs st dung tiing hgp chét khit riéng 1é trong qua
trinh téng hgp thi khonglam sang dén, nghiala khong
dén dién. Khi néng do ion Ag™ ban du st dung thap
hon 40.000 ppm, dén LED chi sang d6i v6i nhiing
mang dugc tao thanh tii dung dich Ag NPs dugc khit
lan lugt v6i hon hgp chit khi hydrazine va NaBHy
trong moi truong c¢6 amonia. Trong diéu kién nay,
dung dich Ag NPs dugc ché tao & néng do Ag™ ban
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Hinh 11: So d6 mach dén LED khao sat su dan dién

d4u1a 2.000 ppm da lam cho dén LED sang va d) sing
ting ro rét khi néng do Ag™ ting tli 2.000 dén 10.000
ppm (Hinh 12). Tuy nhién, khi néng d6 Ag™ ban d4u
ti 20.000 dén 40.000 ppm thi mic d6 sang cuia LED
khong thay d6i dang ké va sang yéu hon 6 néng do
40.000 ppm. Khi néng dd Ag™ ban d4u 12 40.000 ppm
thi dung dich Ag NPs dugc tdng hop ca trong méi
trudng c6 va khong c6 amonia déu dan dién va déu
lam sang dén LED. Két qua cho thdy ngay ca nhiing
vat liéu 6 dang dung dich ¢6 d¢ dan dién cao, sau qué
trinh tao mang trén d¢€ gidy, hau hét déu khong lam
sang dén LED. Nguyén nhén 1a do khé ning dan dién
ctia dang dung dich chti yéu la nhd cdc ion trong méi
truong nudce. Sau khi tao mang, cac ion nay khong
con hién dién nén kha ning din dién ctia cdc mau
mang thip, gin nhu khong déng ké. Két qua khao
st d6 dan thong qua mach dén LED cho thdy khong
chi néng d% ion Ag™ trong dung dich ma céch kht,
loai hgp chat khii va moéi trusng cling c6 anh hudng
16n dén d6 dan ctia vét liéu sau khi tao mang.

Tiép dén, tat ca cic mau mang dugc phan tich gia tri
dién trg bang phuong phdp bén mii do. Mbi miu
dugc do ba lan va ldy gia tri trung binh. Két qua gia
tri dién tré thu duge (Hinh 13a) hoan toan pht hgp
v6i két qua 1ap mach dén LED & trén. Gid trj dién
trg khong ghi nhén dugc d6i v6i nhiing mau khong
lam sang dén LED. D6i v6i nhiing miu lam sang dén
LED, gia tri dién trd do dugc thdp nhit 1a 0,28 Q doi
v6i mau duge téng hop trong moi trudng NH,OH,
v6indng do chit bio vé HPMC 14 0,1%, néng do Ag™
sti dung ban dau 1a 10.000 ppm va dugc kh 14n lugt
béng hon hgp chét khit 13 hydrazine va NaBHy. Khi
ndng do Ag" ban dau la 40.000 ppm va néng do chit
bao vé HPMC ting 1én 0,2% thi d6 dan dién cta vat
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Hinh 6: D6 dan dién ctia cac dung dich Ag NPs khi st dung titng hgp chat khii riéng |é la HyN-NH, va NaBH, trong

moi trudng khong ¢ NH4OH (a) va ¢ NH4OH(b).
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Hinh 7: D6 dan dién clia cac dung dich Ag NPs khi sit dung hén hop hai hgp chat khir la HyN-NH, va NaBHy4 trong

moi trudng khong cé NH4OH (a) va ¢ NH4OH (b).

liéu dugc tng hop trong diéu kién nay van thip hon
so v6i khi sti dung ham lugng HPMC 14 0,1% cé trong
modi trudng c6 va khong c6 NH4OH. Két qua nay dugc
x4c nhén biang két qua gia trj dién tré trén Hinh 13b.
Nhu véy, trong nghién ctiu nay, viéc téng hop vét liéu
dan dién trén nén nano bac dugc xem la pht hgp &
néng do Ag™ ban ddula 10.000 ppm, ndng do chit bio
vé HPMC 1a 0,1%, véi thi tu hgp chit khii 1an lugt 1a
hydrazine va NaBH, trong mdi trudng ammonium.

Tinh chat cta dung dich nano bac sau khi
téng hop

Dung dich nano bac, véi néng d6 ion Ag™ ban d4u la
10.000 ppm, sau khi tdng hgp c¢6 mau nau den, 4nh
bac, khi pha loang ra thi ¢6 mau vang, trong su6t.

Dung dich khong c6 hién tugng lang cin phia duéi
day va khong bi két tu lai it nhét sau 60 ngay bao quan
6 nhiét do phong, tranh anh séng truc tiép (Hinh 14).
Nhu véy, c6 thé két luan dung dich Ag NPs da dugc
téng hop bang phuong phép khit héa hoc tit ndng do
ion Ag™ ban dau 12 10.000 ppm. Dung dich sau tdng
hgp 6 d6 phén tdn t6t va do bén dat 60 ngay, khong
bi tu tap hay sa ling. Sau thoi gian luu trit 90 ngay,
dung dich Ag NPs dugc phan tich quang phé hip thu
UV-Vis va so sanh v6i dung dich Ag NPs sau khi tOng
hgp. Quang phd UV-Vis ctia hai dung dich trén dugc
théhién trén Hinh 15. Két qué cho théy cudng do hip
thu UV-Vis tai bu6c séng 400-420 nm ctia dung dich
dugc luu trit 90 ngay giam so véi mau ngay sau khi
téng hop, dong thoi cuc dai hdp thu dich chuyén vé
phia c6 buédc séng cao hon. Nguyén nhan cta hién
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Hinh 8: Do dan dién cla dung dich Ag NPs trong cac diéu kién téng hgp khac nhau khi néng dé Ag™ ban dau la
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Hinh 14: Dung dich nano bac sau 60 ngay: (A) z
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(]
2
o
5 0.06
tugng nay la do sau thdi gian 90 ngay thi nong do bac <
tong trong dung dich c6 sy thay ddi, dong thoi cac hat 0.03 a
c6 thé két tu lai va lam thay déi kich thude. Két qua 300 400 500 600 700 800
nay c6 gid tri thyc tién, cho thdy cac dung dich Ag NPs Wavelength (nm)
can dugc st dung cham nhat 1a 60 ngay sau qua trinh
téng hop. :‘mhgo1 5: ‘Quang EhShUV-\(/is) cFla dung dii:.nino
ac 90 ngay sau téng hop (a) va ngay sa tén
Két qua quan sat dugc qua anh TEM (Hinh 16) cho hép(b) gay sau tong hop (a) va ngay sau khi tong

th&y Ag NPs phan b6 cha yéu & kich thudce trung binh,
25,23 + 3,40 nm (dugc tinh todn dua trén xt ly hinh
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Hinh 10: D6 day mang cua vat liéu
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Hinh 12: Mach dén LED kiém tra kha nang dan dién cho mang Ag NPs khi dugc téng hgp & cac néng dé khac
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Hinh 13: Gia tri dién tr& clia cdc mang Ag NPs & cac ndng dé Ag™ ban dau khac nhau (a) va khi s dung ham lugng
HPMC khac nhau & trong moi trudng c6 va khéng cé NH4OH(b).

anh clia ImageJ dong thoi két hgp véi tinh todn clia
Microsoft Excel va Origin) va phan tin déu, bén viing,
khéng tap hop lai véi nhau trong dung dich.

KET LUAN

Bai bdo trinh bay viéc diéu ché dung dich nano bac
tli dung dich tién chit Ag™ c6 néng do 10.000 ppm.
Dung dich tao thanh 6n dinh trong 60 ngay khi st
dung hgp chitbao vé la HPMC. Ag NPs dugc diéu ché
¢6 hinh cau, dudng kinh khoang 25 nm, hip thu UV-
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Visd budc song 400 —-420 nm. Vit liéu tao thanh dugc
khéo sat kha ning dan dién ctia nano bac 6 dang dung
dich va dang mang, sau khi dugc phu trén dé€ gidy.
Khi tao mang khé trén d¢€ gidy, chi nhiing dung dich
nano bac dugc diéu ché trong moi truéng NH4OH
mé6i c6 kha ning dan dién va d6 dan tdt nhat khi st
dung hgp chat bao vé HPMC véi ham lugng 0,1%
(theo khéi lugng), ndng do Agt ban diu 1a 10.000
ppm va sti dung két hgp 2 loai hgp chat khi theo thid
tu hydrazine va NaBH,4. Vat liéu dang mang c6 kha
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Hinh 16: Anh TEM (A) va d6 thi phan bé kich thudc hat (B) ctia nano bac.

néing dan dién véi dién tré 0,38-40,30 Q, phu thudc
vao néng do6 Ag™, cdch kh, loai hgp chét khit va méi
trudng pH. Mang gidy sau khi phtt dung dich nano bac
c6 kha nang lam sdng dén LED vé6i ngudn dién DC 9
V.
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Preparation and investigation of electrical conductivity of silver
nanoparticle films on the paper substrate

Huynh Trong Kha, Nguyen Hai Dang, Nguyen Hoang Long, Vang Thi Diem Huong, Nguyen Thi Cam Tien,
Vu Duc Lan, Vu Nang An”

ABSTRACT
This paper reported the preparation of silver nanoparticles (Ag NPs) by the chemical protection-
DAL reduction method. This process was performed in an agueous phase with a mixture consisting of
Use your smartphone to scan this silver nitrate (AgNO3), hydroxypropyl methylcellulose (HPMC), sodium borohydride (NaBH,), and
QR code and download this article hydrazine (HyN-NH>). The prepared Ag NPs were characterized by transmission electron micro-
scope (TEM) and ultraviolet-visible (UV-Vis) spectroscopy. The TEM images indicated that Ag NPs
had high purity with the size of 20—-50 nm. The Ag NPs solution strongly absorbed around 420 nm
and displayed brown color under visible light. The stability of the Ag NPs solution was maintained
after 60 days of storage. The conductivity of the Ag NPs solution depended on the initial concen-
tration of AgNO3, HPMC content, type of reducing agent, pH environment, and also the order of
using reducing agents in the prepared process. Next, the Ag NPs solution was coated to form a
film on the paper substrate. The thickness of the obtained film was about 49.2 um according to
the analysis results from the Leica 2500 DM microscope and its conductivity was investigated by
the four-point probe method. The film could conduct the electricity and light up LEDs when using
a 9V DC power source. The obtained results demonstrated that the prepared Ag NPs would have
a potential application as conductive inks in electrical plastic devices.
Key words: conducting materials, chemical reduction, four-point probe method, silver nanopar-
ticles
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