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In this study, we focus on synthesizing copper nanowires through a
simple method — the hydrothermal method. The effects of various
factors such as the concentration of capping ligand — oleylaming,
reducing agent — glucose, hydrothermal temperature, and hydrothermal
time, will also be thoroughly investigated on the morphological and
electrical properties of the copper nanowires. Based on the survey
results, the optimal conditions for fabricating copper nanowires via
hydrothermal methods are oleylamine of 8 mM; glucose of 80 mM
glucose; a reaction temperature of 120 °C; and a hydrothermal time of
8 hours. The obtained copper nanowires exhibit high aspect ratios, with
diameters ranging from 25 to 50 nm, and wire lengths can be up to 150
pm. After filtration, CUNW solution with a 20 mg/ml concentration
was dispersed in isopropyl alcohol. This solution has potential
applications as conductive ink for transparent conductive electrode
fabrication based on copper nanowires.
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Trong nghién clru nay, chiing t6i tap trung tong hop day nano dong
thong qua mdt phuong phap don gian — phuong phap thuy nhiét. Anh
huong cua cac yeu t6 khac nhau nhu ndng do cuia chat hoat dong bé mat
oleylamine, chat khir glucose, nhiét do thuy nhiét, thoi gian thay nhiét
dén dic trung hinh thai va tinh chét dan dién cua day nano dong ciing s&
duoc khao sat chi tiét. Tur nhitng két qua khao sat thu duoc, didu kién
t6i wu dé tong hop day nano déng bang phuong phap thuy nhiét lan luot
la: 8 mM oleylamine; 80 mM glucose; nhiét d6 phan ung 120 °C; va
thoi gian thity nhiét 8 gio. Day nano ddng thu dwoc cé ti 16 khung hinh
cao, voi dudng kinh trong khoang tir 25 dén 50 nm va chidu dai c6 thé
1én dén 150 pm. Sau qua trinh loc, dung dich diy nano ddng véi n6ng
do 20 mg/ml duoc phan tan trong isopropyl alcohol. Ching ¢ tiém
nang lam muec in cho dién cuc trong sudt dwa trén co s ddy nano dong.
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1. Gioi thigu

Trong nhitng nim gan ddy, cac diy nano kim loai n6i chung va day nano dong (CuNW) néi
riéng dang dugc nhiéu nha khoa hoc trén thé gidi quan tdm nghién ctru nham thay thé Vat liéu
oxit pha tap (TCO) (c6 d linh hoat thap) trong cac dién cuc dan dién trong sudt [l] —[3]. Uu
diém ctia CuNW 1a ¢ do dan dién va tinh linh hoat cao, tién chéat Cu c6 gia thanh thap. Day nano
kim loai thuong dwgc tong hgp bang mét sé phuong phap nhu phuong phap thiy nhiét [4],
phwong phap polyol [5], phuong phap hoa hoc [6]. Dbi voi cac day nano kim loai ing dung lam
dién cyc trong sudt cac thong so cta day nhu chiéu dai va dudng kinh day la hai thong s6 quyet
dinh dén tinh chit cua dién cuc [7], [8]. Chiéu dai cua day s¢ quyét dinh dén gia tri dién tré bé
mit va dudng kinh day s& anh hudng dén do truyen qua ctia cac dién cyc. Trong ché tao dién cuc
dua trén day nano kim loai thi cac day c6 chidu dai 16n va duong kinh bé s& cho dic trung cia
dién cuc t6t hon so v6i cac diy ngin va duong kinh 16n. Viée tong hop cac ddy nano kim loai
nhu CuNW dép mg tiéu chudn nham tng dung trong céc dién cuc trong sudt van dang 1a van dé
dugc nhidu nha nghién ctru quan tim hién nay [9] - [12].

Trong nghién ctru nay, CuNW dugc tong hop béng phuong phap thuy nhiét. Myc tiéu cua
nghién ctru 13 tong hop dugc ddy nano dong c6 dudng kinh dong déu va bé, ddng thoi chidu dai
day 16n nham dap tng cac tiéu chudn ng dung trong ché tao dién cuc trong sudt. Dé dat dugc
cac yéu t6 nhu trén, trong nghién ctru ndy chung toi khao sat chi tiét cac yéu t6 anh huéng nhu
nhiét do, thoi gian, ndng do cua cac chit 1én sy hinh thanh va cac thong s ciia ddy nano dong.

2. Phuong phap nghién ciru

Héa chat: Hoéa chat Pong clorua (CuCly) (> 99%) ciia Guangdong Chemical — Trung Qudc,
Oleylamine (CysHs7N) (80 —90%) cua Aladdin — Trung Qubc, Glucose (CsH1,06) (99%) cua Trung
Quoc N-hexane (CgHi4) ctia Trung Quéc, Isopropyl alcohol — IPA (C3HgO) cuia Trung Qudc.

To ong hop day nano dong: Day CuNW dugc tong hop thong qua phuong phép thuy nhiét, voi
tién chat 1a CuCl, va duoc khir thanh mdm Cu bang glucose. Oleylamine (OLA) déng vai tro lam
chat hoat dong bé mit. T4t ca phan tmg duogc thuc hién trong méi truong nude, sau dé dwa vao
binh thuy nhiét teflon dé thuc hién qua trinh thuy nhiét.

Budc 1: 600 mg CuCl, véi nong do glucose thay doi tir 40 — 100 mM dugc hoa tan trong 40
ml nudce khir ion, sau do oleylamine véi néng d0 khac nhau ttr 4 — 10 mM duoc thém vao tu tu
cho t&i khi hdn hop trén hoa tan hét.

Budc 2: Pua hon hop thu dugc di thuy nhiét tai cac nhiét do khac nhau 1an luot 12 100, 110,
120 va 130 °C trong cac thoi gian thily nhiét khac nhau 1a 2, 4, 8 va 12 gio.

Budc 3: Loc ddy nano dong bang cach thém IPA vao dung dich CuNW thu duoc sau qué trinh
thuy nhiét voi ti 1€ 1:1, quay ly tam voi téc 6 5000 rpm trong 15 phut nham loai bo dung modi va
chat hoat dong bé mat du thira, khi d6 hdn hop day va hat nano ddng s& ling xubng dudi. Phan
tan lai hdn hop bén trén trong n-hexane va quay ly tim 1000 vong/phit trong 5 phut dé loai bo
OLA. Dy nano s& lang xubng dudi, cac hat nano dong lo limg bén trén bi loai bo, qué trinh nay
thuc hién lap lai 3 1an nham loai bo hét hat nano va chat hoat dong bé mit trén CuNW.

Co ché hinh thanh CuNW duoc trinh bay nhu Hinh 1. Trong d6, glucose dong vai trd 1am chat
khir dung dich dong trong qué trinh hinh thanh day. Cu thé, CuCl, bi khir thanh Cu®*, sau d6 n6
tiép tuc dugc khir thanh Cu® déng vai tro 1am mam Cu. Qua trinh khir dugc mo ta thong qua
phuong trinh hoa hoc sau:

CeH1206 (glucose) + 2CuCl, + H,O — 2Cu + 2HCI + C6H1207 (gluconic aC|d)

Sau do, ta cho tr tir OLA vao dung dich, OLA dong vai tro lam chat hoat dong bé mit, c6
chirc niang bao boc ldy mam Cu. OLA tao thanh lién két v6i nguyén tir ddng nhd nhoém —NH,.
OLA wu tién bam vao mit mang (100) do lién két gitra OLA va mat (100) 16n hon déng ké S0 VGi
mat (111). Khi d6, cac hat phan tir, nguyén ti dong tao thanh trong dung dich s€ uu tién sap xép
vao mit tinh thé (111) gitp day dai ra, khi d6 mam Cu phat trién di hudng trd thanh day nano
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ddng theo huong [1 10].‘Cu(”')i cung, ta loc dung dich thu dugc bing n-hexane, n6 c6 chirc ning
loai bo chat hoat dong bé mat OLA bam trén bé mat day.

- X
.... Glucoso .... .: - & ©l110]
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N-Hexan
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Day CuNW

Hinh 1. Co ché hinh thanh diay CuNW bang phwong phdp thity nhiét

Cdc phwong phdp phdn tich: Ta chuan bi cac mau kinh dd dugc quét diy nano dong bing
phuong phép in gat véi kich thudée mau kinh 1x1 cm dé do dac diém cau triic va thanh phan cua
CuNW bing gian dd nhidu xa tia X trén may D8 — Advance, Brucker (Ptic) v6i tia phat xa Cu-
Ka c6 budc song 4 = 1,5406 A, gbc quét 20 = 20° — 80°, tc d6 quét 0,015%. Kinh hién vi dién tir
quét (SEM, Hitachi), cho biét hinh thdi ctia day nano dong sau khi ché tao thong qua phuong
phap thuy nhiét.

3. Két qua va thao luan

3.1. Anh hwong ciia nong dé oleylamine dén hinh thdi va cdu tric ciia CUNW

Hinh 2. Anh SEM ciia ddy CuNW dwoc tong hop & nong do oleylamine khdc nhau lan heot la (a) 4 mM,

(b) 6 mM, (c) 8 mM, (d) 10 mM . Thoi gian va nhiét do thuy nhiét twong ung la 8 gio va 120 °C.
Hinh 2 thé hién hinh thai va ciu tric cta day nano déng tai cac néng d6 OLA khac nhau lan
luot 13 4, 6, 8, 10 mM. Chét hoat dong bé mit OLA ¢6 vai trd quan trong trong quyét dinh hinh
thai cudi cung cua vét liéu nhu hat, thanh, va day. Khi néng dd OLA qua th?ip, su hinh thanh cac
hat nano 16n chiém wu thé do OLA khéong da dé che phu mit (100) khién mam phat trién déng
huéng trén cac mit. Do d6, da sé cac mam khong thé phat trién thanh diy ma hinh thanh cac hat
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nano két dam lai voi nhau (4 mM OLA — Hinh 2a). Khi tang nf”)ng d0 OLA 1én 6 mM, cac hat
nano, thanh nano va cac ddy CuNW c¢6 chiéu dai ngan va duong kinh 16n chiém wu thé (6 mM
OLA — Hinh 2b). Ngugc lai, khi néng dd OLA qua cao, cac mam Cu® duoc OLA bao boc toan
bd mit (100), bao gom ca cac mat (111) dan dén ngan chin mam phat trién thanh day. Khi do,
vat liéu thu dugc chu yéu 1a hat nano (10 mM — Hinh 2d). Khi néng d6 OLA vira du, OLA wu
tién bam vao mat tinh thé (100) va cac phan tu/nguyén tir ddng tao thanh trong dung dich s& uu
tién sap xép vao mat (111) gitip day nano dai ra ma van gitr dugc duong kinh day khong thay d6i
qua 16n so voi mam lac dau. Khi d6, day nano dong s& phat trién tir mat (111). Hinh 2¢ cho thay
v6i nong d6 8 mM OLA, vat liéu thu dugc cha yéu la day CuNW c6 duong kinh trong khoang tur
25 — 50 nm. Do d6, diéu kién 8 mM OLA sé& duoc sir dung dé tiép tuc nghién ciru tong hop day.

3.2. Phan tich céu triic ciia ddy CuNW

%!_3- (111)

(200)

N& \ CuNWs (220)

# PDF 01-085-1326

Hinh 3. Gidn do nhiéu xa tia X ciia CuNW va dung dich day nano dong dwoc tong hop
bang phwong phdp thity nhiét véi diéu kién tong hop t6i wu

Hinh 3 14 gian do nhiéu xa tia X cta ddy nano dong duogc téng hop thong qua phuong phap
thily nhi¢t va hinh anh dung dich muc in CaNW sau qua trinh lgc rtra va dugc phan tan lai trong
dung dich IPA véi néng d6 20 mg/ml. Day thu dugc xuét hién céc dinh nhiéu xa tai céc vi tri g0c
nhidu xa 20 = 44,34°; 51,46° va 75,02° lan luot tuong tng véi cac mat tinh thé (111), (200) va
(220) ctia dong dua trén thé chuan ICSD 64699 (PDF 01-085-1326). Tir gian do XRD, day dugc
phat trién tir mat (111) doc theo hudng tinh thé [110] 1a chi yéu. Bén canh d6, phd nhidu xa tia X
khong ton tai cac dinh nhidu xa ciia cac pha thir cAp nhu CuO hay Cu,O, ching té vat liéu thu
dugc hoan toan 1a don pha tinh thé dong. Hang s6 mang tinh thé cia CuNW duoc xac dinh theo
cong thirc Debye — Scherrer: a = (A2sin6).(h?+k*+1%)" (1). Trong d6: a 1a hing s6 mang tinh thé
(A), A 12 budc song tia X chiéu téi mit tinh thé (A = 1,5406 A), 0 1a goc nhidu xa Bragg tmg voi
dinh nhiéu xa cuc dai d6. Sir dung cong thirc (1) tai mat tinh thé (111) tuong ung voi goc nhiéu
xa 20 = 44, 34°, tinh toan dugc hang s mang ciia diy CuNW 1a a = 3,53 A, két qua nay phu hop
v6i hang sb mang tinh toan 1y thuyét a = 3,61 A cua tinh thé dong.

3.3. Anh hwéng ciia nong dé glucose dén hinh thdi va ciu triic ciia CuNW

Hinh 4 14 4nh SEM cua day nano dong tai cac nong do glucose khac nhau lan luot 1a 40, 60,
80 va 100 mM. Khi ndng d6 chit khir qua thip, 40 mM glucose, CuCl, khong duge khir thanh
Cu® do d6 khong thé hinh thanh day nano, san phim thu duoc cha yéu 1a cac hat két dam lai vé6i
nhau (Hinh 4a). Hinh thanh céc hat tinh thé CuCl ¢6 c4u trac hinh 1ap phuwong c6 kich thudc ¢
um do sy khir khéng hoan toan khi thiéu hut lugng chat khir glucose. Khi tang lugng chét khir 1én
60 mM, mam Cu dugc tao ra van tuong ddi it, san phém thu duoc bao gém ca hat, thanh nano va
s6 luong it day nano (Hinh 4b). Khi ndng d6 glucose vira du, cac mam dwoc hinh thanh ciing vira
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du, sé luong ddy trong san pham thu duoc cao ching to hiéu sudt hinh thanh day tét (Hinh 4c —
80 mM). Tiép tuc ting nong do glucose 1én 100 mM, san pham thu duge bao gom ca day va rat
nhiéu dam hat (Hinh 44d), diéu nay 1a do su hinh thanh mam nhanh véi sd luong 16n, cac mam két
dam lai v6i nhau, tir nhitng dam hat d6 phat trién di huéng thanh day, do d6 san phdm thu dugc
c6 hinh dang nhu nong noc voi dau 1a cac dam hat, dudi la day nano déng. Vi vay, néng do
glucose t6i wu cho viée hinh thanh day dong 1a 80 mM. Diéu kién nay s& duoc c¢b dinh dé nghién
ctru cac diéu kién tiép theo.

Hinh 4. Anh SEM ciia ddy CuNW duwoc tong hop ¢ nong dg glucose khdc nhau lan liwot (a) 40, (b) 60, (c)
80 va (d) 100 mM vaéi thoi gian va nhiét do thuy nhiét twong wng la 8 gio va 120 °C o nong do OLA 8 mM

3.4. Anh huwéng ciia nhigt dp thity nhiét dén hinh thdi va ciu triic ciia CuNW

(c) 120 °C

Hinh 5. Anh SEM ciia day nano dong dwoc téng hop tai nhiét do thuy nhiét lghdc nhau lan leot
(a) 100 °C, (b) 110 °C, (c) 120 °C, (d) 130 °C vdi thoi gian thiiy nhiét, nong do OLA
va nong do glucoso twong ung la 8 gio, 8 mM va 80 mM
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Nhiét d6 thuy nhiét ciing 13 mot thong sé quan trong trong qua trinh tong hop diy nano dong.
Qué trinh khir ion dong tao thanh mam Cu® va qua trinh hinh thanh, phét trién day déu co lién
quan chat ché tdi nhiét d6 thuy nhiét. Hinh 5 thé hién sy anh hudng cua nhiét do téi hinh thai,
qué trinh hinh thanh, phat trién cia CuNW. Tir két qua SEM thu dugc, day dong khong thé phat
trién khi nhiét do thip hon 120 °C. San pham thu dwoc chi yéu 13 hat tai nhiét d6 100 °C (Hinh
5a) do khi nhiét d6 thap s& khong cung cdp du ning lugng can thiét cho qua trinh phat trién cua
day. Khi ting nhiét d6 1én 110 °C, cac mam dugc hinh thanh va bit diu phat trién di huéng, cac
c4u trac hinh que, thanh nano bat du xuat hién véi chiéu dai tir 1 dén vai pm (Hinh 5b). Khi tai
nhiét d6 120 °C, nhiét ning cung cap cho qua trinh hinh thanh va phat trién dy nano dong vira
da do d6 hinh thanh ddy nano véi hiéu suat cao, dudng kinh day thu dugc tir 25 — 50 nm (Hinh
5¢). Tiép tuc tang nhiét d¢ thuy nhiét lén 130 °C, lic nay lugng nhiét ning du thira tao ra cac
mém c6 kich thude 16n din dén hinh thanh cac day nano c6 dudng kinh 16n (> 200 nm), kém theo
rat nhiéu hat c6 kich thugc 16n (Hinh 5d). Nhu vay, nhiét do t6i uru dé tong hop CuNW 1a 120 °C,
dugc sir dung dé tong hop cic mau nghién ctru tiép theo.

3.5. Anh hwéng ciia thoi gian thily nhiét dén hinh thdi va cdu triic ciia CuNW

Hinh 6. Anh SEM ciia ddy nano dong dwoc tong hop tai thoi gian thity nhiét khac nhau lan heot
(a) 2, (b) 4, (c) 8 va (d) 12 gio o nhiét dj thuy nhiét 120 °C, nong do OLA
va nong do glucose tuwong ung la 8 mM va 80 mM

Hinh 6 12 anh SEM mé ta anh huéng cua thoi gian thuy nhiét dén sy hinh thanh va phat trién
day nano dong tir 2 gio dén 12 gio. Voi thoi gian thuy nhiét 1a 2 gio, san phdm thu dugc cha yéu
1a cac hat nano kich c& 16n, tuy nhién van c6 mot $6 luong it thanh nano ngz'in duogc hinh thanh,
nguyén nhan 1a thoi gian phan tmg qua ngin dé mam co thé phat trién di hudng thanh day (Hinh
6a). Khi tang thoi gian thuy nhiét 1én 4 gid, mét lugng 16n cac que/thanh nano dugc hinh thanh
v6i chiéu dai tir vai pm téi 16n hon 10 um (Hinh 6b). Khi thoi gian thuy nhiét 1a 8 gio, cac day
nano hinh thanh c6 duong kinh trong khoang 25 — 50 nm va chiéu dai day lén dén 150 pm (Hinh
6¢, e). Tiép tuc ting thoi gian thuy nhiét 1én 12 gio, duong kinh day tiép tuc phat trién vai kich
thudc trong khoang tir 46,7 nm cho den 123 nm trong khi chiéu dai day ting khong dang ké
(Hinh 6d, f). Khi duong kinh day 16n, tiét dién day ting 1én, diéu nay lam cho d6 truyen qua giam
khi tng dung ché tao TCE. Do d6, dudng kinh day nho s& dwoc wu tién hon trong ché tao TCE.
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Vi vy, thoi gian thuy nhiét bang 8 gi¢ 1a diéu kién chuén d¢ ché tao CuNW nham ché tao TCE
dua trén day nano dong sau nay.

4. Két luan

Trong nghién ctru ndy, ddy nano dong di dugc tong hop thanh cong bang phuong phap thay
nhiét. CuNW dugc tong hop véi diéu kién t6i wu c6 dudng kinh trong khoang 25 — 50 nm va
chiéu dai day 1én téi 150 pm. Day dugc phan tan tot trong dung méi IPA va ¢ tiém ning img dung
lam muc in trong ché tao dién cuc dan dién trong sudt. Néng dd céc chit ban dau, nhiét do, thoi
gian thity nhiét anh hudng rat 16n dén quy trinh tong hop day nano. Tir nhimg két qua dat duoc,
diéu kién t6i wu dé tong hop ddy thong qua phuong phép thity nhiét 1a: 8 mM oleylamine; 80 mM
glucose; nhiét do phan ting 120 °C; va thoi gian thily nhiét 8 gio. Day CuNW sau quy trinh loc van
con ton tai s it chat hoat dong bé mat va hat nano. Dé ung dung lam dién cuc trong sudt thi quy
trinh loc ddy can dugc cai thién thém nita. Chung ti s& tiép tuc tién hanh cai thién quy trinh loc dé
thu dugc ddy CuNW sach nhét bang cach bo sung thém phuong phép loc chéo pha.
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