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TOM TAT

Thoi gian gan day, viéc tong hop, xac dinh dac diém va tng dung ctuia hat cacbon
nano (CNPs) dang nhan duoc nhiéu cht y. Trong nghién cttu nay, chung toi
nghién ctu su anh huong cua thoi gian thuy nhiét dén déc trung quang hoc cuia
CNPs dwoc ché tao tir hat dau nanh bing phuwong phép thiy nhiét. Cdu tric, hinh
thdi va tinh chat quang ctia CNPs duoc nghién cttu thong qua cac phép do nhiéu
xa tia X, chup anh kinh hién vi dién t truyén qua, va quang phé huynh quang.
Két qua CNPs thu duoc cd cuong dd phat quang thay doi theo thoi gian thuy nhiét
va dat gid tri 1on nhat ¢ng véi 36 gio. CNPs phat quang trong vung xanh lam
(Blue) dén vung xanh la (Green) véi dai huynh quang rong khoang tir 380 dén 650
nm. Phé phat quang phu thudc vao bude song kich thich. Hiéu sudt luong tix dat
gia tri lan luot la 5,4%, 8,1%, 13,5%, 10,8%, va 8,1% twong tng vdi cac thoi gian
thuy nhiét la 9, 24, 36, 48, va 72 gio.

T khoa: Vat liéu phat quang, hat cacbon nano, phuong phap thuy nhiét, thoi gian

thay nhiét, hiéu suat luong t.

1. MO PAU

Trong nhiing thap ky gan day, c6 rat nhiéu cac nghién cttu tdp trung vao cac
vat liéu cacbon méi xuat hién. Véi cac dac tinh ndi bat vé 1i hda, cac vat liéu nay thuc
sw da tao ra dugc su cht y cua cdc nhom nghién ctu trén thé gidi [1-6]. Mot s6 cac ung

dung tiém ndng ctia nhom vat liéu nay cé thé ké dén nhu chup anh sinh hoc, pin mat
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troi, cam bién ion, hdp phuy, siéu tu dién va xtc tac quang [1-6]. Trong do, vat liéu hat
cacbon nano (CNPs) dac biét dwgc cht y boi cac tinh chat wu viét [7-11]. Do ddc tinh
thdp cong véi tinh phat quang twong tu véi vat liéu hat nano ban dan (c6 chita ion kim
loai nang cadmium, selen, tellurium hodc chi) da lam cho CNPs tr¢ thanh mot trong
cac vat liéu htra hen véi nhiéu tng dung tiém nang [11]. Qua trinh tdong hgp CNPs
cling twong ddi dé dang, chi phi thap [7-10]. Rat nhiéu nghién ctru da dwoc thuc hién
v6i cac nguoén cacbon khac nhau, tir cdc phan tit don gian nhw nhu glucose, fructose
hodc sucrose, dén cac polymer phtrc nhu tinh bdt, cellulose, hay cac nguyén liéu co
nguon gdc tir sinh khoi nhu nwdc cam, nuwde chudi, stra, toc nguwoi [12-18].

Thay nhiét la phwong phap duoc sit dung rong rai dé tong hop CNPs vi thuc
hién don gian va dé dang ma khéng can thém bat ky hda chat hogc st dung thiét bi
phtic tap nao [19]. Tuy nhién, chi ¢6 mot s6 bao cao dugc cong bd danh gia anh huong
cua thoi gian thiy nhiét dén cac ddc tinh quang hoc cua CNPs [20-21]. Hon nita, trong
nghién cttu tredc day, nhom tac gia Chengzhou Zhu da thanh cong trong viéc 4p dung
phuong phédp thuy nhiét d€ ché tao hat CNPs tir hat dau nanh [22]. Day chinh la co so
d€ chung t6i tién hanh ndi dung nghién cttu nay. Cu thé, chung toi da thuc hién khao
sat su anh huong ctia thoi gian thuy nhiét dén dic trung quang hoc cua CNPs duoc
ché tao tir hat ddu nanh. Nhiét d6 t6i wu duwoc chung t6i lwa chon dé€ khao sét yéu to
thoi gian thiy nhiét dén tinh chat quang hoc la 200°C. Cac khoang thoi gian thay nhiét
gom cd 9, 24, 36, 48 va 72 gio. Cau truc, hinh thai va tinh chat quang ctia CNPs duoc
nghién ctru thdng qua cac phép do nhiéu xa tia X, chup anh kinh hién vi dién ttr truyén
qua, va quang pho huynh quang.

2. THUC NGHIEM
2.1. Vat liéu va héa chat

Hat dau nanh dwgc mua tai siéu thi Vinmart tai dia phuwong. Nudc cat hai lan
duoc st dung lam dung moi trong nghién ctru. Cac hoéa chat H2SOs (d¢ tinh khiét >
98,0% duoc cung cap bdi hang Sigma-Aldrich), Quinine Sulfate (Merck) duoc sit dung
dé xac dinh hiéu sudt lwgng tir cia CNPs thu duoc.

2.2. Quy trinh va phuong phap ché tao

CNPs duoc ché tao bang phuong phap thiy nhiét. Ban dau, hat dau nanh dwoc
rtta sach bang nudc cat hai an, rira siéu am trong 30 phit & nhiét dd phong va lam kho
trong ta sdy trong 10 gio ¢ nhiét d¢ 50°C. Sau d6, hat dadu nanh dwoc nghién thanh bot
bang may nghién hang RETSCH MM 400 trong thoi 30 phtt véi tan s& nghién 1a 15 Hz.
San pham la 3 g bot dau nanh duoc khudy déu trong 75 ml nudce cat hai lan va cho vao
binh Teflon dé€ thuy nhiét & nhiét dd 200°C. Cac thoi gian thuy nhiét gom c6 9, 24, 36,
48 va 72 gio. Sau qua trinh thay nhiét, dung dich dwgc d€ ngudi ty nhién dén nhiét do
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phong. Tiép dén, chiing t6i dung gidy loc d€ loai bé hat c6 kich thudc 16n bang mang
loc 0,22 um. Cudi cung dung dich duoc ly tam véi téc dd 14000 vong/phut trong thoi
gian 30 phat va bao quan ¢ nhiét d6 phong dé€ st dung.

Dwai anh sang Dwoi anh
phong thi nghiém sang tw ngoai

. NHIET DO: 200 °C DUNG DICH
HAT PAUNANH THOI GIAN: 9, 24, 36, 48, 72 GIO CNPs

Hinh 1. Quy trinh ché tao dung dich cacbon nano.
2.3. Thiét bi va phwong phap do dac

Chuang t6i da stt dung mot s6 thiét bi nhu tu siy MEMMERT UNB 500 — D,
mady ly tam lanh MIKRO 200R hang Hettich — Pttc, may nghién RETSCH MM 400 —
Dtic d€ ché tao vat liéu. Cau trtc ctia vat lidu duoc nghién ctu bang phuong phép
nhiéu xa tia X trén may nhiéu xa D8-Advance Eco ctia hang Bruker — Dtic stt dung
ngudn phat Cu-Ka (A =1,54056 A). Kich thwdc ctia CNPs duoc xac dinh bang phuong
phap chup anh trén kinh hién vi dién ti truyén qua JEOL Jem-1010 ctia hang JEOL -
Nhat Ban voi dién ap gia toc la 80 kV. Céc tinh chat quang cua vat liéu dugc nghién
ctu thong qua pho phat quang va pho kich thich thu dwgc tit may FL3-22 ctia hang
Horiba — Nhat Ban.

3.KET QUA VA THAO LUAN
3.1. Hinh thai va ciu tric

Anh chyp tir kinh hién vi dién ti truyén qua (TEM) ctia mau CNPs véi thoi
gian thay nhiét 36 gio duoc trinh bay ¢ hinh 2. Ttr anh TEM, ching ta c6 thé thay kich
thudc cac CNPs kha dong déu. St dung phan mém phan tich kich thudc hat Image],
biéu d6 phan bd kich thudce cua cdc CNPs da dwgc xac dinh va dwgc trinh bay trong
hinh 3. Dua trén s6 liéu thong ké tir biéu d6 phan bd kich thude, duwong kinh trung
binh ctia cac CNPs dwoc xac dinh 1a 12,25 + 2,98 nm.
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Hinh 2. Hinh anh TEM ctia mau CNPs véi thoi ~ Hinh 3. Biéu d6 phan bd kich thuée hat caa
gian thuy nhiét 36 gio. mau CNPs véi thoi gian thity nhiét 36 gio.
Gian d6 nhiéu xa tia X (XRD) cutia cac mAu CNPs vdi cac thoi gian thuy nhiét
khac nhau dugc thé hién trong hinh 4. Gian d6 XRD cta tat ca cdc mau CNPs gom mot
dinh rong xung quanh goc 26 = 20°. Pay la dinh ddac trung cho vat liéu cacbon v6 dinh
hinh [23]. Két qua nay hoan toan phu hop véi gian d6 XRD ctia CNPs da duoc cong bd
trudc day [13, 15,17, 18].
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Hinh 4. Gian d6 nhiéu xa tia X ctia CNPs ¢ cac thoi gian thtiy nhiét khac nhau.
3.2. Pac trung quang hoc
Dudi anh sang phong thi nghiém, dung dich CNPs ¢6 mau mau nau nhat trong

khi dwoc chiéu boi den t ngoai (UV) véi budce song 375 nm, dung dich CNPs c6 mau
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xanh lam (blue) (hinh 1). Cac dac trung quang hoc caa CNPs hoan toan bi anh huwong
boi cac diéu kién tong hop: thoi gian thuy nhiét, nhiét d6 thuy nhiét va ti 1¢ tién chat
véi dung moi [24]. Két qua do phd phat quang thé hién trén hinh 5 cho thdy thoi gian
thay nhiét c6 anh huwong dang ké dén cueong do phat quang cia CNPs. Cuong do phat
quang tang khi thoi gian thuy nhiét tang. Sau do, cuong do phat quang giam khi thoi
gian thuy nhiét trén 36 gio. CNPs ¢ cac thoi gian thay nhiét khac nhau phat ra anh
sang c6 cung budc séng, nhung ceong do khac nhau va cuong do phat quang tdi vu
dat duoc sau 36 gio thuy nhiét. Két qua nay phu hgp cong bd trudc day [24]. Nhan
dinh ban dau cho thay, viéc kéo dai thoi gian thtiy nhiét da dan dén ting mat do hat
cacbon trong dung moéi va lam tang cuong do phat quang [25]. Thoi gian thay nhiet
qua lau dan dén hién twong dap tit huynh quang [25]. Vi hién twong nay, ching toi
sé danh gia trén co so két qua khao sat hiéu sudt lwong ti nhu duoc trinh bay bén
duwdi.

(b) o) (a)—— 9h
) (b) — 24h
(c) 36h
(e) (d) 48h
(e) 72h

Cuong do (a.u)
Cuong dé (a.u)

T T T T —
400 450 500 550 600 650
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T T T T T
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Budrc séng (nm)

Hinh 5. Pho phat quang cua CNPs 6 cac thoi Hinh 6. Pho phat quang caa CNPs véi thoi
gian thuy nhiét khac nhau. gian thuy nhiét 36 gio khi duoc kich thich boi

cac burdc song khac nhau.

Dé mo6 ta thém cac dac tinh quang hoc, chung to6i da tién hanh do phd phat
quang (PL) ¢ cac budc song kich thich khac nhau, két qua duwoc mo ta trén hinh 6.
Quan sat hinh 6 ta thay, pho PL cua CNPs phu thudc vao budce song kich thich va diéu
nay tuong tu nhuw dic trung phat quang cta cac vat liéu CNPs da cong bo trude day
[15-17]. Ta c6 thé thdy rang, cuong d6 PL tang dan véi bude séng kich thich tir 350 dén
380 nm va sau d6 giam xudng khi duoc kich thich ¢ cac budc séng 16n hon. Vit liéu
CNPs c6 hai vung cyee dai phat quang tai vi tri ~ 440 nm (xanh lam — Blue) va ~500 nm
(xanh 14 — Green). Phd PL cho thay cac dinh phat xa ddc trung dich chuyén dén vi tri
budc song dai (dich chuyén do) tir 425 nm (duwong mau den) dén 500 nm (duong mau
tim nhat) véi budc song kich thich tir 350 dén 450 nm. Theo cac cong bs truede day, hién
twgng nay co thé duoc giai thich la do sy phan bd kich thudc khong dong déu caa 16i
cacbon va nhiéu trang théi lai hda ton tai trén cac hat cacbon [12-18].

43



Anh hieéng cia thoi gian thiny nhiét dén dic tring quang hoc ciia hat cacbon nano

0.9

1| MacAdam eIIipsés ‘

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
X

Hinh 7. Toa d6 mau ctia CNPs (36 gio) khi duoc kich thich & mot s& budce séng khac nhau.

Ngoai ra, ching t6i con sit dung toa d6 mau dé thé hién rd mau sic cia CNPs
khi dwoc kich thich & cac budc song khac nhau. Mau sic ciia CNPs c6 xu hudéng thay
dai ttir mau xanh lam sang mau xanh 1a khi ta tang gia tri ctia budc séng kich thich. Két
qua nay htra hen ting dung trién vong trong viéc tao ra vat liéu thay d6i mau sdc phat
quang bang cach thay ddi budc séng kich thich [26]. Tinh chit nay rat phti hop cho viéc
tng dung trong san xudt den LED [27].

3.3. Hiéu suét lwgng ti

Hiéu suat luong tir (QY) la mot thong s6 quan trong d€ md ta dac tinh cua vat
liéu nano phat quang. Trong do, quy trinh tinh toan duoc chung t6i thirc hién theo tai
liéu tham khao véi quinine sulfate 1a dung dich chuan [28]. D€ tinh toan QY, ching toi
da pha loang quinine sulfate va CNPs ¢ ba nong d6 khac nhau véi diéu kién tat ca déu
c6 d6 hap thu nho hon 0,1 tai budc song 380 nm. Quinine sulfate dwoc hoa tan trong
0,1 M dung dich H2SOx (chiét suat nx 1a 1,33) va CNPs duoc hoa tan trong nuwdc cat hai
lan (chiét suat ny la 1,33). Quang ph6 huynh quang cua dung dich quinine sulfate va
CNPs dugc ghi lai & cung mot bude song kich thich 380 nm. Sau d6, ching t6i vé d6 thi
biéu dién mdi quan hé gitta ceong d6 phat quang va gia tri &6 hap thu dé xac dinh hé
s0 goc mx va my. QY duoc tinh theo cong thirc:

@y = ()
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Trong d6, Trong d6 Py la hiéu sudt lwgng tir cia CNPs, Dx 1a hiéu sudt lvgng
tr ctia dung dich quinine sulfate; my va mx lan luot 1a hé s6 goc ctia duwong phu thudc
cua cuong do phat quang vao d¢ hap thu ¢ budc séng 380 nm cua dung dich CNPs va
quinine sulfate; 1y la chiét suat cua nudc cat hai lan va nx la chiét sudt cia dung dich
H2S04 (y =1x=1,33).

Bang 1. Higu sudt liwvgng tir ciia CNPs ¢ cdc thoi gian thity nhiét khic nhau.

Thoi gian thuy nhiét (gio) Hiéu sudt luong ti (%)
9 54
24 8,1
36 13,5
48 10,8
72 7,3

Két qua tinh toan QY ctia CNPs dwgc trinh bay trong bang 1 va cho thay su anh
huong cta thoi gian thay nhiét dén QY ctia CNPs. QY ctia CNPs tang khi ta téng thoi
gian thuy nhiét va dat gid tri cao nhat 1a 13,5% vo6i thoi gian thay nhiét 36 gio. Khi tang
thoi gian thay nhiét, s6 lwgng cac nhdm chitc duoc hinh thanh trén bé mat 16i cacbon
sé tang ti 1€ [29]. Nhu chung ta biét tinh chdt quang ciia CNPs duoc quyét dinh bdi su
hinh thanh ctia cAc nhém chttc trén bé mat va diéu nay hoan toan phut hop véi két qua
chuing t6i tinh toan dwoc. Cu thé, QY dat gid tri cao nhat twong tng véi thoi gian thay
nhiét 1a 36 gio. Tuy nhién, viéc ti€p tuc ting thoi gian thuy nhiét c6 thé dan dén qua
trinh cacbon hoéa cadc nhém chtic trén bé mit, dan dén lam giam QY [29].

4. KET LUAN

Trong nghién cttu nay chung t6i da tong hop thanh cong vat liéu CNPs véi tién
chat 1a hat dau nanh bang phuong phap thuy nhiét. Két qua khao st cho thay, vat liéu
CNPs phat quang trong vung xanh lam va xanh 14 dwdi tia UV, va phu thudc vao burdc
song kich thich. Két qua thuc nghiém cho thay thoi gian thay nhiét déng vai tro quan
trong va anh huong truc tiép dén cuong do phat quang cling nhu hiéu sudt luong tw
ctia vat liéu CNPs. Vat liéu CNPs khi dugc thuy nhiét ¢ 200°C trong thoi gian 36 gio
cho cuong do phat quang manh nhat va hiéu suat luong tx 16n nhat.
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ABSTRACT

Recently, carbon nanoparticles (CNPs) synthesized from natural materials have
attracted extensive attentions. In this study, we investigated the effect of the
hydrothermal time on the optical properties of CNPs synthesized from soybeans
by hydrothermal treatment. The structure, morphology and optical properties of
CNPs were studied through measurements of X-ray diffraction, transmission
electron microscopy imaging and fluorescence spectroscopy. The luminescence
intensity of obtained CNPs varies with the hydrothermal time and reaches the
maximum value corresponding to the hydrothermal time of 36 hours. CNPs
fluoresce in a wide fluorescence band from 380 to 650 nm. The luminescence
spectra depends on the excitation wavelength. The photoluminescence quantum
yields of CNPs are 5.4, 8.1, 13.5, 10.8, and 8.1 % for the hydrothermal times of 9, 24,
36, 48 and 72 hours, respectively.
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Photoluminescent materials; Quantum Yield.
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Lé Vii Traong Son sinh ngay 31/12/1994 tai Quang Nam. Ong t6t nghiép
Ct nhan Vat Ii tai treong Pai hoc Su pham — Dai hoc Da Ngmg nam 2016.
Nam 2019, dng tot nghiép thac si chuyén nganh Ly ludn va phuong phap
day bo moén Vat 1i tai treong Dai hoc Suw pham — Pai hoc PBa N?mg. Hién
ong la giang vién Khoa Vat li, treong Dai hoc Su pham - Dai hoc Da
Nglng.

Linh vwec nghién ciru: Khoa hoc Vat liéu.

Lé Van Thanh Son sinh ngay 11/02/1968 tai Hué. Nam 1995, 6ng tot
nghiép thac si chuyén nganh Quang hoc tai treong Pai hoc Khoa hoc -

Dai hoc Hué. Hién 0ng la giang vién Khoa Vat li, truong Pai hoc Sw pham
- Dai hoc Da Néng.

Linh vwc nghién ciru: Khoa hoc Vat liéu.

Pinh Thanh Khén sinh ngay 00/03/1986 tai Quang Nam. Ong nhén hoc vi
Tién sy nganh Vat 1i tai Dai hoc Osaka — Nhat Ban nam 2014. Hién 6ng la

giang vién tai treong Dai hoc Su pham - Pai hoc Da meg.

Linh vwc nghién ciru: Khoa hoc Vat liéu.

Nguyén Quy Tuan sinh ngay 10/10/1984 tai Quang Nam. Ong nhan hoc
vi Tién sy nganh Khoa hoc Vit liéu — Céng nghé Nano tai Vién Khoa hoc
va Cong nghé tién tién Nhat Ban (JAIST) ndm 2014. Hién 6ng la giang

vién tai treong Pai hoc St pham - Pai hoc Da Necmg.

Linh viee nghién ciru: Khoa hoc Vat liéu.

Phan Lién sinh ngay 10/08/1985 tai Thtra Thién Hué. Ndm 2010, 6ng tdt
nghiép ct nhan Su pham Vat 1i tai Treong Pai hoc Sw pham, Dai Hoc Da
Néng. Hién nay, 6ng cong tac tai Khoa Vat li, Treong Dai hoc Sw pham,
Dai hoc Da Néng.

Linh vwec nghién ciru: Khoa hoc Vat liéu.
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Trinh Ngoc Pat sinh ngay 03/11/1990 tai Da Nang. Nam 2013, 6ng tot
nghiép Ky st nganh Dién ttx - Vién thong tai Treong Dai hoc Bach Khoa,
Dai hoc ba Nﬁng. Hién dang la hoc vién cao hoc Nganh Ki thuat dién tt
tai Trueong Dai hoc Bach Khoa, Pai hoc Pa Nﬁng, va dang cOng tac tai
Khoa Vat li, Treong Pai hoc Su pham, Dai hoc Ba Ngmg.

Linh vwc nghién ciru: Khoa hoc Vat liéu.

Ping Ngoc Toan sinh ngay 21/07/1985 tai Pht Yén. Ong nhan hoc vi Tién
sy nganh Vat li chat ran tai Lién bang Nga nam 2013 va dugc bd nhiém
PGS vao nam 2018. Hién ong la giang vién, nghién cttu vién tai treong

Dai hoc Duy Tan, Da Nang.

Linh vwe nghién ciru: Vat liéu tir, Vat liéu da chirc nang, Vat 1i chat rin

trong diéu kién ap suét cao.

Lé Vii Thai Son sinh ngay 31/12/1994 tai Quang Nam. Ong t5t nghiép Ctr
nhan Vat li hoc tai treong Pai hoc S pham, Dai hoc Da Ngmg nam 2016.
Nam 2018, dng tot nghiép thac si chuyén nganh Ly luan va phuwong phap
day hoc bd mon Vat i tai Dai hoc S pham, Dai hoc Da Nang. Hién 6ng 1a
Giang vién bo mon Vat li, truong Phé thong Cao déng FPT Polytechnic.

Linh vwc nghién ciru: Khoa hoc Vat liéu.

Ng6 Khoa Quang, sinh ngay 16/09/1984 tai Thanh phd Hué. Nam 2006,
ong t6t nghiép Ctr nhan nganh Vat 1i tai Truong Dai hoc Khoa hoc, Dai
hoc Hué. Nam 2009, 6ng tot nghiép thac si chuyén nganh Quang hoc tai
truong Dai hoc Khoa hoc, Dai hoc Hué. Nam 2014, 6ng t6t nghiép tién si
chuyén nganh Khoa hoc Vat liéu tai Vién khoa hoc va Cong nghé tién tién
Nhat Ban (JAIST). Hién nay, ong giang day tai Truwong Dai hoc Khoa hoc,
Dai hoc Hué.

Linh vwc nghién civu: Hiéu ing Quang phi tuyén, Cong hudng plasmon bé

mat, Vat liéu hat cacbon nano.
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