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Ong nané cacbon (CNTs) 1a mot trong sé cac loai vat liéu quy véi hé sé dan nhiét cao dugc biét t6i
hién nay. Hé s6 dan nhiét cla 8ng nané cacbon don sgi dat dén 2000 Wm'K" so sanh véi dd dan
nhiét cla Ag la 419 Wm-'K". Chat 16ng chiia thanh phan CNTs da thé hién nhiéu tinh chat thi vi va
tinh nang dac biét mang dén tiém nang ling dung trong tan nhiét cho thiét bi dién td, nhu bé xi ly
trung tdm may tinh, hay dén LED céng suat I4n... Trong nghién cliu nay, chat I1dng chiia thanh phan
ong nand cacbon da tuéng (MWCNTs) dudc ché tao bing cach phan tan déng déu MWCNTs bién
tinh trong hén hgp ethylene glycol/nudc cat (EG/DW) bang cach si dung chat hoat dong bé mat
Tween-80 va phuong phap rung siéu dm. Su bién tinh thanh céng clia MWCNTs dugc chiing minh
bd&i phép do Raman va phd FTIR. Su phan tan ciia MWCNTs trong chat 16ng dudc khao sat bing thiét
bi Malvern Zetasizer Nano ZS. Chat I16ng chia thanh phan MWCNTs dugc s dung lam chat 1dng tan
nhiét trong hé théng tan nhiét cho dén LED siéu sang bao gém dén dudng LED céng suat 100 W va
den pha LED cong suét 450 W. Cac két qua nghién cliu da khing dinh su uu viét cia MWCNTSs trong
hé théng tan nhiét cho dén LED cdng suat I6n néi riéng va nhiing thiét bi dién ti céng suat I16n néi

chung.

Tu khéa: chéat Iong nané, CNTs, LED céng suét cao, tan nhiét, truyén nhiét.

Chi sé phéan loai 1.8

Gio1i thieu

Tan nhiét 1a nhan t6 quan trong va co sy anh huéng
16n dén viéc thiét ké cho cac thiét bi dién tir cong suét,
trong d6 hiéu suit cua thiét bi dién tir chiu sy anh
hudng dang ké ctia nhiét do. Ngoaira, tudi tho cua thiét
bi dién tir ¢6 thé giam manh khi nhiét lugng toa ra tur
linh kién 16n. Vi vay thach thuc dat ra cho cong nghé
tan nhiét hién nay 1a phét trién nhiing c4u trac dan nhiét
c6 thé gitp giam nhiét do hoat dong cua linh kién, dong
thoi nang cao mat do cong suét cua thiét b dién tir, dic
biét 14 trong cac thé hé vi xtr Iy méy tinh méi [1].

Trong nhitng nim gan day, di c6 nhiéu phuong
phap dugc nghién ctru va phat trién dé cai thién hiéu
qua cho hé théng tan nhiét, mot trong nhitng phuong
phap kha thi nhét 13 ting cudng hiéu qua dan nhiét (tan
nhiét) thong qua chit 16ng tan nhiét ma khong can phai
thay ddi thiét ké co hoc hodc cac thanh phan chinh cua
hé thdng tan nhiét. Cac nha nghién ctru da chimg minh
dugc tdm quan trong ciia chat 1ong nand véi hé thong

*Tac gid chinh: thangbh@ims.vast.ac.vn

TAP CHI

HOA HOC

ONG NGHE I} Nam 2(6) 6:2015

tan nhiét vi nhiéu tinh cht vu viét cua chung [2 3].
Chat 1ong nand duoc coi nhu la mot thé hé chat long
moéi véi tiém nang 16n giup nang cao hi¢u qua truyén
nhiét cta chat long C6 nhiéu yéu t6 anh huong toi tinh
chét nhiét cua chat long nano6 nhu kich thudc hat nano,
chat hoat dong bé mit, kha niang phan tan dong déu,
su On dinh cua chét long va tinh chét nhiét cua cac hat
nand [4].

Khai niém chit long nand dugc sir dung dé chi loai
chat 1ong trong d6 c6 cac hat kich thudc nand phén tan
dong déu va 6n dinh trong chat long nén dé cai thién
tinh chat nhiét ciia chit long. Cac hat nand duoc sir
dung bao gém nhiéu loai vét liéu khac nhau, nhu kim
loai (Cu, Ag, Au, Al, va Fe), gbém st oxit (ALO, va
TiO,), gbém sir nitride (AIN va SiN), gbm sir carblde
(S1C va TiC), chat ban dan, CNTs va cac vit lidu
composit nhu hat nan6 hop kim hay hat 161 nan6 - vo
polymer. Céc chét 1ong tan nhiét thong thuong nhu
dau, nude va ethylene glycol noi chung c6 hé sé dan
nhiét kém khi so sanh v6i hé s6 dan nhiét cta phan 1én
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APPLICATION OF MULTI-
WALLED CARBON NANOTUBE
BASED LIQUIDS IN HEAT
DISSIPATION FOR HIGH-
POWER LIGHT EMITTING
DIODES

Summary

Carbon nanotubes (CNTSs) is one of the
valuable materials with high thermal
conductivity. The thermal conductivity
of single-walled carbon nanotubes
is 2000 Wm'K' as compared to the
thermal conductivity of Ag as 419
Wm'K'. Carbon nanotube based
liquids have shown many interesting
properties and distinctive features
offering the potential of heat dissipation
applications for electronic devices
such as central processing unit (CPU)
of computer, high brightness light
emitting diode (HB-LED), etc. In this
work, a multiwalled carbon-nanotube-
based liquid has been made by even
dispersal of functionalized multiwalled
carbon nanotubes in the ethylene
glycol/distilled water (EG/DW) solution
mixture by using Tween-80 surfactant
and ultrasonication method. The
successful functionalization of carbon
nanotubes has been proven by Raman
and FTIR spectral measurements.
The dispersion of the CNTs in liquids
has been evaluated by using Malvern
Zetasizer Nano ZS instrument. The
CNT-based liquids have been used as
coolants in the heat dissipation system
for several types of HB-LED light
including 100 W streetlight and 450 W
floodlight. The results have confirmed
the advantages of CNTs in the heat
dissipation system for HB-LED and
other high-power electronic devices.

Keywords: carbon nanotubes,
heat dissipation, high power LED,
nanofluids, thermal conductivity.
Classification number 1.8
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céc chit ran. Vi vay chét 16ng chtra thanh phan nand duoc ting
cuong cac tinh chét nhiét nhu hé sb dan nhiét, hé sé khuyéch
tan nhiét, do nhét va hé sé truyén nhiét dbi luu khi so sanh véi
cac chat long nén khong chura thanh phén nano [5].

CNTs l1a mdt trong sb nhiing loai vat liéu quy voi do dan
nhiét cao. Hé s6 dan nhiét cia CNTs don soi 1a 2000 Wm™'K"!
so sanh véi do dan nhiét cia Ag 1a 419 Wm'K-! [6-8]. Diéu nay
da goi mo mot cach tiép can trong viéc ing dung CNTs trong
chét long tan nhi¢t cho déen LED va céac thiét bi dién tu cong
suét 16n [9-17]. Trong bai bao nay, chiing t6i tong hop nhiing
két qua nghién ciru da dat dugc trong tng dung chat 16ng tan
nhiét chira thanh phan MWCNTs cho dén LED cong suat 16n
bao gém: dén pha LED cong sudt 450 W va dén duong LED
cong suit 100 W.

Thuc nghiém

Vatligu MWCNTs dugc chung toi ché tao tai Vién Khoa hoc
vat liéu (Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam) béng
phuong phap ling dong héa hoc (Chemical Vapor Deposition -
CVD) [18]. Pudng kinh va chiéu dai cita MWCNTSs lan luot 1a
15-80 nm va vai chuc pum. MWCNTs dugc bién tinh v6i nhom
chtrc -OH thong qua cac budc sau day [19]:

- Bu6c 1: MWCNTs duge xtr 1y trong hon hop axit néng
(HNO,/H,SO, véi ty 1& 1/3) & 60°C trong 6 h.

- Budce 2: Hon hop thu duge tir bude 1 dugce 1am kho trong
moi truong khi Ag & 80°C trong 24 h.

- Bu6c 3: Hon hop thu duoc tir bude 2 duge xir 1y trong
SOCI, d¢ thu duge MWCNTs-COCL.

- Buéc 4: MWCNTs-COCI dugce loc trong H,O, va lam
kho trong moéi truong khi Ag ¢ 80°C trong 24 h de thu duogc
MWCNTs-OH.

Hon hop ethylene glycol/nudce cat (EG/DW) dugc pha tron
bang may khudy tir & nhiét do 50°C va tdc d6 khudy 6,5 vong/s
trong thoi gian 60 phit. Ty 16 vé thé tich cua ethylene glycol
trong hén hop EG/DW 1a 45%. Dé phan tian MWCNTs-OH
trong hon hop EG/DW, chiing t6i sir dung chat hoat dong bé
mit Tween-80 va thiét bi rung siéu am Hielscher Ultrasonics
Vibration. Vat liéu MWCNTs-OH dugc phan tan déng déu
trong hén hop EG/DW véi nong do tir 0,1 d&én 1,3 g/l dé thu
dugc chét 1ong nand MWCNTs. Chat 1ong nand MWCNTSs ché
tao dugc co6 su phan tan tdt do MWCNTs duoc bién tinh véi
nhom chirc -OH va qué trinh phan tan sir dung chat hoat dong
bé Tween-80. Didu nay dugc giai thich Ia do ¢ sy chuyén ddi
ky nudc - wa nudce tai bé mit MWCNTs khi dugce bién tinh gén
nhom chuc -OH, déng thoi chat hoat dong bé mit Tween-80
gitip giam sitrc cang bé mit cta chat long va hd trg su phén tan
cia MWCNTs trong chat long [15]. Hon hop EG/DW chua
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thanh phan MWCNTSs duoc sir dung 1am chat 1ong tan
nhi¢t trong h¢ thong tan nhiét cho dén pha LED cong
suat 450 W va den duong LED cong suat 100 W.

Két qua va thao luan
Sw bién tinh ciia MWCNTs

Su ton tai cua céac lién két ung voi cac nhém chuce
carboxyl (COOH) va hydroxyl (OH) gan vao thanh va
hai ddu cia MWCNTs duoc khao sat bang phd Raman
va ph6 hong ngoai truyén qua (FTIR). Tan xa Raman
la mot ky thuat quan trong dé khao sat sy thay ddi ctia
bé mit va cdu triic cia MWCNTSs. Hinh 1 cho thay su
xuét hién cua hai dai quanh dinh 1583,10 va 1333,69
cm’! trong phd Raman tuong tmg v6i mode dao dong
tiép tuyén (dai G) va mode dao dong hdn don (dai D)
ciia MWCNTs. Cuong d6 cua dai D di voi MWCNTs
bién tinh tang 1én dang ké khi so sanh véi MWCNTs
chua bién tinh. Ty 1& cudng d6 dinh (I/1,) cuadai D véi
dai G1a 0,99 va 1,87 tuong trng véi MWCNTs-COOH
va MWCNTs-OH, t}”/ 1€ nay 16n hon so véi MWCNTs
khong bién tinh (I/1.=0,79). Ty 1€ cuong do cua dai
D voi dai G 1a khac nhau cho thiy sy thay doi trong
cau tric be mit cia MWCNTSs. Sy bién doi nay chi ra
rang mot s nguyén tir cacbon lai hoa sp? (C=C) duoc
chuyén thanh nguyén tir cacbon lai hoa sp® (C-C) tai bé
mat cia MWCNTS sau qué trinh xir 1y trong hon hop
axit HNO,/H,SO,. Ty I¢ v€ cuong do cua MWCNTs-
OH cao h0’n s0 v6i MWCNTs-COOH cho thay ring
sau hai qué trinh xu ly héa hoc da hinh thanh thém
nhimg bién d6i méi trén bé mit cia MWCNTSs [19].

— Pristine MWCNT
= MWCNT-COOH
= MWCNT-OH
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Hinh 2: phé truyén qua FTIR
ciia MWCNT chua bién
tinh, MWCNTs-COOH, va
MWCNTs-OH [19]

Hinh 1: phé Raman ciia
MWCNTs: MWCNTS chua
bién tinh (mau den), MWCNT-
COOH (mau do) va MWCNT5-
OH (mau xanh) [19]
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Hinh 2 m6 ta pho FTIR ciia MWCNTs chua bién
tinh, MWCNTs-COOH va MWCNTs-OH. Mot
s6 dinh quan trong dd dugc quan sat thiy sau khi
MWCNTs duoc xt Iy voi hdn hop axit HNO,/H,SO,.
Dao dong cua lién két O-H trong nhém carboxyl dugc
thé hién ¢ dinh 3431,81 cm, n6 duoc mé rong hon
5o v6i dinh cua lién két O-H trong H,0. Dinh 1707,31
cm™ cho théy su ton tai cua dao dong cua lién két
C=0 trong nhom carboxyl. Piéu nay cho thiy sy ton
tai cia cac nhoém chirc carboxyl bit ngudn tir sy oxy
héa MWCNTs béi hén hgp HNO,/H,SO,, qua dy cho
thdy sy hinh thanh ctia cic nhém chirc trén bé mat cua
MWCNTs. Phé truyén qua FTIR cia MWCNT-OH
cho thay dinh ctia dao dong tmg véi lién két O-H xuét
hién ¢ 3431,81 cm™ va vi tri trung tam cua dinh O-H
dich chuyén Xuéng mot tan s6 nho hon. Su mé rong
cua dinh dao dong 3431,81 cm™! cling nhu su bién mét
cua dinh dao dong ung véi lién két C=0 tai 1707,31
cm! da chirng minh sy tao thanh ctia nhém hydroxyl
trén bé mat cia MWCNTs-OH [19].

Sw phin tin ciia MWCNTs trong hén hop EG/
DwW

Pé khao sat sy phan tan cia MWCNTs-OH trong
hdn hop EG/DW, chung t6i st dung thiét bi Malvern
Zetasizer Nano ZS. Hinh 3 mo ta pho phan bd kich
thudc cia MWCNTs-OH theo s6 luong trong hon hop
EG/DW véi thoi gian 10 phut rung si€u am. Hinh 3(a)
cho thiy ring ngay sau khi rung siéu 4m, MWCNTs-
OH van con ty dam thanh nhiing b 16n, v6i dinh phd
phan tan tai 437 nm va 93,5 nm. Pinh 437 nm tuong
ung voi nhitng tu dam 16n cua MWCNTs-OH, trong
khi dinh 93,5 nm tuong ung véi don sgi MWCNTs-
OH trong hén hop EG/DW. Bé loai bo nhing bo 16n
ra khoi hdn hop EG/DW, ching t6i dé ling dong chat
long trong thoi gian 72 h. Hinh 3(b) cho thay rang,
sau 72 h liang dong ké tir luc rung siéu am, dinh 437
nm khong con xuét hién, didu nay cho thay nhitng b6
16n cia MWCNTs-OH d bi ling xudng day cta hdn
hop EG/DW. Tuy nhién, MWCNTs van tu ddm thanh
nhitng bo nhoé véi kich thudc phan b tir 70 nm dén
270 nm [19].
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Hinh 3: phé phan tan kich thiéc ciia MWCNTs-OH theo s6 heong trong hon hop EG/DW véi thoi gian rung siéu dm 10 phiit:
(a) ngay sau khi rung siéu am va (b) 72 h sau khi rung siéu am [19]

Hinh 4 mo ta pho phan tan kich thudc cua
MWCNTs-OH theo s6 lugng trong hén hop EG/ DW
voi thoi gian rung si€u am duogc khao sat tir 20 phut
dén 40 phat. Trong truong hop 20 phit rung siéu 4m
(nhu trén hinh 4(a)), phd phan bd theo kich thudc cua
MWCNTs-OH theo s6 lugng 14 tir 18 dén 95 nm. Diéu
nay cho thiy rang MWCNTs-OH da phan tén tot hon
trong hon hgp EG/DW véi 20 phiit rung siéu am. Tuy
nhién, khoang kich thudc phan tan van chura hoan toan
khép v6i duong kinh cia MWCNTs-OH tir 15 dén 80
nm. Trong truong hop 30 phut hay 40 phut rung siéu
4am, MWCNTs-OH phan tan t6t trong hdn hop EG/
DW nhu dugc chi ra trén cac hinh 4(b) va 4(c). Phd
phan tan kich thuéc cia MWCNTs-OH theo sé luong
trong hinh 4b va hinh 4c tuong Gng vdi duong kinh
ciia MWCNTs-OH 1a tir 15 dén 80 nm. Céc két qua
trén da cho thay rang thoi gian rung siéu am can thiét
dé c6 duge sy phan tan t6t cia MWCNTs-OH trong
hdn hop EG/DW 1a 30 phut, vi vy chung t6i chon thoi
gian rung siéu 4m 1a 30 phut cho tat ca cac thi nghiém
tiép theo [19].
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Tan nhigt cho dén pha LED céng sudt 450 W

Chung t6i phat trién mot hé théng tan nhiét s dung
chat long MWCNTSs cho dén pha LED cong suat 450
W. Trong hé thong nay, dé tan nhiét bang nhom duoc
tiép xtic truc tiép voi voi 9 chip LED, cac rinh bén
trong dé tan nhiét duoc ché tao dé cho phép chit long
chay qua né va lay nhiét tir cac chip LED. Chét long
MWCNTs duoc bom vao dé tan nhiét voi luu luong
3 cm’/s. Téng cong sudt ciia bom trong hé théng tan
nhiét 1a 1,8 W. Kich thudc va tong cong suit cia quat
tan nhiét 1an luot 1a 120 x 120 x 38 mm va 3,6 W. Thé
tich ctia binh chira chét 1ong 1a 500 ml. Gian toa nhiét
cua dén pha LED dugc lam tu vat liéu nhém vai kich
thude 1a 150 x 120 x 25 mm. Kich thudc cua dé tan
nhiét va chip LED lan luot 12 210 x 210 x 17 mm va
40 x 40 x 3 mm. Cong suit cua chip LED va tong cong
sudt ciia dén pha LED lan luot 13 50 W va 450 W. Nhiét
dd cua moi truong dugce gitr ¢ 20°C cho moi phép do
b@ing cach sir dung may diéu hoa nhiét 6. Nhiét do cua
chip LED dugc do truc tiép bang cach st dung cam
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Hinh 4: phé phan tan kich thiée ciia MWCNTs-OH theo s6 heong trong hon hop EG/DW sau 72 h ling dong tir lic rung siéu am:
(a) 20 phut rung siéu am, (b) 30 phut rung siéu am va (c) 40 phut rung siéu am [19]
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bién nhiét do gan trén chip LED va thiét bi diéu khién
nhiét WH7016E [15].

Hinh 5: dén pha LED céng sudt 450 W sir dung chat long
tan nhiét chiva thanh phan MWCNTs [15]
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—=— Without using CNTs in fluid
—e— nanofluid with 0.3 g/l of CNTs
—— nanofluid with 0.5 g/l of CNTs
—v— nanofluid with 0.7 g/l of CNTs
nanofluid with 1.0 g/l of CNTs
—<— nanofluid with 1.2 g/l of CNTs

Temperature of LED (°C)

Operation time (minute)

Hinh 6: nhiét do cua dén pha LED 450 W do theo thoi gian
véi cde nong dg khdc nhau ciia MWCNTS trong chit long nand [15]

Hinh 5 13 anh cua dén pha LED cong suit 450 W sir
dung chét 1ong tan nhiét chira thanh phan MWCNTs.
Két qua thuc nghiém qua trinh tan nhiét cho dén pha
LED 450 W v&i cac ndng do khac nhau cia MWCNTs
trong chét long nand dugc thé hién nhu trén hinh 6. Tai
thoi diém ban dau nhiét do cua chip LED 1a 20°C, sau
d6 nhiét do cua chip LED dat téi gia tri bao hoa voi
thoi gian hoat dong 40 phut. Khi sir dung hdn hop EG/
DW cho qua trinh tan nhi¢t thi nhiét d bao hoa cua
chip LED dat khoang 55°C. Nhiét do bao hoa cua chip
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LED lan lugt dat 53,7°C, 52,5°C, 51,9°C va 50,6°C
tuong tmg v6i khi str dung chét 10ng nand v6i ndong do
cia MWCNTs lan luot 14 0,3 g/1,0,5¢/1,0,7 g/, 1,0 g/l
va 1,2 g/l. Nhitng két qua trén cho thay bang cach dua
MWCNTs-OH véi nong d6 1,2 g/l vao chét 16ng nand,
nhiét do bao hoa ctia chip LED giam xubng 4,5°C khi
so sanh véi truong hop sir dung chat 1ong khong chia
thanh phan MWCNTSs [15].

Dua vao bang thong s ky thuat cua chip LED, khi
nhiét d6 hoat dong giam xudng 10°C thi tudi tho cua
chip LED tang lén xap xi 2 lan. Do vay, tudi tho ciia
chip LED duoc xac dinh mot cach twong dbi boi cong
thure sau day:

At

L=1,2" (1)

7Trong do L, L va At lan luot 12 tudi tho co ban,

tuoi tho kéo dai thém va do giam nhi¢t do cua chip

LED. Do vay, phﬁn tram tudi tho kéo dai cua dén
LED duogc x4c dinh béi cong thuc:
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Hinh 7: su phy thugc phd‘n tram kéo dai tuéi tho ciia dén pha
LED 450 W vdo néng do ciia MWCNTS trong chat long nané [15]
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Tir cong thire (2), phan trim kéo dai tudi tho cua
dén LED duoc xéc dinh va thé hién nhu trén hinh 7.
Két qua do cho thay rang tudi tho ciia dén LED duoc
nang 1én khi ndng do cia MWCNTs trong chat long
tang 1én. Phan tram kéo dai tudi tho ctia dén LED dat
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dén gia tri bio hoa & 33% khi nong d6 cia MWCNTs
12 1,2 g/l. Phan traim kéo dai tudi tho cua dén LED
gan nhu khong ting véi nong do cia MWCNTSs la
1,3 g/l. Vi vy chung t6i xac dinh 1,2 g/l 1a ndng d6
t6i wru cia MWCNTSs cho dén pha LED cong suét 450
W [15].

Tdn nhiét cho dén dwong LED cong sudt 100 W

s

Hinh 8 13 anh cta dén dudng LED cong suit 100 W
sir dung chat 16ng tan nhiét chira thanh phan MWCNTs.
Trong dén LED nay, dé tan nhiét bang nhom dugc tiép
xuc tryc tiép véi chip LED 100 W, cac ranh bén trong
dé nhom duoc ché tao dé cho phép chit 1ong chay qua
va lay nhiét lugng tir chip LED. Tong cong suit cua
bom tan nhiét 1a 1,8 W. Gian téa nhiét dugc ché tao tir
vat liéu nhom véi kich thude cua gian téa nhiét 1a 100
x 2000 x 45 mm. Nhi¢t d§ cua chip LED va gian téa
nhiét duoc do truc tiép bang cach st dung cam bién
nhiét d6 gan trén chip LED va thiét bi diéu khién nhiét
OMRON. Nhi¢t d0 moi truong dugce gitt ¢ 28°C cho
moi phép do thir nghiém.

w4 100W LED Street Light

—=—on LED (0 g CNTsllitter)
—e—on LED (1.2 g CNTsl/litter)
—+— on Radiator (0 g CNTs/litter)
—v— on Radiator (1.2 g CNTs/litter)
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Hinh 9: nhiét dg cua dén dwong LED céng sudt 100 W khdo sdt
theo thoi gian hoat dong
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Hinh 8: dén dwong LED cong sudt 100 W sir dung chat Iéng chira thanh phan MWCNTs

Hinh 9 13 két qua do nhiét d6 cua dén dudng LED
100 W theo thoi gian hoat dong trong 2 truong hop: st
dung hdn hop EG/DW khong chita MWCNTs va sir
dung hon hgp EG/DW chira MWCNTSs véi ham lugng
1,2 g/l. Trong truong hop khong st dung MWCNTs
trong hon hop EG/DW, nhiét d6 bdo hoa ctia gian
toa nhiét va cua chip LED 1an luot 1a 59°C va 67°C.
Trong trudng hop str dung hdn hgp EG/DW véi nong
do MWCNTs 1a 1,2 g/l,
nhiét d0 bdo hoa cua
gian toa nhi¢t va chip
LED lan lugt 1a 58°C
va 64°C. Bang cach sir
dung MWCNTs trong
hon hop EG/DW, nhiét
dd bao hoa cua gian toa
nhiét va chip LED lan
luot giam xubng 1°C va
3°C.

Két luan

Su bién tinh thanh
cong clia 6ng nand cacbon di dugc minh ching bang
phép do phd Raman va phd FTIR, né di mo ra nhiing
mg dung méi cho tan nhiét trén co s chat long trong
thiét bi dién tr. MWCNTs-OH dugc phén tan thanh
cong vao hdn hop EG/DW bang cach sir dung chat
hoat dong bé mit Tween-80 va phuong phéap rung siéu
am. Hiéu qua tan nhiét ciia dén pha LED cong suit 450
W va dén duong LED cong suat 100 W sir dung chit
long MWCNTs da dugc khao sat va danh gia. Nhi¢t do
ctua den pha LED 450 W, dén duong LED 100 W dat
tGi gid tri bdo hoa sau thoi gian hoat dong lan luot 1a
40 phut va 60 phut. Bang cach dwa MWCNTs-OH vao
hdn hgp EG/DW vé6i ndng do 1,2 g/1, nhiét d6 béo hoa
cua dén pha LED 450 W va deén duong LED 100 W
1an luot giam xudng 4,5°C va 3°C khi so sanh v6i chat
1ong khong chira thanh phan MWCNTSs. Phan trim kéo
dai tudi tho cua dén LED cling dat toi gia tri bao hoa
1a 33%, tuong mg véi nong do toi wu cia MWCNTs
1a 1,2 g/l. Két qua nghién ctru di khang dinh hiéu qua
ctia viéc img dung MWCNTSs trong chit 16ng tan nhiét
cho dén LED ciing nhu céac thiét bi dién tr cong sut
16n khéc.

Loi cam on

Tap thé tac gia giri loi cam on sw ho tro tai chinh
tee Vien Han lam Khoa hoc va Cong nghé Viét Nam (d‘é
tai md s6 VAST.DLT.05/13-14) va Quy Phdt trién Khoa
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hoc va Céng nghé Quoc gia (dé tai ma s6 NAFOSTED
103.99-2012.35). Tdp thé tac gia ciing cam on su ho
tro tai chinh twr dé tai co s6 cuia Vién Khoa hoc vat liéu
v6i md s6 CSTX17.14.
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