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ABSTRACT

In this paper, we present the obtained results in the fabrication and
thermal properties of nanofluid-based Coolant 20 containing carbon
nanotubes (CNTs). To improve dispersion efficiency, CNTs materials
were functionalized with an -OH functional group by chemical methods.
After the functionalization process, the CNTs-OH materials were
dispersed into Coolant 20 based fluid by surfactant and the ultrasonic
vibration method. The experimental results of size distribution spectrum
and Zeta potential show that carbon nanotubes were dispersed
uniformly and stably in the based fluid. The presence of CNTs has
improved thermal conductivity of the nanofluid, with a concentration of
1,0 vol.% CNTs showing an increase in thermal conductivity of 65%.
Nanofluid-based Coolant 20 containing carbon nanotubes helped to
improve heat exchange efficiency for components and devices
operating under special conditions, among other applications.

Gidi thiéu chung

ctu, phat trién va dudc Ung dung trong nhiéu san
phdm thiét bi ... do c6 hiéu suét trao ddi nhiét nhanh

Quan ly nhiét déng vai trd quan trong trong viéc nang
cao sy hoat déng &n dinh, d6 bén va tudi tho cho linh
kién va thiét bi dién t&. Hién nay cé nhiéu nhiéu cong
nghé va k§ thuat trong tan nhiét, trong dé cé phuong
phép tan nhiét bang chét 1dng la phucng phap duac
ap dung cho cac linh kién va thiét bj dién t&r cong suét
I&n [1]. Cong nghé tan nhiét sir dung chat Iéng dang
nhan dugc su quan tdm rét I16n cla cac nha nghién

va gia thanh hap 1.

Tuy nhién hién nay cac chat long tdn nhiét thong
thudng nhu nudc, ethylene glycol (EG), propylen glycol
(PG) va dau thudng c6 dd dan nhiét kém, do vay co
gidi han nhat dinh trong viéc nang cao hiéu qua tan
nhiét. Gan day nhiing nha nghién cttu da dua vao chat
ldng mét s6 vat liéu rén co kich thudc nano dé nang
cao do dan nhiét clia cac chat 1ong truyén théng qua
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dé cai thién va tang cudng hiéu suét truyén nhiét cla
chét 1ong [2]. TUr day mot hé chat Iéng mdi dugc ra dai
va phét trién goi la chét 1dng nano (nano fluid — NF),
dinh nghfa cla chét 1dng nano la chat long ¢ chia
cac hat ¢ kich ¢ nanomét bao gébm cac hat nano kim
loai (Cu, Au, Ag, Ni); oxit kim loai (Al203, CuO, Fe203,
SiOz, TiO2); hay ceramic (SiC, AIN, SiN) [3]. Chét long
nano cé dé dan nhiét va hiéu sudt truyén nhiét I6n hon
rat nhiéu so vdi chat 1ong truyén théng dugc st dung
trudc do.

Gan day, 6ng nano cacbon dugc biét dén la mét trong
s6 nhing loai vat liéu c6 do dan nhiét cao nhat dugc
biét dén (kents = 2.000W/mK), diéu nay d& md ra
hudng nghién cliu mdi vé Ung dung vat liéu nay trong
chét 1ong tan nhiét [4]. R4t nhiéu nghién ctu da dugc
phat trién, nhung phan I6n tap trung vao viéc Ung
dung CNTs trong céc chét 1ong nén la nudc cét, EG,
PG hoadc hén hgp cua ching [5-8). Nhitng chét long
nay c6 dai nhiét do hoat déng khé hep, trong khi
nhiing thiét bi dién t hoat dong trong mbi trudng
khéc nghiét nhu khdng gian doi hoi phai ¢ dai nhiét
dé hoat dong réng hon [9]. M6t trong nhiing loai chat
ldng dugc sit dung dé quan ly nhiét cho cac thiét bi
hoat déng trong méi truong khac nghiét la Coolanol
20 [10] v&i dai nhiét do hoat dong tUr -101°C dén 149°C.
Tuy nhién nhing nghién ciu vé chét 1ong nén
Coolanol 20 chifa thanh phan 6ng nand cacbon dén
nay van chua dugc thyc hién. Vi vay trong bao cao nay
ching toi trinh bay nhting két qua dat dugc trong
nghién cliu ché tao va khao sat do dan nhiét clia chét
ldng nano nén Coolanol 20 chta thanh phén 6ng
nand cacbon.

Thuc nghiém va phuang phap nghién cldu
Vat liéu

Vat liéu CNTs cd dudng kinh trong khoang tur 20 - 80
nm, db sach 98% dugc cung dugc ché tao bang
phuong phap CVD nhiét tai Vién Khoa hoc vat liéu.
Chét Idng nén Coolanol 20 dudc cung cép bdi hang
ExonMobil. Cac hda chét sir dung trong bién tinh CNTs
va phan tan bao gom Hz504 HNOs3, SOCk, H20: va
Tween-80 dudc cung cdp bdi hdng hang Sigma-
Aldrich.

Ché tgo chdt ldng nano
DE tang cuong kha nang phan tan clia CNTs vao chét

l6bng nén thi bé mat cla vat liéu CNTs can dugc bién
tinh dé gan vdi cac nhom chiic hoda hoc. Quy trinh bién

tinh CNTs v&i nhdm chic - OH dugc trinh bay nhu trén
hinh 1. Trudc tién, CNTs dugc chiic ndng hda vai nhém
chiic  cacboxyl (-COOH) bang hén  hop  axit
HNO3:H2S04 (ti 1é thé tich tuong Uing 1:3) & nhiét dé
70°C, trong thai gian 5 gid. San phdm thu dugc sau
qua trinh chiic n&ng hda dugc loc sach bang nudc cét
roi sau dé CNT-COOH dugc phan tan trong dung dich
SOClz va dugc khudy lién tuc trong vong 24 gid & nhiét
d6 60°C dé thu dugc vat liéu CNT-COCI. Vat liéu CNT-
COCl sau khi lam sach bang nudc cét dugc loc ria vdi
H.O> dé tao thanh vat liéu CNT-COOH.

HNO Loc rin —
- CNTs-COOH e (CNTs-
H:S04 Shy kho COOH khé
SOCL| 24h
Sy kho CNTs-OH
-— |
24h uot

Hinh 1: Quy trinh bién tinh CNTs-OH

Vit ligu =)
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Loc rira vai H202 CNTs-COCI

.
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f Chit long [:> CNTs/Coolanol |
Coolanol 20 20 Nanofluids

G

Hinh 2: Quy trinh phan tan CNTs trong chéat long

Rung siéu im

DEé phan tan cacbon nano trong chét 1dng, ching téi
st dung quy trinh phan tan dugc mé ta nhu trén hinh
2. Trong quy trinh nay, vat liéu CNTs dugc bién tinh
gan nhoém chiic -OH nhu da trinh bay & trén, sau dé
CNTs-OH dugc phan tan dong déu vao nén chét long
Coolanol 20 bang viéc sit dung chét hoat déng bé mat
Tween-80 két hgp vdi thiét bi rung siéu am trong thai
gian 30 - 90 phut.

Cdc phép do phdn tich

Hinh thai hoc clia cac mau dugc khao sat bang kinh
hién vi dién t& quét hiéu Ung trudng (FESEM, Hitachi
$4800). Cac nhém chic dugc phén tich bang phd
héng ngoai (Prestige 21-SHIMADZU FTIR
spectrometer) trong dai s& song 1000 - 4000 cm™. Phé
tdn xa Raman dugc do bang thiét bj iIHR550 Jobin-
Yvon dudi budc séng kich thich cla laser Ar la 514 nm.
Chét 16ng nano dudc danh gia kha nang phan tan va
sy 8n dinh bang thiét bi ZetaSizer. D& dan nhiét (k)
cla dung dich nano dugc do bang thiét bi Transient
Hot Bridge THB-100.
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K&t qua va thao luan

Hinh 3 cho thdy hinh thai hoc bé mat cia CNTs dugc
khao sat bdi ki thuat SEM véi dé phong dai 100.000
lan. Hinh anh cho thdy vat liéu CNTs ¢ cau tric dang
sqi v&i dudng kinh phan bé trong khoang 20 nm — 80
nm va c6 dé sach cao khi khéng co su ton tai clia cac
tap chat ban nhu thanh phan cacbon vé dinh hinh.

IMS-NKL 5.0kV 4.1mm x100k SE(M)

Hinh 3: Anh SEM clia vat liéu CNTs

K&t qua khao sat phd FTIR va phd Raman cla CNTs,
CNTs-COOH, va CNTs-OH da dugc nhom tac gia cong
b& trong nhiéu cong trinh trudc day [11 -12]. Két qua
do phé Raman clia CNTs, CNTs-COOH va CNTs-OH
xuat hién dinh D & s6 séng 1351cm™ va dinh G & s6
song 1591cm™ trong phé & tat ¢ cac mau. Tuy nhién, ti
lé cudng dd dinh D so vdi cudng dé dinh G (Ib /lg) la
khac nhau déi v&i cac mau khac nhau. Ti 1 Ip/le cla
CNTs-OH cao nhéat (1,87) do dé chic nang hda vdi
nhom chitc OH mau da dugc xtt ly véi axit manh 2 1an
dan dén méu thu dugc cé nhiéu sai hong lam ty 1€ 1o/l
I6n. Trong khi dé ty 1€ Io/ls clia mau CNTs-COOH I3
0,99 va clia mau CNTs Ia thdp nhat Ung véi 0,79. Két
qua khao sat phé FTIR cho thdy mot s6 dinh dac trung
clia céc lién két, trong do dinh xung quanh s& song
3431cm™ do dao déng cla nhém OH, ving nay dudc
md réng ra hon déi véi CNTs-COOH va CNTs-OH.
Pinh xung quanh s& séng 1624cm™ do dao déng cua
lién két C=C dac trung cla mang graphit trong cdu
trdc ctia CNTs. B&i véi CNTs-COOH xudt hién dinh
xung quanh 1728 cm™ va 1581cm™ tuang Uing véi dao
déng cla lién két C=0 va C-O cla nhdm carboxyl. Cac
dinh d3c trung trén khéng con tim thdy & mau CNT-
OH, diéu nay la do cadc nhém chiic OH da thé hoan
toan vi trf clia cdc nhdom COOH trén bé mat clia CNTs.
Nhu vay, két quéd cho thdy qua trinh bién tinh nhdm
chiic COOH va OH da thanh cong trén bé mat cua
CNTs.

Hinh 4 1a két quad khao sat phd phan b theo kich
thudc cia CNTs trong nén chét léng Coolanol 20 vdi
thdi gian rung siéu am khac nhau la 30 phuat, 60 phut
va 120 phut. K&t qua khao sat trén hinh 4a vdi thai gian
rung siéu am 30 phdt cho thdy su tdn tai cla 2 dinh 1a
320 nm va 1,6 pm, diéu nay khang dinh co su tu dam
clia CNTs trong chét 16ng. Vd&i thai gian rung siéu am
la 60 phdt nhu trén hinh 4b cho thdy CNTs da cé su
phan tan t&t hon vdéi su xudt hién chi moét dinh duy
nhat la 240 nm, tuy nhién két qua phén tan chua dat
yéu cau va van con tu dam do kich thudc clia CNTs
nam trong khoang 20 — 80 nm khéng phu hop vdi
dinh 240nm. Két quad phén tan vdi thai gian 90 phut
nhu trén hinh 4c cho thay kich thudc CNTs phan bo
trong dai tu 16 nm - 80 nm, dai nay la phu hgp vdi kich
thudc cla vat liéu CNTs nam trong khoang 20 — 80
nm, diéu nay cho thay thdi gian rung siéu am 90 phut
la can thiét dé dat dugc su phan tan déng déu cla
CNTs trong nén chét ldng Coolanol.
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Hinh 4: Két qua khao sat phd phan b CNTs theo kich
thudc trong chat 16ng vai thai gian rung siéu am: 30
phut (a), 60 phut (b) va 90 phut ()

Hinh 5 la két qua khéo sat thé Zeta cla chat Idng nano
nén Coolanol 20 chifa thanh phan CNTs véi gié tri do
duac la 48,4 mV. Thé Zeta nam trong khoang +40 mV
dén +60 mV cho thay vat liéu cacbon nano cé su phan
tdn bén viing trong nén chat long Coolanol 20.
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Sy gia tang do dan nhiét cla chat Iong nano nén
Coolanol 20 chra CNTs-OH dugc thé hién nhu trén
hinh 6. Trong dé su tang hé s6 dan nhiét dugc tinh
theo cong thuc:

%k=[(k-ko) x100] /ko ™M

Vi ko 1a d& dan nhiét ctia Coolanol 20; k la do dan
nhiét cla chat 16ng nano khi c6 thém thanh phén
CNTs.
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Hinh 5: K&t qua khao sat thé Zeta clia chét Idng nano
nén Coolanol 20 chifa thanh phan CNTs
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Hinh 6: Sy gia tang hé s& dan nhiét ctia chat ldng nano
nén Coolanol 20 chiia CNT-OH

TU d thi hinh 5 cho thay cac mau déu cé do dan nhiét
tdng dan khi ham lugng CNTs tang va nhiét dd tang.
Su tang do dan nhiét clia chét 1dng nano theo nhiét do
co thé gidi thich theo Li va cdng su [13]. Li bdo céo
rang su thay déi su két dam clia cac thanh phan nano
va dé nhét theo nhiét db cling vai chuyén déng Brown
la cac yéu t6& quan trong anh hudng dén do dan nhiét
clia chat ldng [13]. Theo Li, khi nhiét dé tang 1én s& dan
téi nhiing hiéu Ung sau: (i) gidm su tu dém cla céc
thanh phan nano do sy giam nang lugng bé mat, (ii)
tding cudng chuyén déng Brownian do sy gidm dé
nhdét [10]. Su tang cudng chuyén dong Brown 1a co s&
dé dan dén su ting cudng dé dan nhiét clia chat ldng
khi nhiét do tang. Hinh 6 so sanh sy tang cudng doé

dan nhiét ctia cac chat 1dng khac nhau & 30°C va 60°C
cho thdy nhiét dé cao thi d6 dan nhiét ting lén. Ung
véi ham lugng 1,0%vol cia CNTs-OH & 30°C, ta thdy
d6 dan nhiét ctia chat 1dng nano c6 dé tang cudng la
59%. D6 dan nhiét cua chét 1dng nano dat gia tri 16n
nhat 1a 65% Ung véi ham lugng cla CNTs la 1,0 %vol
va nhiét do la 60°C.

K&t ludn

Vat liéu CNTs dugc bién tinh thanh cong vdi nhom
chirc -OH dé phan tan vao chét lIong nén Coolanol 20.
Bang phuong phép rung siéu am két hap vdi chét hoat
déng bé mat cho thdy CNTs-OH dudc phan tan dong
déu vao chét ldng, phép do Zeta cho thédy su én dinh
ctia CNTs-OH trong nén chét long. D6 dan nhiét cla
chét 1éng Coolanol 20 chifa vat liéu CNTs-OH gia tang
65% so vdi chat 1éng thong thudng vaéi ham luong
1,0%vol clia CNTs-OH tai nhiét dé 60°C. Chat long
Coolanol 20 chtra cét liéu CNTs-OH cé dé dan nhiét
tdng cao va ¢ tiém ndng Ung dung trong quan ly
nhiét cho linh kién thiét bj hoat déng & diéu kién khac
nghiét va nhiéu Ung dung khéac.

L&i cAdm on

Nghién clu nay dugc thuc hién vdi su tai trg kinh phi
tU S& Khoa hoc va Cong nghé Ha No&i theo nhiém vy
ma s& 01C-02/05-2019-3.
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