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Tém tit:

Kem tin nhiét nén silicon 1a vat liéu giao dién nhiét dién hinh dwoc sir dung dé nang cao hiéu qua trao doi nhiét &
16p tiép giap giita ngudn nhiét va bd tan nhiét cia linh kién dién tir. P& ting hé s6 din nhiét ciia kem nén silicon,
cac chiat dém cé d9 din nhiét cao dwge thém vao va phén tan dong déu trong nén kem, ching han nhu nhém oxit,
kém oxit, graphit, bt nhom... Graphene la vt li¢u c6 nhiéu tinh chit co 1y wu viét, trong dé c6 hé s6 din nhiét cao
(k~5000 W/m.K), do vay vét liéu nay co tiém ning ung dung lén trong linh vuc tin nhlet cho cac linh kién va thiét
bi cong suét 16n no6i chung, trong kem tdn nhiét néi riéng. Bai bao nay trinh bay mét s6 két qua thu dugc trong viéc
ché tao va khio sat tinh chét ciia kem tin nhiét nén silicon chira thanh phin graphene. Pé ting kha ning phén tin
ciia graphene trong nén kem silicon, graphene dwgc bién tinh gin nhém chirc -COOH va sir dung thiét bi nghién bi
ning lwgng cao 8000D Mixer/Mill trong qua trinh phén tan. Két qua khao sat cho thiy, d9 din nhiét ciia kem ting
1én theo ham lwong ciia graphene, wng véi 1% thé tich ciia graphene thi d§ din nhiét ciia kem tin nhiét ting 1én dén
230%. Nhw viy, vat liéu graphene da gitp cai thién tinh din nhiét ciia kem tan nhiét nén silicon, ¢6 tiém niing g
dung 16m trong viéc ning cao hiéu qua tan nhiét cho cac linh kién dién tir va cac thiét bi cong suit 16n.

Tir khéa: graphene, hé so6 din nhiét, kem tin nhiét, silicon.
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Gén day, su phat trién cla cong nghé vi di¢n tu, nano di¢n tu
cho phép cac linh kien dién ttr va quang tir ting manh ca vé mat
do linh kién, cong suét va toc do hoat dong [1]. Tuy nhién, cac
linh kién dién tir cong suat cao nhu dibt phat quang cong sudt cao
High Brightness LED (HB-LED) hay vi xu ly mdy tinh (CPU) khi
hoat dong trong mot thoi gian di dai s& tiéu ton nang lugng va giai
phong nhiét lugng 16n, lam dnh hudng dén tudi tho cua thiét bi [2].
Do vdy viéc cai tién, nang cao hiéu quéa tan nhiét s& gitp kéo dai
tudi tho, ting hiéu sudt va cong suat phat quang, nang cao toc do va
hi¢u qua hoat dong ctia linh kién va thiét bj dién tir cong suét [3, 4].

Do giita bé mit ctia ngudn nhiét va bo tan nhiét khong bang
phé‘ing, c6 d6 nhdm tao thanh cac khe khong khi véi do dan nhiét
thép (0,026 W/m.K), nén viéc st dung kem tan nhiét aé nang cao
higu qua trao doi nhiét tai 16p tiép gidp 1 rat can thiét [5]. Kem
tan nhiét ¢6 cAu tao tir hai thanh phan chinh la nén polyme va
chat dém, trong d6 silicon 1a mot hop chat polyme thuong duoc
st dung lam chét nén do su 6n dinh nhiét d¢, ddc tinh wét, nang
lugng bé mit thip dé co thé trai déu trén bé mat 16p tiép giap gitra
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linh kién dién tir va hé thong tan nhiét [6-7]. Thanh phan dn nhiét
chinh trong kem tan nhiét silicon la chat dém, chung 1a cac hat
kich thudc pm véi do dan nhiét cao dugc phan tan dong déu trong
nén silicon nhu hat cdcbon, nhom oxit, k&m oxit, graphit...[8-12].
Dé nang cao hon nita h¢ s dan nhiét ctia kem thi mot s6 vat ligu
nano di duoc nghién ciru sir dung 1am chit dém nhu hat cau nano
cacbon, 6ng nano cacbon... [13, 15].

Graphene [a vat li€u nano cacbon hai chiéu, tao thanh tir céc
16p nguyén tir cacbon dugc sip xép theo mang luc gide voi lién
két sp? [16]. Graphene di thu hit duoc sy quan tim sau sdc trong
nhiéu linh vye do cac tinh chat vat Iy va hoa hoc dic biét cia
ching. Nghién ctru cua Baladin va cong su chi ra réng, do dan
nhiét trong mat phang cta graphene don 16p 1én toi 5200 W/m.K
[17] (so véi do dan nhiét ciia CNTs 1a 2000 W/m.K va Ag 1a 410
W/m. K) [18, 19]. Tinh dan nhiét wu viét cua graphene (20, 21] da
mora tiém ndng img dung 16n trong tan nhiét cho céc thiét bi cong
suit cao [22-24].

Trén thé gioi di co nghién ctru vé mg dung graphene trong
kem tan nhiét silicon, tuy nghién nghién ctru nay st dung graphene
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Abstract:

Silicone grease is a typical thermal interface material,
which is used to improve the heat exchange efficiency
in the junction between the heat source and the heat
sink of electronic components. To increase the thermal
conductivity of silicone grease, high thermal conductive
additives (aluminum oxide, zinc oxide, graphite,
aluminum powder...) are added and evenly dispersed
in the based grease. Graphene is known as the material
owning many excellent properties such as low density,
high hardness, and high thermal conductivity. It
suggests an approach to the application of graphene
as an additive to enhance thermal conductivity of
silicone grease. In this paper, we present some obtained
results in the fabrication of high thermal conductive
grease containing graphene. The 8000D Mixer/Mill
(High-Energy Ball Mill) equipment was used to mix
carboxylated graphene nanoplatelets (GNPs) and
silicone. The thermal conductivity of the obtained
grease was examined by Transient Hot Bridge THB-
100 equipment. The results exhibited that GNPs was
efficient for the thermal conductivity enhancement of
silicone grease, and it provided a thermal conductivity
enhancement upto 230% with 1.00 vol.% of GNPs. The
obtained results confirmed the advantages of graphene
as an additive in grease for the heat dissipation of high
power electronic devices.

Keywords: graphene, silicone, thermal conductivity
coefficient, thermal grease.
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dé phan tan tryc tiép vao dau silicon bang thiét bj khudy tron co hoc
[25]. Viéc sir dung thiét bi nghién bi ning luong cao dé phan tin
graphene vao nén kem silicon van chua dugc nghién ciru. Trong
béo co nay, chiing tdi trinh bay cac két qua thu duoc trong ché
tao va khdo sat tinh chat kem tan nhiét chira thanh phan graphene
nanoplatelets bang cach sir dung phuong phap bién tinh chirc ning
héa nhoém -COOH va sir dung thiét bi nghién bi ning luong cao
8000D Mixer/Mill dé nang cao hiéu qua phan tan cia graphene
trong nén kem tan nhiét silicon.

Vit li¢u graphene nanoplatelets (GNP) dugc mua tir Hang
ACS Material vai do sach 1a 99,5%, do day 2-10 nm, duong kinh
khoang 5 pm, khéi luong riéng 2,3 g/em’, dién tich bé mat 20-
40 m?/g. B& mit cla graphene dwgc bién tinh gin nhom chirc
carboxyl dé nang cao hiéu qua phan tn trong nén kem tan nhiét
silicon [26]. Cac hoa cht duoc sir dung dé thyc hién quy trinh bién
tinh bao gom HNO, (Merck), H,SO, (Merck). Dau silicon sir dung
trong nghién ctru la polydimethylsiloxane cia Hang Momentive
voi d§ nhot 350 cst va nhiét do bay hoi khoang 300°C. Qua trinh
graphene bién tinh gan nhom chirc duoc thuc hién theo quy trinh
nhu hinh 1.
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Hinh 1. Quy trinh bién tinh graphene véi nhém chiic Gr-COOH.

Sau khi gfn nhom chirc thanh cong, nhém nghién ciru ché tao
kem tan nhiét theo hai quy trinh nhu hinh 2 va so sanh két qua
giita hai quy trinh nay dé tim duoc quy trinh phu hop trong viée
ché tao kem.
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Hinh 2. Quy trinh téng hgp kem tan nhiét nén silicon chia thanh phan
graphene.
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* Quy trinh 1:

- Budce 1: khqu tron vét liéu Gr-COOH véi kem nén silicon
bang phwong phép co hoc thong thudng dé thu duge hdn hop.

- Budce 2: nghién hdn hop thu duoc & bude 1 bang thiét bi
8000D Mixer/Mill (High-Energy Ball Mill) trong thoi gian tir
0,5-3 gior dé thu dwgc kem tan nhiét nén silicon chira thanh phan
graphene.

* Quy trinh 2:

- Bude 1: pha tron vat liéu Gr-COOH vao du silicon vé6i ty 1&
1:10 thu dugc hon hop dau/Gr.

- Budc 2: khudy tron hon hop daw/Gr véi kem nén silicon.

- Bu6ce 3: nghién hdn hop thu duoc & bude 2 bang thiét bi
8000D Mixer /Mill (High-Energy Ball Mill) trong thoi gian tir
0,5-3 gior dé thu dwgc kem tan nhiét nén silicon chira thanh phan
graphene

dung dé kiém tra hinh théi hoc bé mat va sy phén tan cla graphene
trong nén kem tan nhiét. Thanh phén hoa hoc trong kem tan nhit
duoc kiém tra boi thiét bi quang pho chuyen d6i hong ngoal FTIR.
Phé tan xa Raman dugc sit dung aé klem tra nhig bién dbi ciu
tric vat liéu graphene sau khi bién tinh gin nhém chirc -COOH. Do
dan nhiét cua kem tan nhiét dwoc xac dinh béng thiét bi Tranient
Hot Bridge THB-100.

Ket qua

Hinh 3 1a anh FESEM cua cac hat graphene nanoplatelets, do
day cua graphene trong pham vi tir 2-10 nm, duong kinh trung
binh khodng 5 um véi d¢ sach cao va d¢ tinh khiét 99%.

e

IMS-NKL 5.0kV 8.7mm x100k SE(M)

Hinh 3. Anh FESEM ciia graphene nanoplatelets.

Hinh 4 1a phé tan xa Raman cua vat liéu trude va sau khi bién
tinh gin nhom chitc -COOH. Vi vat liéu graphene két qua cho
thiy, cic ddc diém ndi bat nhat ciia graphene ¢ bude song 1584
cm 1a dai G (graphit) va dai 2D & budce song 2682 cm™ [26]. Dinh
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G sinh ra tir mang graphene dic trung cho tinh trat ty ciia cau tric
trong d6 cac nguyén tir cacbon sap xép theo trat ty dang vong séu
canh. Dinh 2D la dai ddc trung ctia graphene, n6 dugc hinh thanh
tir dao dong ctia cic nguyén tir cacbon ¢ trang thai sp? [26]. Nhu
vy, v6i graphene chua bién tinh két qua cho thdy graphene khong
xuat hién dai D, thé hién r?mg graphene c6 d9 tinh khiét cao.

Két qua Raman ciia Gr-COOH xuat hién dai D tai budc song
1340 cm! thé hién khiém khuyét cua vat liéu graphene. Diéu nay
cho thdy sy tin cong cua axit vao mang graphene, do do tao diéu
kién cho sy neo dau cua cac nhom -COOH trén graphene. Ty
1¢ cuong d6 ddi D so véi dai G (I/1,) thé hién d¢ sai hong ciia
graphene [27]. Sy gia ting ty 1€ cuong d¢ dinh [ /1 cho thay su
bién dbi tir lién két sp* (C=C) thanh lién két sp* (C-C) trén bé mat
graphene sau khi xir Iy bién tinh trong hon hop dung dich axit
HNO, va H,SO, [28].
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Hinh 4. Phé Raman ctia GNP va Gr-COOH.

Hinh 5 14 két qua do pho hong ngoai bién doi FTIR cia vat
ligu graphene va Gr-COOH. Két qua cho thy ton tai cac dinh dic
trung ¢ budce song 3340 cm!, day la dinh dac trung cho sy dao
dong kéo dai cua lién két O-H trong H,0 [29]. Céc dinh dao dong
trong ving 3340 cm™ ¢6 xu hudng md rong vé phia tan s thap
sau khi bién tinh 1a do anh huong cua céc lién két O-H trong nhém
-COOH. Két qua cho thy, sy xuét hién thém dinh ¢ budc song
1633 ecm duoc cho 14 sw rung dong trong mit phing (C=C) cia
than chi va dinh 1064 cm™ hién thi su rung dong cua lién két C-0.
Két qua phd hong ngoai ciia Gr-COOH cho thiy xut hién thém
dinh 1708 cm’! tuong (g v6i dao dong ciia lién két C=0 trong
nhom -COOH [29]. Cac dinh dic trung trén pho FTIR d cho thay
sur ton tai ctia nhom carboxyl trén bé mat graphene sau khi duge xir
Iy gén nhém chirc bing hdn hop axit HNO, va H,8O,
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Hinh 5. Phd FTIR ctia graphene va Gr-COOH.

Hinh 6. Hinh anh miu kem dugc ché tao vdi thoi gian nghién khac
nhau.

Hinh 6 12 anh chyp ctia kem tan nhiét silicon chura 1 vol.% véi
thoi gian nghién khac nhau theo quy trinh 1. C6 thé nhén thay, vé
mat trye quan khi tang thoi gian nghién tir 30 phut 1én dén 3 gio
thi mau sac cta kem tan nhiét sim dan, diéu nay cho thay hiéu qua
phan tan ting theo thdi gian nghién va dat dugc gid tri tdi wu sau
thoi gian nghién du 16n. Vi vy, phuong phap SEM di duoc sir
dung dé khao sat sy phan tin ctia graphene trong nén kem dé xéc
dinh thoi gian nghién t6i wu.

Hinh 7 1a anh SEM cua kem tdn nhiét silicon dugc st dung
trong nghién ciru, két qua cho thay kem chira mot sb chat dém c6
kich thudc 16n va nhd phan b trong kem. Sy tOn tai cua chat dém
kich thudc khac nhau ¢6 tac dung hinh thanh ciu tric xen k& day
dac trong kem silicon, thuan lgi cho viéc dan nhiét trong nén kem.

IMS-NKL 5.0kV 5.1mm x700 SE{M)
N 2 9 R o
Hinh 7. Anh FESEM ctia kem nén silicon.
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Hinh 8. Anh FESEM ciia kem tan nhiét chiia Gr-COOH theo thi gian
nghién,

Hinh 8 la anh SEM cta kem tan nhiét chira Gr-COOH ¢ do
phan giai cao theo thoi gian nghién tir 1 gior dén 4 gio theo quy
trinh 1. K&t qua cho thiy voi thoi gian nghién 1 gio thi vin con
hién twong ty d4m cua graphene trong nén kem tan nhiét. Khi tang
thoi gian nghién 18n thi hién tuong tu dam giam xuong va graphene
dat hiéu qua phén tan t5t & thoi gian nghién it nhdt 3 gio. So sanh
giita két qua nghlen trong thoi gian 3 gio va 4 gio thi thdy ¢6 su
tuong dong nhau vé€ sy phan tan, vi vy c6 thé két luan thoi gian
nghién toi wu dé phan tan graphene trong nén kem tan nhiét silicon
1a 3 gio.

Hinh 9 la anh SEM ctia kem tan nhiét chira Gr-COOH ¢ do
phén giai cao, thé hién graphene phan tin dong déu trong kem va
nén silicon phu déu 1én céc tim graphene. Nhu vay, graphene ¢6
kha ning twong thich tot va phan tan tit trong kem silicon, do d6
1am ting kha ning dan nhiét ctia kem.

IMS-NKL 5.0kV 4.2mm x30.0k SE(M) 1.00um

Hinh 9. Anh FESEM ciia kem tan nhiét chiia Gr-COOH & d phan giai
cao.
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Hinh 10 1a pho Raman cta kem nhiét chira 1 vol.% Gr-COOH.
Trén két qua Raman cia kem xudt hién dinh dic trung cia
graphene, dinh G ¢ budc song 1584 cm™! va dinh déc trung cho
lién két sp? 2D ¢ bude song 2682 em™!. Nhur vy, cac dinh déc trung
graphene xuét hién trong pho Raman ciia kem tan nhiét da khang
dinh réng graphene c6 sy tuong thich, phén tin tot va khong bién
d6i vé mit hoa hoc khi pha tron vao nén kem tan nhiét silicon.

Kem silicon
Kem Gr-COOH
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Hinh 10. Phé Raman ctia kem tan nhiét.

Hinh 11 1a két qua khao sat do dan nhiét ciia kem tan nhiét
chira 1% graphene theo thoi gian nghién khac nhau tir 30 phiit
dén 3,5 gio. Két qua khao sat do dan nhiét cua kem véi thoi gian
nghién khac nhau cho thiy do din nhiét ting khi thoi gian nghién
mau ting. Voi thoi gian nghién 3 gio 46 dan dat gia tri cao nhat 1a
6,048 W/mK. Diéu nay cho thiy sy anh hudng cua hiéu qua phan
tan graphene dén do dan nhiét cua kem tan nhiét 1a rat 16n. Khi
tang thoi gian nghién hon 3 gio thi do din nhiét khong co su thay
d6i nhiéu va dat t6i gia tri bdo hoa, diéu nay 1a phti hop va mot lan
nita khing dinh thoi gian nghién t6i wu 1a 3 gio.

7

6,048 6,038

[=]
|

5,44

4,9

w
1

4,57

3,97

S
|

3,62

w
|

D6 din nhiétk (W/mK)

N
|

-
1

o - T T T T
0,5 1,0 1,5 2,0 2,5 3,0 3,5

Thai gian nghién (h)

Hinh 11. Két qua do dan nhiét véi thoi gian nghién khac nhau.
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Pé d4anh gi4 sy anh huong cua dau silicon trong quy trinh ché
tao, chiing t61 tién hanh khao sat o dan nhiét ciia kem tan nhiét
nén silicon chira thanh phan graphene theo hai quy trinh ché tao
da néu o trén (hinh 12). Két qua do do dan nhiét ciia kem tan nhiét
graphene (g voi quy trinh 1 cho thy, véi ham lugng thé tich cua
graphene 13 0,25%, 0,5%, 0,75%, 1% thi 6 dan nhiét ciia kem
tan nhiét tang 1én lan luot 13 95%, 139%, 179%, 230%. Két qua
do do dan nhiét ctia kem tan nhiét graphene tmg véi quy trinh 2
cho thdy, khi ham luong thé tich cua graphene 13 0,25%, 0,5%,
0,75%, 1% thi d6 dan nhiét ctia kem tan nhiét tang 1én lan luot 1
80%, 64,28%, 62%, 26%. Nhitng két qua nay da cho thdy su khac
biét vé do dan nhiét giira hai quy trinh: véi quy trinh 1 thi do dan
nhiét cua kem tang theo ham lugng graphene, trong khi theo quy
trinh 2 thi d6 dan nhiét ctia kem lai giam dan khi ham lugng cua
graphene vuot qua 0,25%. Didu nay dugc giai thich do quy trinh
2 nhom nghién ctru st dung dau silicone dé hd trg sy phan tan cia
graphene trong nén kem tan nhiét. Tuy nhién, viéc dua thém dau
silicon vao nén kem s& cang lam loang kem tan nhiét, lam giam ty
18 ctia chit dém c6 do dan nhiét cao va tang ty 18 cua dau silicon
c6 do dan nhiét thap, din dén do dan nhiét tong thé ctia kem giam.

300 -
—=— 0% dau silicon
. —#— Gr/dau silicon (1:10)
= 250
=
< 200
[ =
(0
©
o.
B 150
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.© 100
(o]
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o g TTTe——— o
£ s0 7 ‘\\,\\
V4 e
0 T T T T T
0,0 0,2 0,4 0,6 0,8 1,0

Ham lwong Gr-COOH (vol.%)

Hinh 12. Két qua d¢ dan nhiét ctia kem chiia Gr-COOH.

Vé6i phuong phap khudy tron co hoc ma Wei Yu va cong su
da thuc hién két qua cho théy d6 dan nhiét cua kem ting lén dén
668% vai nong do graphene cao 4,25%. Két qua nghién ctru cia
ching t6i tuy thuc hién v6i nong do graphene thap 1a 1% nhung
do dan nhiét da dugc cai thién déng ké, tang 1én 230%, tuc la
gip 3,3 lan so v6i kem nén silcon ban dau. Trong khi d6 & ham
lugng graphene 1% twong (g thi két qua ma nhom Wei Yu dat
duogc ¢6 do dan nhiét chi tang lén khoang 160%. Nhu vy ¢6 thé
thiy, phuong phap nghlen bi niang luong cao cho hiéu qua phan tan
graphene rat tt va gitp nang cao dang ké hé sb dan nhiét cho kem
tan nhiét chira thanh phan graphene.

Ching toi da ché tao thanh cong kem tan nhiét nén silicon gia
cuong vat lieu Gr-COOH. Két qua phan tich Raman, FTIR cho
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thay sur ton tai cia nhom carboxyl trén bé mit graphene sau khi
duoc xur Iy gan nhom chirc hoa hoc bing hon hop axit HNO, va
H,SO,. Cac anh FESEM da chimg minh rang, vat licu graphene
sau kh1 gan nhom chitc -COOH da phan tan tot trong kem bing
cach st dung thiét bi nghién bi ning luong cao. Két qua khao sat
thoi gian nghién cho thay thoi gian nghién t6i wu 1a 3 gio dé dat
duoc sy phan tan tot cia graphene trong nén kem tan nhiét. Do
dan nhiét duoc khao sat boi thiét bi Tranient Hot Bridge THB-100
dd cho thdy do dan nhiét cua kem ting theo ham luong cua Gr-
COOH, g v6i ty 1& 1% thé tich Gr-COOH cho sy gia tang do
dan nhiét cia kem silicon 16n dén 230%. Cac két qua thu dugc da
khang dinh graphene 1a phu gia wu viét cho kem tan nhiét silicon
v c6 tiém ning (ng dung 16n trong linh vyc tan nhiét cho cac thiét
bi dién tr cong suit cao.
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