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Tém tit:

Giay Bucky dugc ché tao bang phlro'ng phap hut lgc chan khong vo’i cac ong nano cac bon sap xép mot ciach ngiu
nhién. Véi phu’o’ng phap nay, glay Bucky tao dugc co ciu triic rong xop va tinh chit nhiét clia glay Bucky phu thugc
nhiéu vao suw tlep xuc cia cac ong nano cac bon véi nhau. Cac tac gia da sir dung hat graphite vo’1 kich thwéc 16m hoa
tron vao trong cau tric glay Bucky, sw ph01 hgp nay giup lam gidm tlep xuc sQi - sgi gilra cac ong nano cic bon bang
tlep xuc hat - sgi gnra hat graphite va ong nano cac bon, tir dé lam giam sw Anh hwéng cia cac ong nano cac bon dén
tlnh chét nhiét cia glay Bucky Hat graphite khi vao mang glay Bucky gitp giam su co rut glay do su co rut cua cic
ong nano cac bon, glup glay gitr dwoc hinh dang sau khi tong hop cho nén lwgng vat liéu diung tong hop glay it hon
va c6 thé tong hop giay Bucky voi do day thap hon. Piéu nay cho phép tiét kiém nguyén liéu va dong thoi cling gitp
ting dd din nhiét riéng cia gidy Bucky tir 0,13 W/mK Ién 0,21 W/mK. Khi thAm véi dau silicon, két qua cho thiy dé
din nhiét ting tir 0,26 W/mK 1én 0,65 W/mK dbi v6i miu khong c6 va c6 graphite, nhiét tré tiép xic sau khi thim
silicon giam di 20 1in. P9 bén nhiét cia gidy ting khi ting nhiét do phan hiy tir 460°C 1én 500°C.

Tir khéa: Gidy Bucky, hiéu tng phoi hop, tém ddin tin nhigt.

Chi s6 phén loai: 1.8

Gidi thiéu

Gidy Bucky dugc b1et den 1a loai vat liéu mang mong
dugc tao thanh tir sy sip xép cua cic dng nano cic bon
thong qua luc lién két Van der Waals. Do d6 ma tinh chét
nhiét ctia gidy Bucky bi anh hudng nhidu boi cdu tric mang.
Nhiéu khao sat cho thiy duong kinh, chiéu dai [1, 2], ty 18
duong kinh/chiéu dai [3], su dinh huéng [4], do dan nhiét
riéng cua cic dng nano cac bon [5], loai dng nano cic bon
don vach hay da vach [6].. . déu c6 anh hudng dén d6 dan
nhiét cua gidy Bucky. Mot vai nghién ctru gan day da nghién
ctru vé hiéu tng ph01 hop cua nhiéu vét liéu nhim lam tang
do dan nhigt nhu két hop graphen nanoplatelet va 6ng nano
cac bon [7], 6ng nano cac bon va éng nano dong [8]... két
qua cho thay su két hop cac loai vat li€u voi nhau gitp cai
thién tinh chét nhiét ro rét. Bang cach stir dung dau silicon
thim vao giay Bucky, nhom tac gia H. Chen [1] da dua ra
ket ludn vé vi€c cai thién do dan nhiét ciing nhu nhiét tro
tiép xtic cua gidy Bucky.

Trong bao cdo nay, ching t6i nghién ciru viéc sir dung
graphite két hop v6i1 6ng nano cac bon vi mot sO nguyén
nhan. Tht nhit ong nano cac bon va graphite nhe va c6 cung
céu hinh tir cdc bon nén dé dang phan tan véi nhau tao hon
hop théng nht. Thu hai, ong nano cac bon dai c6 xu hudng
nam ngang khi tong ‘hop gidy Bucky, trong khi su truyen
nhiét theo chiéu dai dng nano céc bon la chu yeu diéu nay
s& lam han ché kha ning truyén tan nhiét cia gidy Bucky.
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Cho nén chiing t6i nghi dén viéc sir dung hat graphite voi
kich thudc 16n hon véi myc dich 1am diém tya cho cac 6ng
nano cac bon, tao ra cac duong truyen nhiét hi¢u qua hon.

Thuc nghiém

Ong nano cic bon duoc str dung trong bao céo 1a loai
da vach (duong kinh khoang 20 nm, do tinh khiét > 90%)
ctia hing Cheaptubes (M¥). Du silicon st dung ciia hing
Sigma Aldrich (buc) voi do nhot 150 mPa.s.

Trong phan thuc nghiém, ching t6i st dung phwong
phép hut loc chan khong dé ché tao gidy Bucky. Hai thanh
phan dng nano cac bon va graphite dugc phan tin dong thoi
trong dung moi IPA, sau d6 duoc hut bang chan khong qua
phidu loc dé tao 16p mang trén gidy loc 1a gidy Bucky hai
thanh phan. Chiing t6i tién hanh khao sat véi cac ty 1¢ khac
nhau gitra khéi lvong dng nano cac bon va hat graphite theo
huéng ting dan nhu sau: 1:1, 1:3, 1:5, 1:7. Cac mau sau do
duoc chiing t6i tham wét voi dau silicon nham ting sy tiép
xuc gitra cac thanh phan trong gidy Bucky.

Dé nghién ctru d6 din nhiét cua gidy Bucky, ching toi
thiét ké h¢ do nhiét tro theo tiéu chuan ASTM 5470 va sau
do6 tinh toan do dan nhiét. Kha ning chiu nhiét cua gidy
dugc kiém tra bing phuong phap phén tich nhiét vi sai TGA
(thermal grav1ty analysis). Cu tric mang cua gidy Bucky
dugc quan sat bang kinh hién vi dién tir quét SEM.
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Abstract:

Random buckypaper was fabricated by dispersion
and micro-filtration of a suspension of carbon
nanotubes. In this method, the resulting buckypaper
had a porous structure, and its thermal properties were
most dependent on the tangency of individual carbon
nanotubes. To decrease the thermal resistance of carbon
nanotubes, graphite platelets at a large size were mixed
with carbon nanotubes to perform buckypaper. The
experimental result showed that synegertic effects
from two materials could effectively enhance the
thermal conductivity of buckypaper, with the thermal
conductivity increased from 0.13 W/mK to 0.21 W/
mK. The composite buckypaper was fabricated by the
infiltration of silicone oil through the buckypaper. The
experimental result of the composite showed that the
thermal conductivity increased from 0.26 W/mK to 0.65
W/mK, the contact resistance decreased by 20 times,
and the temperature of decomposition also increased
from 460°C to 500°C. Those results proved the effects of
synergy from different materials.

Keywords: Buckypaper, synergetic effects, thermal pad.
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Hinh 1. So do bé tri hé do nhiét tré.

Hé do nhiét tré duge bd tri nhu so d6 hinh 1. Khdi
ddng dugc gia nhiét 1én mot nhiét do nhét dinh va duoc gitr
nguyén trong mot khoang thoi gian dé c6 gia tri 6n dinh.
Céc gia tri T1, T2, T3, T4 tai cac vi tri trén khdi déng nho
duogc Iuu lai trong bd ghi, sau do cac gia tri nay sé dugc
ding d¢ tinh toan nhiét tr trung binh ciia mau.

Theo phuong phap D5470 cua ASTM, dong nhiét Q
duoc cho boi:

Q="AaT (1)
dA

Trong d6, AT =T -T,=T,-T,, A la do dan nhiét ctia khéi
dong, A 1a dién tich bé mat cta khoi dong nho 25 x 25
mm, d, l1a khoang cach cua gilta hai c¢dp nhi¢t T1 va T2
(tirc 25 mm).

Nhiét do tai mat trén cta vat liéu giao tiép nhiét la T,,
duoc cho boi:

d
Ty =T2—d—B(T1—T2) @)

A

Trong d6 d, la khoang cach gilra c@p nhi¢t T, va mat trén
cua lop vat liu giao ti€p nhiét (turc 5 mm).

Nhiét do tai mat dudi cua 16p vat liéu giao tiép nhiét la
T,, dugc cho boi:

d
T, =T, +d—D(T3 ~T,) 3)

C

Trong do, d 1a khoang cach gitra c¢dp nhiét T, va mat
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dudi cua 16p vat liéu giao tiép nhiét (tirc 5 mm) va d. la
khodng cach gitra cdp nhi¢t T, va T, (tirc 25 mm).

Nhiét tré suat 6 duge cho boi:

_ A (4)
0=(T, T,
( ) 9

Thay Q tir cong thire (1) ta duoc cong thic dung dé tinh
nhiét tro:

d
0=(T, —-T,)—2— Q)
(T, D)MT
Két qua va thdao luan

Sau khi ché tao miu, chung toi tién hanh phan tich hinh
dang bang phuong phap SEM, mau dugc dan 1én trén bang
dinh cac bon hai mat, mau Bucky véi thanh phan éng nano
céc bon dugc phong dai 40 ngan lan trong khi mau Bucky
v6i thanh phan ng nano cac bon va graphite dugc phong
dai 20 1an, v&i muc dich 1a quan sat sy twong quan giira cac
thanh phan ciing nhu sy ton tai ctia cac thanh phan trong
mau.

5-4800 10.0

7.9mm x20.0k SE{M) 10/

(B)
Hinh 2. Anh SEM gidy Bucky véi (A) thanh phan 6ng nano cac
bon va (B) két hgp 6ng nano cac bon véi graphite ty 1¢ 1:5.
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Qua anh SEM (hinh 2) c6 thé thiy mang cdu tric cua
gidy Bucky con rét nhiéu 16 xdp do duoc hinh thanh tir cac
soi 6ng nano cac bon sap xép ngiu nhién voi nhau. Cac 15
x6p nay gop phan dang ké vao nhiét tro cia gidy, 1am cho do
dan nhiét cua gidy Bucky giam nhiéu 1an so v6i d6 dan nhiét
clia cac 6ng nano cac bon riéng lé Bang cach phdi tron cac
hat graphlte vdo trong mang gidy Bucky, chung toi mong
muon glam nhiét tro tiép xuc cua cac sgi bang cach thay
thé sy tiép xuc giita cac soi bang tiép xuc gitra soi va hat
graphlte Céc hat graphite dong vai trd 1am cac diém tua cho
cac ong nano cac bon, tao ra duong truyen nhi¢t hi¢u qua
hon. C6 thé thiy véi kich thudc hat 16n rat nhiéu so v6i dng
nano cac bon, thi mét lugng 16n tiép xuc soi - soi s& duge
thay thé bang vai t1ep xUc soi - hat, tr d6 lam gidm nhiét tré
t1ep xuc trong glay Bucky.

Tir d6 thi hinh 3 ta thay, nhiét tr& ciia miu ting khi ting
dan ty 1& khdi lugng graphite trong mau. Trudc hét, diéu nay
ching t6 14 graphite dugc tron 1an vao trong mang Bucky
lam cho bé day ciia mau ting 1én nhu biéu dién trén hinh 3.
Va theo chung t6i, nguyén nhan dan dén sy ting nhiét tro 1a
do sy gia tang tiép xtc nhiét giita cc thanh phan trong mau
khi tang khdi lugng céc thanh phan, diéu nay lam giam do
dan nhiét cia mau. Pong thoi, ting bé day ciing dong nghia
v6i tang bé day lién két giita hai bé mat. Cho nén viéc ting
khéi luong cac thanh phan s& lam giam do dan nhiét va ting
bé day lién két cua mau, két qua 1a 1am ting nhiét tré mau.
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Hinh 3. Nhiét tré gidy Bucky theo cac ty 1& graphite khac nhau
véi khéi lugng dng nano cac bon la 250 mg.

Ban dau chiing t6i khao sat voi khdi lugng dng nano cac
bon it, 1am cho gidy Bucky tao thanh c¢6 bé day nho, kho
thao tac, gidy d& bi rach khi 1iy ra khoi gidy loc, nén ching
toi quyét dinh tang lugng 6ng nano cac bon. Chung t6i nhan
thay rang gidy Bucky day hon s¢ dé dang boc tach ra khoi
gidy loc. Twong tmg v&i lugng dng nano cac bon thi luong
graphite ciing ting theo, tuy nhién ty 1¢ giira hai thanh phan
van dugc ching toi tiép tuc khao sat voi cac ty 1€ 1:1, 1:3,
1:5, 1:7.
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Céc mau gidy Bucky sau d6 dugc ching toi thim udt
silicon nham gia tang su tiép xuc nhiét glu:a cac thanh phan
v6i nhau. Két qua do nhiét sau d6 cho thy nhiét trg cua gidy
Bucky giam di rat nhidu. Quan sat hinh 4, véi miu Bucky
nhiét tré ting kha nhiéu theo bé day cua mau, tuy nhién
cling cdc mau do6 sau khi thim silicon thi nhiét tr& giam rd
va su thay doi nhiét tr¢ theo bé day ciing thip hon nhiéu.
Sau khi thdm uét véi dau silicon bé day ciia cic méu ciing
thay ddi it hon. Pudng cong biéu dién sy thay ddi bé day
trén hinh 4 cho thdy, miu c6 ty 18 graphite cao hon sau khi
tham silicon thi d6 thay dbi theo bé day giam nhiéu hon.
Tham chi véi ty 1& 1:7, mau sau khi thim c6 bé day nho hon
trude khi thim silicon.

Giai thich diéu nay, chung t6i cho rang khi dugc tham
dau silicon, cac 6ng nano cac bon phén tan lam thay d6i hinh
dang cac soi, dan dén 1am tang bé day cua mau. Truong hop
cua graphite v6i dang khéi thi sy thay d6i hinh dang trong
dau silicon it hon, thim chi 1a khong xay ra, nén bé day mau
tang khong nhiéu. Khi cang tang khéi lwong graphite trong
mau, dong thoi 1a g1am lwong 6ng nano cac bon trong mau,
swr anh hudng ciia dng nano cac bon 1én sy thay ddi bé day it
hon, do d6 ma bé day ciia mau khong ting nhiéu.
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Hinh 4. Két qua nhiét tré ctia miu Bucky va Bucky tham silicon
véi khéi lugng 6ng nano cac bon la 600 mg.

Dé lam rd hon vé vai trd cua silicon va graphite trong
cAu truc gidy Bucky, chung toi bién luan dya trén khai niém
nhi¢t tré hiéu dung cta vat liéu. Nhu chiing ta da biét, nhiét
tro hiéu dung cua vat li€u bao gém hai thanh phén la nhiét
tré riéng va nhiét tré tiép xtc duoc biéu dién nhu trong cong
thtrc (6). Trong doR,, dng 1a nhiét tro hi€u dung; BLT la (;Ié
day lién két nhiét hay bé day cua lop vat lieu, k. 1a do dan
nhiét riéng, hai thanh phan nay tao nén nhiét tro riéng cua
vatlieu; R vaR, lan luot 14 cac nhiét tro tiép xtc gitra bé
mat tiép xuc va vat ligu.

BLT

Rhiéu dung = —+ Rcl + R (6)

kTim

TAP CHI

HOA HOC

ONG NGHE I} Nam 60(3) 3.2018

Tur két qua hinh 4 ta théy, nhiét trd cuia mau tham silicon
giam tir 3 dén 5 1an so v6i mau khong thim silicon. Tir d6
¢6 thé noi rang dau silicon da gitp cai thién nhiét tro cho
gidy Bucky. Trudc hét, khi so sanh hai mau c6 va khong ¢
tham silicon, thi mau c6 tham silicon c6 d6 mém déo hon so
v6i mau khong thim, nén khi lip vao hé do thi miu c6 tham
silicon dwoc ép khit hon, dong nghia véi viée mau ¢ thim
silicon tiép xtic tot hon so v6i mau khong thim.

Khi pha tron graphite vao trong ciu trac gidy Bucky, ciu
trac khoi gitip cho cac hat graphite it bi thay d6i hinh dang
khi thdm dau silicon, nén d6 day mau it thay doi hon. Bén
canh do, voi gidy Bucky chi gdm cac dng nano céc bon,
nhu trén anh SEM ta théy thi cac so1i chi tiép xuc tai mot vai
diém trén chidu dai cua soi va tao ra kha nhidu khong gian
tréng giita ching. Khi tron cac hat graphite vao trong cau
trac s& lam tang sy tiép xtc giira cac thanh phan véi nhau,
dan dén it khong gian tréng hon, hay néi cach khac 1a ting
d6 dan nhiét cho mau. Nhu vy viéc thay thé graphite vao
mau di dat t6i muc tiéu giam bé day lién két va ting do dan
nhiét cua gidy Bucky, dong gop vao viéc 1am giam nhiét tro
hiéu dung cho mau.

Nhu vy voi két qua do nhiét trd ban dau ta c6 thé thdy
duoc vai tro cia silicon va graphit trong gidy Bucky. Silicon
gitip lam ting tiép xtc gitta mau voi mit tiép xac nhd viée
cai thién do mém déo cho mau. Graphite thi cé vai tro céi
thién ciu trac cho gidy Bucky, giup lam giam nhiét tro riéng
cla gidy.

Tir két qua nhiét tré ciia cac mau, chung t6i nhan thay 1a
khi 6 su hd tro cua dau silicon, nhiét tré cta cac mau duge
dua vé gia tri gan nhu nhau, diéu nay c6 thé dan dén xu
hudng ting khéi lwong graphite trong mau dé c6 thé giam
t6i da lugng 6ng nano cac bon, tham chi co thé thay thé
hoan toan bfing graphite. Tuy nhién, két qua thuc nghiém
cho thiy néu tiép tuc tang ty 1¢ graphlte trong mau thi s&
lam glam co tinh cta glay Bucky, neu khéi lugng graphite
qué nhidu thi khong thé tao thanh gidy Bucky. B&i vi, vai trd
cua graphite trong giéy Bucky la chat don dé cai thién tinh
chat cta mau, trong khi d6 éng nano cac bon dong vai tro 1a
tao mang lién két cho gidy Bucky, cho nén viéc ting luong
graphite trong gidy Bucky ciing c6 gi6i han. Do do, trong
bao cao nay ching toi ding lai ¢ ty 1& dng nano cac bon va
graphite 1a 1:7 dé gidy Bucky van con co tinh dam bao cho
khi ng dung lam tam dan.

Dé c6 két luan chat ch& hon, chiing t6i tién hanh tinh toan
d6 dan nhiét cua cac mau gidy. Dé co cac két qua, chung toi
tién hanh do nhiét tr& cia cac mau v6i cac bé day khac nhau
va ngoai suy ra cac gia tri do dan nhiét.

TU ti€u chudn ASTM D5470 [9] ta c¢6 phuong trinh
duong thing tinh toan do dan nhiét theo cong thic (7).
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Trong d6 O 1a nhiét tro do dugc, t la d6 day cua lop
vat liéu. Tu phu'(mg trinh duong thing nay ta ¢ thé tmh
dugc d6 dan nhiét khéi ks chinh la nghich dao cua h¢ s6
goc, nhiét trd tlep xuc la glao diém cua duong thang va truc
tung. C6 thé thay cac dai lwong nay tuong duong vdi cac dai
luong trong cong thirc (6) ma ta da str dung trude do.

Str dung cac s6 liéu, chung t6i c6 dugc cac duong théng
biéu dién trén hinh 5. Va véi cach xac dinh nhu trén, ching
toi c6 duoc d6 dan nhiét va nhiét tro tiép XUc cla cac mau
dugc tom tat trong bang 1.
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Hinh 5. Pudng thang tinh toan do din nhiét clia cic miu.

Bang 1. Tém tat két qua do dan nhiét va nhiét tré tiép xic cta
cac mau.

Méiu D§ din nhigt  Nhiét tré tiép
(W/mK) xtc (m*K/W)
Bucky 1 thanh phin 0,13 0,0002
Bucky 1 thanh phin thim silicon 0,26 0,00001
Bucky 2 thanh phan 0,21 0,0004
Bucky 2 thanh phin thim silicon 0,65 0,00002

So sanh d¢ dan nhiét ciia mau mot thanh phan khong
chtra graphite véi mau hai thanh phan c6 chtra graphite, ta
thiy d6 din nhiét ting tir 0,13 W/mK 1én 0,21 W/mK, sy
tang d6 dan nhiét cho thiy hiéu qua viéc thay doi ciu triic
ctia graphite dan dén cai thién d6 dan nhiét cho gidy Bucky.
Nhin vao su tuyén tinh cua céc s6 liéu trén hinh 5 cia mau
hai thanh phan, c6 thé nhan dinh 12 mau hai thanh phan c6
d6 6n dinh ciu trac hon so véi mau mét thanh phan. Theo
chung 6i 1a do cac dng nano cac bon khi sip xép véi nhau
tao thanh rat nhiéu khoang tréng, 1am cho méu bj xép, khi
dua vao hé do dac bi ép lai thi do day c6 su thay d6i nhiéu.
Khi cho thanh phan graphite vao cdu trac, sy két hop giira
dang hat va dang soi giup giam thiéu cac khoang trng, gitp
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cau trac mau xép chat va on dinh hon. Piéu nay ciing 1a
nguyén nhan lam cho mau chtra graphite c6 d6 dan nhiét
cao hon.

Do dan nhiét ciia mau ciing duoc cai thién bai sy co
mat cua silicon, bé"mg chimg 1a d6 dan nhiét ciia mau tham
silicon ciing tang hon so véi mau khong thdm silicon. Tuy
nhién, d6i v6i mau mot thanh phan thi ching t6i c6 nhan
xét 13 hiéu qua cai thién cia silicon kém hon. Vi mau mot
thanh phan d dan nhiét khi c6 silicon chi tang 2 1an, tir 0,13
W/mK 18n 0,26 W/mK. Con mau hai thanh phén do dan
nhiét ting hon 3 lan, tir 0,21 W/mK lén 0,65 W/mK. Nhu
da dé cap trude do, khi silicon tham vao trong glay Bucky
con lam thay doi cAu trac ciia glay bing cach thay doi su sdp
xép cla cac thanh phan trong gidy. V6i mau mot thanh phan
chi gdbm cac soi dng nano cac bon, cac sgi phan tan nhiéu
hon trong moi truong cuia silicon va bi tach roi xa nhau hon,
diéu nay han ché mot phan su truyén nhiét trong gidy. Vi
mau hai thanh phan, do graphite it bi phan tan hon nén sy
truyén nhiét khong bi anh huong nhiéu, két qua 1a hiéu qua
tan nhiét tot hon.

Tuy nhién, vai tro cua silicon thé hién rd hon & viéc cai
thién nhiét tré tiép xuc ciia mau. Dua vao két qua trong
bang 1, ta thay rang s c6 mit cia silicon da gitip 1am giam
nhiét tro tiép xuc xudng 20 1an. Trong khi su sai khac nhiét
tré tiép xtc cta hai mau mot va hai thanh phan chi gip
2 lan va sy sai khac nay hau nhu ciing khong dbi sau khi
thAm silicon. Su cai thién nay lién quan dén viéc silicon
gitip 1am giam d¢ ctng ctia mau, 1am ting kha ning twong
thich ciia mau véi bé mat tiép xuc. Bén canh d6, su c6 mat
cua silicon trong mau con gitp thay thé cac khoang khong
tréng tao thanh trong mau, gitip ting cudng su tiép xtic nhiét
bén trong ciu tric.
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Hinh 6. Két qua TGA clia mau mot thanh phan va hai thanh
phan.
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s Khoa hoc Tu nhién

Bén canh viéc cai thién d6 dan nhiét cho giéy Bucky, két
qué phén tich nhiét vi sai con cho thiy kha ning chiu nhiét
t6t hon ciia mau Bucky hai thanh phan. Két qua dugc ching
t6i so sanh trén hinh 6, cho thay nhiét ¢4 phan hay cta miu
Bucky mét thanh phén vao c& 460°C, trong khi mau hai
thanh phan nhiét d6 nay khoang 500°C.

Nhiét do phan hay cta gidy Bucky hai thanh phan cao
hon déng nghia véi viéc mau c6 do bén nhiét cao hon. Piéu
nay sé& gitp kéo dai thoi gian st dung ctia miu, ting hiéu
suat truyén tan nhiét khi dua vao tng dung.

Keét luan

Nhu vy, bang cach pha tron graphite vao trong cau tric
gidy Bucky, chung t6i da dat dugc cac két qua nhu sau: 1)
Tang do dan nhiét va giam nhiét tré hi€u dung cho giéy;
2) Gitip 6n dinh cau tric cho gidy Bucky; 3) Tang d6 bén
nhiét, giup kéo dai thoi gian st dung cho gidy Bucky; 4)
Giam luong 6ng nano cac bon st dung, gitip tiét kiém chi
phi ché tao.

Viéc pha tron graphite vao trong ciu tric giup tao ra
dang cAu trac méi, tao nén hiéu qua phdi hop gilia cac dang
vat liéu c6 cung dang thu hinh véi nhau, giup cai thién
tinh chat ctia vat liéu ban dau. Diéu ndy ciing mé ra huéng
nghién ctru méi trong viéc cai thién cau tric cia gidy Bucky
truyén thong.

Chiing t6i chan thanh cam on su hd trg tai chinh tir Bo
Khoa hoc va Cong nghé¢ thong qua de tai “Nghién ctru cong
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nghé ché tao mang mong truyén nhiét trén nén nano cac bon
ung dung cho cac thict bi dién va dién ti”, ma so PM.17.
NC/16.
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