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Tom tat: 

Bdo cdo trinh bdy mdt sd kit qud nghiin citu cdng nghi chi tgo, khdo sdl tinh 
chat vd mdt sd ung dung cita vgt liiu dng ngnd cdcbon (CNTs)vd kim cuong nhdn 
Igg thuc Min tgi Viin Khog hgc Vdt lieu. Vien Khoa hgc vd Cdng nghi Viet Nam. 

Bdng ky thudt Idng dgng hdg hgc pha hai (CVD), vdt lieu dng nand cdcbon 
dan tudng (SWCNTs) duang kinh vdi nm vd da tudng (MWCNTs) dudng kinh vdi 
chuc nm, dd sgch dgt trin 90%, sdn lugng 250-300 gram/ngdy dd dugc thuc hiin. 
Cdu hinh thiit bi vd quy trinh cdng nghi chi tgg vdt lieu dd dugc cdp ban quyen. 
Vdt liiu CNTs dinh hirang trin di Si, di Cu vd trin ddu lip kim logi W, vd vdt 
lieu kim cuang nhdn tag chg mdt sd irng dung dd dugc chi tga thdnh cdng. Cdc 
tinh chdt ciia vdt liiu CNTs nhu cdu tnic linh thi, hinh ihdi hgc, tinh chdt Idn 
nhiit, linh chdt phdt xg diin tu trirdng dd dugc khdo sdt chi Hit. 

Mdt sd nghiin citu dinh hudng ung dung sir diing vdt lieu CNTs dd dugc khdo 
sdt vdi nhiiu kit qud ly thit nhu; cdc ddu phdt xg diin tir, ddu dd hiin vi diin tir 
xuyin hdm (STM); cdc vdt liiu td hgp composite nin kim logi (lap mg Cr, Ni; hgp 
kim Cu/CNTs) cd dd cirng egg, chiu mdi mdn; vdt lieu tdn nhiit cho cdc bd vi xir 
ly hode edc linh kiin diin tu cdng sudt egg (CPU, LED). 

Abstract: 

The pgper presents the results of synthesis, properties and applications of 
carbon nanotubes (CNTs) and diamond material made at the Inslilute of 
Materials Science, VAST. 

Single wall CNTs (SWCNTs) with a few nanometers diameter and multi-
material wall CNTs (MWCNTs) material with ouput of 200-250 grams per day, 
purity of 90% were sussessfully synthesized using the Chemical Vapor Deposition 
(CVD) technique. The equipment configuration and manufacturing technology 
have been patented. Vertically aligned CNTs on the Si, Cu subtrates; CNTs on W 
tips and diamond material for several applications were studied detaitly. The 
properties of CNTs materials such as crystal structure, morphology, thermal 
dissipation and characteristics of electronic field emission have been studied 
through measurements like FESEM, Raman scattering, AFM, TEM, etc... 

Some applications using CNTs materials were examined with many interesting 
results such as application of CNTs for the manufacture of electronic emission, 
STM probe; applications of CNTs for the material composite base metal (metal 
coating Cr, Ni, alloy Cu / CNTs) have high hardness, abrasion resistance; CNTs 
in thermal dissipation aterialsfor high power electronic devieces (CPU, LED). 
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GIOI THIEU 

Vat lieu dng nand cacbon (CNTs) da dugc gidi khoa hgc quan tam dac biet ke tir khi phat 
hien vao nam 1991 [1]. Sau gan 20 nam nghien cim phat trien, den nay mpt sd loai san pham 
cdng nghe cao img dyng vat lieu CNTs da dugc cdng bd vdi nhieu tinh nang 'vorgt trpi [2]. 

Vdi cau tnic ddc dao, tinh chat dien tir dac biet (kim loai hoac ban dan tuy thupc \'ao cau 
hinh ciia dng), tinh dan nhiet tdt, tfnh chat phat xa dien tir manh d the phan cyc thap, v.v... vat 
lieu CNTs da va dang md ra nhieu trien vpng img dyng mdi, chang han che tao cac dau phat 
xa dien tir kich thude be; man hinh phang-cdng suat thap; cac dau dd hien vi xuyen ham 
STM; vat lieu tan nhiet mdi trong cac linh kien dien tir cdng suit cao (CPU, LED). Dac biet la 
vdi nhieu tinh chat co hpc qui (nhe, dp ciing cao, dp chiu mai mdn ca va hoa tot, dien tich bl 
mat Idn) CNTs hien la vat lieu gia cudng ly tudng cho nhieu loai vat lieu td hgp mdi nin kim 
loai, nen polymer, cao su, epoxy vdi pham vi img dyng rat rgng. 

Tir nam 2002, Phdng thi nghiem da tiep can dii tugng vat lieu mdi CNTs va din nay vat 
lieu CNTs don, da tudng da trd thanh ddi tupng nghien cim chfnh ciia Phdng thf nghiem ca vl 
nghien cim ca ban, nghien cuu cdng nghe va irng dyng. Trong bai gidi thieu nay, chiing tdi 
tdm luge mpt sd ket qua chinh da va dang tien hanh tai Phdng thi nghiem. Cac md ta ehi tilt 
dugc trinh bay trong cac cdng trinh cdng bd d phin tai lieu tham khao. 

MOT SO KET QUA CHINH 

1. Ket qua che tao vat lieu CNTs, kim cuong 

Cd nhieu phuang phap khac nhau de tdng hgp vat lieu CNTs nhu: phdng dien h i quang 
trong mdi trudng khi tra (arc discharge), bic bay bing laser (laser ablation), ling dgng hoa 
hpc pha hoi (Chemical Vapor Deposition-CVD). Phuang phap CVD thudng dugc lya chgn dl 
tdng hgp lugng Idn vat lieu CNTs vdi chat lugng tit va gia thanh re. 

Hinh 1 la anh chyp he CVD nhiet budng phan ung thach anh dugc lip dat tai phdng thi 
nghiem Vat lieu Cacbon nand, Vien Khoa hpc Vat lieu. Cac khf phan ung dugc dua vao 
budng phan iing bang cac van khf dieu khien tu ddng vdi sai sd ± 0,1 seem (cm^/phiit). Nhiet 
dp ciia budng phan ung dugc dieu khien ty ddng va cd thi dugc khong cbl din 1100 °C vdi 
sai sl ± 2 "C. 

sassc« 

20 nm 

Hinh 1; (a) Hi thiit bj CVD nhiit vd (b) dnh SEM vdt lieu dng cdcbon ngnnd SWCNTs sii 
dung chdt hd trg xuc tdc ALOs (dudng kinh sgi khodng 4nm) 
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Ket qua nghien cim budc dau cho thay, vdi ty le hdn hpp mudi xuc tac Fe(N03)3.9H20: 
Co(CH3COO)2.4H20: (NH4)6Mo7024.4H20:Al203 = 5/3/1/80; ty le khi phan irng Ar/H2/C2H2 
= 300/100/30 seem, thdi gian CVD 30 phut va nhiet dp CVD 800 °C, vat lieu CNTs thu dugc 
ngoai SWCNTs vdi dudng kfnh xap xi 4nm cdn xuit hien cac bd SWCNTs va MWCNTs 
(hinh lb). 

Ngoai ra, vdi viec sir dyng vat lieu xuc tac la mudi FeCU ndng dp 0,01 M hoac hdn hgp 
ciia muli FeCb vdi Co(CH3C90)2 0,02M, hon hgp cua muli FeCb vdi Ru (CH3C00)2 
0,02M dugc phii tren be mat de Si02/Si; khi phan img la metan (CH4) va H2 vdi ty le 1:2; 
ting luu lugng ddng khi 300 seem; thdi gian CVD 60 phiit va nhiet dp CVD 950 X, vat lieu 
CNTs thu dugc la cac don sgi SWCNTs vdi chieu len tdi 4mm (hinh 2a). 

Dudng kinh ciia cac dng SWCNTs dugc xac dinh thdng qua cac phep do Raman, AFM va 
TEM. Hinh 2b la ket qua do phd Raman dudi budc sdng kich thich 514 nm tren cac mau 
SWCNTs mpc tren de Si02/Si vdi vat lieu xiie tac: (*) hdn hpp mudi FeC^ vdi Ru 
(CH3COO)2 0,02M; (**) va (***) muli FeCh 0,01M. Phi Raman cua cac mau tren hinh 2b 
cho thay ngoai xuat hien cac dai (dai D ung vdi sd sdng ~ 1300 cm"', dinh dac trung cho vat 
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Hinh 2; Anh (a) SEMvd (b) Raman ciia vdt lieu SWCNTs tren di Si02/Si [3J 
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Hinh 3: (g) AFMvd (b) TEM eug vdt lieu SWCNTs [3] 
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lieu CNTs cd cau tnic mat trat ty \a cac khuyet tat va dai G dao ddng tir 1500 cm"'- 1600 cm"' 
la dinh dac tnmg ciia cau tnic nand cacbon ma tat ca cac nguj'en tu cacbon diu sip xep cd 
dang hinh luc giac) cdn xuat hien dai phd RBM (radial breathing mode) vdi s l sdng tir 100-
300 cm'' dac trung cho vat lieu SWCNTs che tao dugc. Hinh 3a va 3b la anh AFM va anli 
TEM ciia vat lieu SWCNTs. Hinh 3a va 3b cho thiy dudng kfnh ciia vat lieu SWCNTs thu 
dugc dao dpng trong khoang tir 1 -2 nm. 

Ngoai ket qua che tao vat lieu SWCNTs. chiing tdi da xay dyng he thilt bi CVD nhiet md 
rdng de che tao lugng Idn vat lieu MWCNTs. Kliac vdi cac he thing thilt bi CVD phd biln, 
diem mdi la chiing toi sir dyng vat lieu xiic tac re tien, de kiem (ludi thep, foil thep, muli sit, 
vv...); khi phan ung la acetylene (C2H2), hydro (H2), nita (N2); budng phan ung la vat lieu 
ben CO hpc, de gia cdng, che tao. Cac khi phan iimg dugc dua vao budng phan img voi lilu 
lugng dieu khien dugc bang cac \'an dieu khien luu lugng. Nhiet dp ciia budng phan img cd 
the dugc khdng che den 1000 °C vdi sai sd dudi 5 °C. Hinh 4 la anh chyp he CVD nhiet ty tao 
va san pham CNTs che tao dugc vdi cau hinh 04 budng phan iing lap dat tai phdng thi nghiem 
Vat lieu Cacbon nand, Vien Khoa hpc Vat lieu. Vdi cau hinh thiet bi do hoan toan cho phep 
tang san lugng CNTs bang each tang sd lugng cac budng phan img, va tdi uu hoa quy trinh 
che tao theo md hinh cdng nghiep. 

Hinh 4; Anh chup hi thiit bi CVD nhiit 04 dng Id phdn irng 
vd sdn phdm CNTs dg tudng chi tgo dugc 

Hinh 5; Anh SEM vdt lieu CNTs vd CNTs mgc dinh huang tren di Si 
(dudng kinh sgi khodng 20 nm) 
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Trong qua trinh CVD nhiet, cac thdng sd nhu nhiet dp. ty le luu lugng khi \'a thdi gian lang 
dpng cd anh hudng quyet dinh den chat lugng \'a sd lugng cua \'at lieu CNTs thu dugc. 
Chung tdi da tim dugc cdng nghe che tao tdi uu thdng qua hang loat cac khao sat dieu kien 
cdng nghe. Cac khao sat chi tiet cho thay: 

- Sir dyng vat lieu xiic tac ludi thep vdi 78,3 \\t.%) Fe (kiem tra tren thiet bi huynh quang 
tia X, EDS-XT-99, Vien khoa hpc Vat lieu); nhiet dp CVD 750 °C; thdi gian CVD 60 phiit; ty 
le khi phan img N2:H2:C2H2 = 500:300:200 seem, vat lieu CNTs thu dugc la da tudng dudng 
kinh Ing tir 15-100 nm, chieu dai dng tir vai pm den vai chyc pm va do sach dat tren 90%o [4]. 

- Sir dyng hdn hgp xuc tac muli Fe(N03)3.9H20 va CaC03 vdi 5 \\t.% Fe; nhiet do CVD 
SOCC; thdi gian CVD 60 phut; ty le khf phan img N2:H2:C2H2 = 500:300:200 seem, vat 
lieu CNTs thu dugc cd dudng kinh dng tir 10-80 nm, chieu dai dng tir vai pm den vai chuc 
pm va dp sach dat tren 95%o. 

Vdi dieu kien cdng nghe va he thiet bi nhu da trinh bay, chiing tdi cd the tdng hgp dugc vat 
lieu CNTs tir ludi thep vdi san lugng dat 10-15g/me, img vdi cdng suat 240-290 g/ngay va dat 
200-250 g CNTs/ngay img vdi xuc tac hdn hgp muli Fe(N03)3.9H20 va CaCOs-

Ngoai ra, cdng nghe che tao CNTs mpc dinh hudng va nghien cuu tinh chat phat xa dien tir 
ciia vat lieu ciing dugc khao sat. Cac hat xuc tac nand Fe304 dugc phii tren be mat de phang 
Si/Si02 bang ky thuat spin-coating, mat dp hat xuc tac tren de vao khoang lO'" -10 " cm" . Ket 
qua khao sat chi tiet cho thay: d nhiet dp 750 °C, CNTs da dugc mpc dinh hudng tren de Si 
vdi chieu dai khoang 15 pm nhu chi ra tren hinh 5b [5]. 

Vdi ky thuat MP-CVD, chiing tdi da che tao dugc vat lieu kim cuong nhan tao dang mang, 
hat (hinh 6). Vat lieu che tao dugc nham img dyng trong che tao cua sd kim cuong quang hpc 
va tia X, che tao vat lieu tan nhiet cho cac linh kien dien tir cdng suat Idn.Thyc te vat lieu kim 
cuong ciing vdi CNTs da dugc thir nghiem img dyng lam vat lieu tan nhiet cho bd vi xir ly 
may tinh (se dugc trinh bay d phan iing dyng ciia bai viet). 

•̂ - "•^l.^r^vTV-jifc.'**"'*''"" i? '̂  iT^ 

SOOum ^ Htadii 10 o w S.8m<n >4.S0k SE(M) 

Hinh 6; Mdng kim cucmg tao bdng MPCVD [6] 

2. Mot so ket qua irng dung vat lieu CNTs, kim cuong 

Trudc bet vat lieu CNTs va CNTs bien tfnh la san pham cd the thuang mai hoa. Do sir 
dyng vat lieu xiic tac va cdng nghe don gian, ngay ca d quy md phdng thi nghiem, vat lieu cbl 
tao dugc cd gia thanh tuong duong vdi san pham thuang mai ciia Trung quIc (0,5 
USD/gram), d a thanh cd the suy giam tiep tyc neu vat lieu dugc san xuat d quy md Idn ban. 
Sir dyng \'at lieu CNTs che tao dugc, mpt sd nghien cim dinh hudng irng dyng sau da dugc 
thir nghiem vdi nhieu ket qua ly thu: 
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lfng dung CNTs ldm ddu phdt xg dien tir, dau do STM 

Nhu da trinh bay d phan tren do vat lieu CNTs cd tinh chit phat xa dien tix manh d thi rit 
thap nen cd the img dyng lam dau phat xa dien tir. Mat khac CNTs la vat lieu din dien cd kfch 
tbudc be nen se la dau dd STM ly tudng (hinh 7a). Diu tip W vdi kich tbudc dudi 50 nm da 
dugc che tao bang ky thuat an mdn dien hoa (hinh 7b) va Ing nand cacbon dugc mpc tren diu 
tip bang phuang phap CVD. Kit qua do dac trung phat xa trudng cho thiy diu tip W d thi 
md la 5,6 V/pm, trong khi CNTs/W phat xa d thi 0,6 V/pm ung vdi mat dp ddng phat xa 2,5 
mA/cm^ (hinh 8). Cau true don sgi CNTs/W dang dugc tap trung cbl tao va ung dyng lam 
dau dd STM phan giai cao dac biet la dng nand cacbon dan tudng. 

Electro 
chemical 
etching 

O (I) 
0.3 mni 

Electro 
plating 
method 

\ <̂ ' \ 
Sharp W eip Fc particle at 

of 5(1 nm the sharp W lip 

- SI'M probes: 
STM, AKM 

- Field emission 
devices 

Applications 

(4) 
l hermal 

CVD 
method 

(a) (b) 

Hinh 7; Anh SEM ddu tip W (a) vd CNTs mgc trin cdc 
hat xuc tdc Fe gdn trin sgi tip W (b) [7] 
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Kinh 8; Ddc trung phdt xg diin tu ciig mdu tip Wvd tip CNTs/W do trong 
chdn khdng 2.10'^ Torr, d cdc khodng cdch 0.55 vd 1.7 mm [7] 

lfng dung CNTs tdng do cirng trong vgt lieu td hffp composite nen kim logi: 

- Vat lieu CNTs da dugc thir nghiem gia cudng trong ma Ni, Cr nhim tang cudng do cimg 
dp chiu mai mdn. Hinh 9 la anh SEM chyp bl mat ldp ma Cr cd gia cudng CNTs va phan bl 
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CNTs trong long ldp ma. Ket qua budc dau cho thay dp cimg \'a dp chiu mai mdn ciia ldp ma 
Ni, Cr gia cudng vat lieu CNTs tang len 1,5-2 lan so vdi ldp ma thdng thudng khdng cd gia 
cudng vat lieu bien tfnh (hinh 10). De tang kha nang phan tan vat lieu CNTs trong dung dich 
ma, chiing tdi da bien tinh vat lieu CNTs bang each gan nhdm chirc C6H4NH2 vdi vat lieu 
CNTs (CNTs-C6H4NH2). 

- Bang phuang phap luyen kim hot, vat lieu CNTs bien tinh cd chira gdc -COOH cung da 
dugc thir nghiem dua vao nen kim loai ddng (Cu) nham tang cudng dp cimg, dp chiu mai 
mdn. Hinh 11a la anh chyp mau td hgp composite nen Cu/CNTs vdi l\vt.%o CNTs sau khi 
thieu kit d nhiet dp 850 °C trong mdi trudng khf N2. Hinh 1 lb la anli SEM be mat cac hat Cu 
dugc bao phii bdi cac sgi CNTs bien tinh -COOH. Cd the nhan tha\' cac sgi CNTs bam tren 
hat ddng va phan bd deu rat deu. Ket qua budc dau cho tha\' dp cimg HB ciia mau td hgp 
composite nen Cu/CNTs tang khi ndng dp CNTs tang. Vdi 3%o CNTs, dp cirng cua mau dat 
38,9 HB, Idn gap 1,13 lan vdi khi khdng cd CNTs (nhu dugc the hien tren hinh 12). 

K 
Hitachi x2.0(* SEOJI519120071707 ZO.Oum I IMS x60.0k SE(M) 10/19/2007 

Hinh 9; Anh SEM chup bi mat lap mg Cr cd gia cudng CNTs 
vd phdn bd CNT Strang Igng lap mg [6] 

- O r / C N T s 
C r / C N T s - C j H ^ N H j 

None do C M s V a C M s-C.HjNH; (g;l) 

Hinh 10; Do cirng lap mg Cr theo ndng do MWCNTs trong dung dieh mg [6] 

Ngoai viec ung dyng trong cac vat lieu td hgp nen kim loai, vat lieu CNTs dang dugc thir 
nghiem trong cac \'at lieu td hgp nen polymer, epoxy cho cac img dyng khac hien dang dugc 
thyc hien tai phdng thi nghiem. 
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IMS x18.0k SE(M) SaO/2009 

Hinh II; (a) Anh chup vd (b) dnh SEM bi mat mdu td hgp 
composite nin Cu/CNTs vdi Iwt. % CNTs [8] 
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Hinh 12; Sir phu thugc dd cirng (HB) ciia td hgp composite 
nen Cu/CNTs vdo wt. % CNTs [8] 

iTng dung CNTs trong vat lieu tan nhiet 

Mdt trong nhirng hudng iing dung quan trpng ciia vat lieu CNTs la cbl tao vat lieu tan 
nhiet. Hinh 13a va 13b md ta y tudng sir dung CNTs hoac kim cuang lam vat lieu tan nhiet 
cho bp vi xir ly hay cac kinh kien dien tir va dilt phat quang (LED) cdng suit Idn. 

- lfng dung CNTs tan nhiet trong bg vixu ly mdy tinh CPU 
Chiing tdi da thir nghiem hieu qua tan nhiet tryc tilp tren bd vi xir ly cua may tinh (Intel 

Pentium IV, 3.066 GHz, 512Mb RAM, Windows XP Service Pack 2 Operating System) bing 
each so sanh 3 che dp: khdng cd vat li^u tan nhiet, sir dyng keo tan nhiet thuang mai, sir dyng 
keo tan nhiet cd CNTs va diamond. Bang phuang phap md phdng va thyc nghiem, chiing tdi 
da xac dinh va so sanh nhiet dp cua quat lam mat, cung nhu nhiet dp ciia CPU khi sir dyng 
kem tan nhiet thuang mai Stars vdi kem tan nhiet CNTs/Stars; kem tan nhiet thuang mai AS5 
voi kem tan nhiet CNTs/AS5. 

Hinh 14a cho thay, khi sir dung keo nhiet Stars, nhiet dp cua quat lam mat duy tri d 55,7 °C 
\'a rihiet dp ciia CPU duy tri d 66 T ; trong khi nlu sir dyng kem tan nhiet Stars vdi 2% CNTs, 
nhiet dp ciia quat lam mat hiu nhu khdng thay dii, duy tri d nhiet dp 55,6 °C. nhiet dp ciia 
CPU duy tri d 63 °C (hinh 14b). Kit qua tren cho thiy nhiet dp cua CPU giam khoang 3 °C 
khi su dung kem tan nhiet Stars vdi 2% CNTs. 
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Hinh 14; Kit qud md phdng vd do nhiel do cita qiigl FAN vd nhiit dd cua CPU; 
(a) trudng hgp sir dimg keg nhiit Stgrs, (b) ditng keo nhiit Stors vdi 2%CNTs [9] 

o 

ASS thermal paste 
-FAN Temperature (Simulation) 
CPU Temperature (Simulation) 
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Hinh 15; Kit qud md phdng vd da nhiit do eug qugl FAN vd nhiel do cua CPU; 
(a) Irudng hgp diing keo nhiit AS5, (b) dimg keo nhiit AS5 vdi 2%,CNTs [9]. 

134 



Hoi nghi Khoa hoc ky- niem 35 ndm Viin Khoa hoc vd Cong nghe Viet Nam - Hd Noi 10 2010 

Hinh 15a cho thay, khi sir dung keo nhiet AS5, nhiet dp ciia quat lam mat duy tri d 55,7 °C 
va nhiet dp ciia CPU duy tri d 58 °C; trong khi nlu sir dyng kem tan nhiet ASS \'di 2%CNTs, 
nhiet dp ciia quat lam mat hau nhu khdng thay dii, duy tri d nhiet dp 55,6 °C, nhiet dp ciia 
CPU duy tri d 56 °C (hinh 15b). Kit qua tren cho thiy nhiet dp ciia CPU giam khoang 2 °C 
khi sir dung kem tan nhiet AS5 vdi 2% CNTs. 

- lfng dung bu&c ddu CNTs tdn nhiet trong linh kien LED 
Chiing tdi da sir dyng chip LED loai InGaN vdi dien tich boat ddng 0,5 mm x 0,5 mm, 

budc sdng anh sang kich thich 460 nm va cdng suit lam viec 0,5 W. Hinh 16a la anh SEM bl 
mat ciia ldp VA-CNTs sau khi duac tach ra khdi dl Si02/Si va duac gin tren dl Cu. Hinh 16b 
la anh SEM chip LED dupe gin len tren bl mat ciia de Cu/VA-CNTs. 

Cdng suat phat sang ciia linh kien LED cd quan he tuyin tinh vdi ddng nudi nlu nhiet tao 
ra tir cac md-dun LED dupe phan tan tit. Dii vdi cac chip InGaN LED sir dyng trong thi 
nghiem nay, cdng suit anh sang ciia cac linh kien LED sir dyng cac vat lieu tan nhiet thuang 
mai thudng dat din gia tri bao hda khi ddng nudi Idn ban 350 mA. Bing each sir dyng CNTs 
thay vat lieu tan nhift thuang mai. cdng suit anh sang diu ra ciia gdi LED cd thi tang tuyin 
tinh ma khdng dat den dp bao hda ngay ca khi ddng nudi Idn ban 500 mA. 

Cac ket qua nghien cim va thir nghiem budc diu cho thiy kha nang phan tan nhiet rit tit 
ciia vat lieu CNTs va md ra trien vpng ung dyng tit cho cac linh kien dien tir cdng suit Idn. 

(c) 

ChiDLED 
W«35SE(M.M30IK» 

Htnh 16; Ccic anh SEM ciia (a) lap mdng VA-CNTs, (b) lap mdng kim cuang gdn trin di Cu, 
(c) chip LED gdn lin Irin lap mdng VA-CNTs hode kim cuang [10] 

Htnh 17; Anh chup do sdng lit linh kiin LED vdi ddng ddu vdo (g) 100, (b) 500 mA su dung 
mdng VA-CNTs vd (c) 350 mA su dung mdng kim cuang nhu la vdt lieu tdn nhiit [10] 
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KET LUAN 

Vat lieu ong nand cacbon (CNTs) la ddi tuong vat lieu mdi cd nhieu trien vpng trong ca 
nghien cim co ban va nghien cim img dung. Chiing tdi da dat dupe mpt sd ket qua klia quan 
ve xay dyng thiet bi va quy trinh cdng nghe che tao vat lieu dng nand cac bon don tudng, da 
tudng. Md rdng quy md che tao va timg budc thuang mai hoa san pham vat lieu va nid rdng 
nghien cuu img dyng tren ca sd vat lieu CNTs la muc tieu ciia Phdng thi nghiem. 
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Chiing tdi xin tran trpng cam on su hd trg tai chinh ciia De tai h<3fp tac nghi dinh thu vdi 
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dng cacbon nand; de tai nghien cim co ban (Quy NAFOSTED). Chiing tdi xin tran trpng cam 
on GS. VS. Nguyen Van Hieu da iing hp cho hudng nghien cim ciia phdng thi nghiem. 

Chiing tdi xin tran trpng cam an sy cdng tac ciia cac the he sinh vien, eao hpc, nghien cuu sinh 
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