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Tom tSt. Bao cao trinh bay torn t4t mot s6 kk qua nghien ciiu cong nghe che t^o, tinh 
chat va mpt s6 thii nghiem umg dimg cua vat lieu cac bon cSu tnic nano thgc hien tai Vi?n 
Khoa hpc vat lieu, va mpt sd dan vi hgp tac ta: Vien Han lam KHCNVN. 
Vat lieu CNTs don hrong (SWCNTs) ducmg kinh vai nm da dugc chS t?o thanh cong b5ng 
phuong phap ISng dong hoa hoc pha bed (CVD) sir dung vat lieu xuc tac mu6i sat phii hen 
bk mat de Si hoac h6n hop mu6i sSt vai chat hd trg xiic tac AI2O3. Day dugc xem \k kSt 
qua che tao vat lieu SWCNTs thanh cong dSu tien tai Viet Nam. 
Vdd viec sir dung vat lieu xiic tac luai thep hoac hon hgp xiic tac muoi sat 
Fe(N03)3.9H20/CaC03 va lien tuc hoa qui trinh CVD Uen h? thi^t bi vai 04 6ng 16 phSn 
ling thep khong ri, chiing toi da che tao thanh cong vat li6u CNTs da tuong (MWCNTs) 
vcri san lugng dat 200-250 ^am/ngay. Vat lieu MWCNTs thu dugc co ducmg kinh vai 
chuc nm, chieu dai ttr vai den hang chuc \im, dp sach dat tren 90%. Cau hinh thiet bi va 
quy trinh cong nghe che tao CNTs da dugc cSp ban quyen sang che va c6 the mo rgng quy 
mo san xuat bang each tang so lugng cac ong 16 phan iing. 
Vat lieu Graphen dang mang vcri so lop tir 2 den 10 lap da dugc tong hgp tren b6 mat de 
Cu bang phuong phap CVD nhiet. Bang phuang phap an mon hoa hgc, cac mang Graphen 
da dugc tach ra khoi de Cu va chuyen sang cac loai de khac nhau nhu d6 thiiy tinh, dg vi 
dien cue cam bien. Day cung dugc xem la ket qua che tao vat lieu Graphen thanh cong 
dau tien tai Viet Nam. Bang phuang phap dien hoa ho trg plasma, vat lieu Graphen dang 
bpt vcd san lugng 200 mg/ngay co the ch6 tao dugc cho nhiing muc tieu nghien ciiu iing 
dung. 
Cac tinh chat ca ban cua vat lieu CNTs va Graphen che tao dugc nhu cdu tnic tinh th6 
hinh thai hgc, tinh chat tan nhiet da dugc nghien ciiu chi ti6t thong qua cac phep do nhu 
FESEM, TEM, AFM, pho tan xa Raman, pho nhieu xa tia X, v.v. 
Mgt so nghien ciiu dinh huong iing dung sir dung vat lieu CNTs va vat lieu Graphen da 
dugc thuc hien voi nhi6u kgt qua ly thii nhu: ung dyng CNTs trong chi tao cac dSu phat 
xa dien tu, dku do dong xuyen ham (STM); irag dung CNTs trong cac vat lieu t6 hon 
composite nen kim loai (lap ma kim loai Cr, Ni; hop kim Cu/CNTs) co dp cung can h 1 
mai mon: iing diang CNTs va Graphen trong vat lieu tan nhiet cho cac bg vi xir lv ho ' ' 
linh kien dien tii cong suat cao (CPU, LED); Lfng dung CNTs trong che tao dlu nh' t ' 
nhiet dmh huong img dung trong cac thiet bi an ninh - quoc ph6ng; U'ng dune 
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Graphen trong cam bifin dien h6a nham xac dinh ham lugng glucose, cholesterol, atrazine 
va mpt s6 kim loai nang nhu chi (Pb), thiiy ngan (Hg); iing dung mang Graphen trong cam 
bi^ sinh hpc tren ca sa hieu iing truong nham xac dinh du lugng thuoc bao ve thuc vat, 
v.v... 

GlOfI THIEU 

Vat lieu ong nano cacbon (CNTs) - vait lieu coa cSu tnic mgt chidu (ID) da dugc 
gioi khoa hpc quan tam dac biet ke tu khi phat hien vao nam 1991 [1]. Saug§n25nam 
nghien ciiu phat trien, din nay mgt so loai san phim cong nghe cao iing di^g vat lieu 
CNTs da dugc cong ho vdi nhieu tinh nang vugt troi [2]. 

Voi cau true dgc dao, tinh chat dien hi dac biet (kim loai hoac ban dan tuy thugc 
vao c4u hinh ciia 6ng) [3], tinh din nhiet t6t (1800-6000 W/mK) [4], tinh chit phat xa 
dien tu manh a the phan cue thap [5-7], v.v... vat lieu CNTs da va dang ma ra nhidu 
ling dung mai, chang han che tao cac dau phat xa dien tii kich thuoc be [5-7]; man 
hmh phang-cong suit thip [8]; cac diu do hien vi xuyen him STM [9-11]; vat lieu tan 
nhift trong cac linh ki?n dien tu cong suit cao (CPU, LED) [12-17], Dac biet la voi 
nhieu tinh chat ca hgc qui (nhe, dg ciing cao, dg chiu mai mon ca va hoa t6t, dien tich 
be mat Idn) CNTs hien la vat lieu gia cuong ly tuang cho nhidu loai vat lieu t6 hgp 
moi nen kim loai, nen polymer, cao su, epoxy vol pham vi ling dung rit rgng [18-25]. 

Ben canh vat li?u CNTs, vat lieu Graphen (Gr) - vat lieu c6 ciu true hai chidu (2D) 
vdi chieu day don ldp nguyen hi cacbon, ciing da thu hut dugc su quan tam manh me 
ciia cac nha khoa hgc ca ve nghien ciiu thuc nghiem va ly thuyet trong nhung nam gan 
day [26-32] kd hi khi dugc phat hidn vao nam 2004 [33]. Voi nhung tinh chit nOi trpi 
nhu dien tich be mat lan (2630 mVg) [34], do linh dgng didn tii d nhidt dg phong cao 
(200000 cm^ (V.s)'') [35] va do din nhiet lan (>500q W/mK) [36], vat lieu graphene 
hiia hen tiem nang iing dung trong tong hgp vat lieu to hgp composite [37, 38], vi didn 
circ cho cac cam bien didn hoa xac dinh cac kim lo^i nang [39,40], cam bien sinh hoc 
didn hoa xac dinh nong do glucose [41,42], cholesterol [43,44], v.v... 

Phong thi nghiem da tien phong nghien cuu doi tugng vat lieu CNTs tir nam 2002 
vh. vat lieu Gr tu nam 2010. Ddn nay vat lieu CNTs dan, da tudng va vat li?u Or da trd 
thanh doi tugng nghidn ciiu chinh ciia Phdng thi nghiem ca vd nghien ciiu ca ban, 
nghidn ciiu cong nghe va iing dung. Trong bai gidi thieu nay, chung toi tdm luge mgt 
so ket qua chinh da va dang tien hanh tai Phong thi nghiem. Cac ket qua chi tiet dugc 
trinh bay trong cac cong trinh cong bo d phan tai lieu tham khao. 

MOT SO KET QUA CHINH 

1. Ket qua ch^ tao vat lieu CNTs va Graphen 

Co nhieu phuang phap khac nhau dd tdng hgp vat lieu CNTs nhu: phdng dien ho 
quang trong moi huong khi tra (arc discharge) [45], hoc bay bang laser (laser ablation) 
[46], nghien bi va u nhiet [47], lang dgng hoa hgc pha hai (Chemical Vapor 
Deposition-CVD) [48-51]. Phuang phap CVD thudng dugc lira chgn dd tdng hgp 
lugng lan vat lieu CNTs vdi chit lugng tot va gia tiianh re. 

Hinh 1 (a) la anh chup he thidt bi cdng nghe CVD nhidt buong phan iing thach anh 
dugc lap dat tai phdng dii nghiem Vat lieu Cacbon nano, Vien Khoa hgc vat lieu. Cac 
Uii phan iing dugc dua vao budng phan iing bing cac van khi dieu khien tî  dgng voi 
sai so ± 0,1 seem (cm^/phut). Nhiet do ciia budne nhan ling dugc didu khien tu dgng 
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va CO thi dugc Ichdng ch6 d6n 1100 °C voi sai s6 ± 2 °C. Voi he CVD i * ' ? ' ; " ^ ^ ^ j 
lieu SWCNTs da duoc t5ng hpp thanh cong. Su dung vat heu SWCNTs che ^. ^^ 
Phong thi nghiem, t e n co so hop tac voi PTN Laboiatoire Charles 9 ° " ' , ° " ' . ' ^ ,jjj„(. 
Montpellier, CH Phap, chiing toi da thu dugc nhi6u Yk qua nghien cihi co gia ,, V^ 
cong bo tren cac tap chi co chi s6 IF cao, ching han cong trinh chung dang 
Nature Communications nam 2013. 

Hinh 1. (a) He thiit bi CVD nhift vd (b) anh SEM vdt lieu SWCNTs mgc trin 
chdt ho trg'xiic tdc AhOj (duang kinh spi khodng 4nm) 

Hmh 1(b) la anh SEM vat lieu SWCNTs voi duong kinh xjp xi 4 nm voi diSu kien 
cong nghe chj tao: ty 1$ hon hgp mu6i xuc tac Fe(N03)3.9H20: Co(CH3COO)2.4H20: 
(NH4)6Mo7024.4H20:Al203 = 5/3/1/80; ty le khi phan iing Ar/Hj/CzHz = 300/100/30 
seem, thai gian CVD 30 phut, nhi?t do CVD 800°C [52]. 

Bang each lya chon di^u kien cong nghe thich hgp, v^t lieu SWCNT don sgi, sieu 
dai da dugc tong hgp thanh cong. Vi du hinh 2(a) la vat lieu SWCNTs don sgi voi 
chieu dai len toi 4 mm da dugc tong hgp thanh cong o dieu kien cong nghe: xiic tac la 
mu6i FeCb n6ng dg 0,01 M hoac h6n hgp cua mu6i FeCls vcri Co(CH3c6o)2 0,02M, 
hon hgp ciia mu6i FeCls voi Ru (CH3COO)2 0,02M dugc phu tten hi mat d j Si02/Si; 
khi phan iing la metan (CH4) va H2 voi ty le 1:2; t6ng luu lugng dong khi 300 seem; 
thai gian CVD 60 phiit va nhiet dp CVD 950°C. 

RBM 514 nm 

5 modes * D and G IT 

\ 

Raman shift (1/cm) 

Hinh 2. (a) Anh SEM vd (b) Phd Raman ciia vdt lieu SWCNTs tren te SiO,/Si [sy 
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Duong kinh ciia cac ong SWCNTs dugc xac dinh thong qua cac phep do Raman, 
AFM va TEM. Hinh 2b la ket qua do pho Raman duoi buoc song kich thich 514 nm 
tren cac mau SWCNTs mgc tren de Si02/Si vai vat lieu xiic tac: (*) hdn hgp muoi 
FeCla voi Ru {CH3COO)2 0,02M; (**) ya (***) mu6i FeCl, O.OIM. Phd Raman cua 
cac mau tren hinh 2b cho thay ngoai xuat hien cac dai (dai D iing voi so song - 1300 
cm"\ dmh dac tnmg cho vat Ueu CNTs co cau true mat trat tu va cac khuyet tat va dai 
G dao dong tvr 1500 cm"'- 1600 cm"' la dinh dac tnmg cua cau tnic nano cacbon ma tkt 
ca cac nguyen hi cacbon deu sap xep co dang hinh luc giac) con xuat hien dai pho 
RBM (radial breathing mode) vcri so song tit 100-300 cm"' dac trung cho vat lieu 
SWCNTs. Hmh 3a va 3b i k lugt la anh AFM va anh TEM cua vat lieu SWCNTs. 
Hinh 3a va 3b cho thay duang kinh cua vat lieu SWCNTs thu dugc dao dpng trong 
khoang tit 1-2 ran. 

(a) (b) 
Hinh 3. (a) Anh AFM vd (b) Anh TEMaia vdt lieu SWCNTs [53] 

Ngoai kSt qua chS tao vat lieu SWCNTs, chiing toi da xay dung he thiet hi CVD 
nhiet ma rpng dS chS tao lupng Ion vat lieu MWCNTs. Khac vcti cac he thong thift bi 
CVD ph6 bien, di^m mgi la chung toi su dung vat heu xiic tac re tien, de kiem (luai 
thep, foil thep, mu6i sit, w.. .) ; khi phan iing la acetylene (C2H2), hydro (H2), nito 
(N2); budng phan ling la vat lifu ben co hpc, de gia cong, chS tao (ong thep khong ri) 
[48, 49]. Cac khi phan iing dugc dua vao bu6ng phan iing voi li4u lugng dieu khien 
dupe bing cac van dieu khien luu lugng. Nhiet do ciia buong phan ling co the dugc 
kh6ng che dSn 1000°C voi sai s5 duoi 5''C. Hmh 4 la anh chup he CVD nhiet tu tao va 
san phim CNTs chS tao dugc vcri ciu hinh 04 bu6ng phan ling lap dat tai phong thi 
nghi?m Vat lieu Cacbon nano, Vien Khoa hpc vat lieu. Vgi cau hinh thiet hi do hoan 
toan cho phdp tang san lupng CNTs bing each tang s6 lugng cac buong phan iing, va 
t6i uu hoa quy trinh che tao theo mo hmh cong nghiep. Ket qua nghien cuu nay da 
dupe cip ban quyen sang ch6 cua Cue Scr hiru tri tue, Bp KHCN (Sang che so 7713, 
ngay 11/5/2009 va s6 1126 ngay 27/1/2015). 

Trong qua trinh CVD nhiet, cac diong s6 nhu nhiet dp, ty le luu lupng khi va thoi 
gian ling dpng co anh huong quyet dinh den chat lugng va so lugng ciia vat lieu CNTs 
thu dugc. Chiing toi da xay dung dugc cong nghe che tao toi uu thong qua hang loat 
cac khao sat dieu kien cong nghe. Cac khao sat chi tiet cho thay: 

- Sir dtmg vat lieu xiic tac lucri va phoi thep voi 67 wt.% Fe (kiem ft-a tren thiet bi 
huynh quang tia X, EDS-XT-99, Vien khoa hpc vat hen); nhiet dp CVD 800 °C; thai 
gian CVD 30 phiit; ty le khi phan iing N2:H2:C2H2 = 300:200:100 seem, v^t lieu CNTs 
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thu dugc la da Mong duong kmh 6ng hi 60-150 nm, chiju dai 6ng rtt vai (im 
chuc ^mva do sach dat tren 90% [48]. nhiSt do 

- Sir dung hon hgp xiic tac mu6i Fe(N03)3.9H20 va CaCO, vai 5 W ' ^ , 1 . , QQ.JQ 
CVD 800 °C; thai gian CVD 30 phiit; ty le khi phan iing N2:H2:C2H2 - 3 " ^ • 
seem, vat heu CNTs fliu dupe co ducmg kinh 6ng tu 10-80 nm, chieu dai ong 
pm den vai chuc pm va dp sach dat tren 95% [49]. 

Hinh 4. (a) Anh chup he thiit bi CVD nhiet 04 dng Id phdn ung; 
(b) sdn phdm CNTs da tuang chi tao dugc; (c) dnh SEM sdn phdm CNTs 

Hinh S. Anh SEM vdt lieu CATj mpc dinh huong tren di Si: (a) khong cdsifho trfr cua hai 
nu&c vd (b) cdsifho tra ciia hai nuac trong qud trinh CVD 

Vcri dieu kien cong nghe va he OiiSt hi nhu da trinh bay, chiing toi co th6 t6ng hgp 
dugc vat lieu CNTs tir lucri thep vcri san iugng dat 10-15g/me, ling vdi cong suit 240-
290 g/ngay va dat 200-250 g CNTs/ngay ling vai xuc tac h6n hpp muoi 
Fe(NO-,)3.9H,0 va CaCOj. 
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Hinh 6, Anh TEM vdt ligu CNTs: (a, b) khdng cd su hd trg cua hoi nuac. (c) cd su ho trg 
cua hai nuac. (d) pho Raman mdu CNTs (1) khong cd su hd trg cua hai nuac vd (2) cd su hd 

trg cua hai nuac [54] 

•o 600 

Nang nhiet CVD Ha nhiet 

Ar (1000 seem) 
* H] poo seem] 
*CH.(Msccm) 

1 

/ 
20 40 60 80 100 120 

Thcfi gian (phQt) 

Hinh 7. Qui trinh CVD nhigt tong hgp mdng Gi^-en di ddng 

Ngoai ra, cong nghe chd tao CNTs mgc dinh hudng cho cac nghidn ciiu tmh chat 
phat xa dien hi ciia vat lieu ciing dugc khao sat. Cac hat xiic tac nano Fe304 dugc phii 
tren be mat dd phang Si/SiOa bang ky thuat spin-coating, mat do hat xiic tac tren de 
vao khoang 10'° -lO'^ cm"l Kdt qua khao sat chi tidt cho ihky. a nhidt do 750 "C, 
CNTs da dugc mgc dinh hudng tren de Si vdi chieu dai khoang 15 jim nhu chi ra tren 
hinh 5a [55], Dg sach va chieu dai cua CNTs dugc cai thien vcd vide dua thdm hai 
nude vao trong qua trinh CVD nhidt. Chidu dai cac sgi CNTs cd the len tdi 40 jim 
h"ong mrdng hgp CVD cd them hcri nude (hinh 5b) [54]. Kdt qua phan tich anh TEM 
(hinh 6a, b) cho thay lugng cac bon vd dinh hinb bam trdn thanh sgi CNTs va cac hat 
xiic tac sat trong long dng da giam trong trucmg hgp CVD co hoi nuoc. Ben canh viec 
phan tich anh TEM, chat lugng can tnic ciing nhu do sach ciia vat lieu CNTs trong qua 
trinh CVD cd va khong cd hoi nude cung da dugc phan tich qua pho Raman. Ket qua 
do phd Raman (hinh 6 c) cho thay ty le cuong do IQ/IG ciia mau CNTs trong trudng 
hgp CVD cd hoi nude da giam so vai mau CVD khdng cd hai nuac. 
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Kit qud tong hop mdng graphen bdng phmmg phdp CVD nhift: 

'/fijHillll. -^^^ 

Xficm 1 2 | 3 r 2 ^ 
Hinh 8. (a) Anh chup mdng Gr'hal l&p luoc tdch ra khoi de Cu vd chuyen sang de 

thiiy tinh, (bj dnh AFM vd (c) dnh HRTEM cda mdng Gr hai lap [32] 

Hinh 9. tai Anh chup mang Gr 11 l&p dui^c tdch ra khoi de Cu vd chuyen sang de thuy tinh, 
(b) dnh AFM vd (c) anh HRTEM cda mdng Grll lap [56] 

(c) " 

Dbind 

1S73 1 C n t M i p ^ * ! 

IDMnl 

I1H i«M ma 3 

Hinh 10. (a) Anh chiip sdn phdm bgt ^aphen dugc phdn tdn trong nuoc cdt, 
(b) dnh SEM vd (c) phd Raman cua bgt graphen 

ciing dugc 
phuang phap CVD nhiet, cac mang graphen (Gr) vdi chieu day i^h^c nhau 
?c tdng hgp tren cac la ddng mdng vdi nguon khi cac bon la khi metan (CHiV' (CH4)J 
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Qui hinh CVD nhidt tdng hgp mang graphen dugc trinh bay tren hinh 7. La ddng dugc 
dua vao trong long ciia dng thach anh, sau dd nang nhiet cua 16 hi nhiet do phdng ddn 
nhidt do CVD trong mdi truong khi Ar. Khi nhidt do ciia 16 phan iing dat nhidt do 
CVD, man tidp tuc dugc li d nhidt dp CVD trong moi truong hon hgp khi Ar va H2 
trong thdi gian 30 phut de khii Cu oxit (CuO, CU2O) thanh Cu giiip cho qua hinh mgc 
graphen dugc thuan loi. Sau 30 phiit li mau trong moi truong hdn hgp khi Ari-H;, mgt 
lugng khi CHidugc dua vao buong phan iing de thuc hidn qua trinh CVD. Sau khi kdt 
thuc qua trinh CVD, ngat khi CH4 va khi H2. Nhidt do cua mau dugc ha xudng nhiet 
dg khoang 200° C trong thai gian 10 phiit (~ 1,33° C/s), sau dd nhiet do ciia mau tidp 
tuc dugc ha xudng nhiet do phdng trong moi truong khi Ar. Chieu day ciia mang Gr 
phu thugc vao ty Id khi phan iing ArHiiCH*. Vdi ty Id khi phan iing Ar:H2;CH4 = 
1000:300:20 seem va 1000:300:30 seem, mang Gr tuong iing thu dugc cd sd ldp tuona 
ling la 2-5 [32] va 4-11 ldp [56]. 

Ket qud tong hop bpt graphen bangphtrcmg phdp dien hda ho trgFplasma: 
Phuang phap dien hda hd trg plasma la mdt trong nhung phucmg phap mdi de tdng 

hgp cac tim graphen, graphen oxit a dang hot [30]. Day la mdt trong nhung phuang 
phap don gian vcri cac trang thidt bi \a hda chat dd tong hgp val lieu graphen tuong ddi 
re tidn va cd thd tong hgp dugc dugc lugng Ion graphen (quy md phong thi nghiem vdi 
san lugng vai chyc mg/me (200 mg/ngay)). Bang phuong phap didn hoa hd trg plasma, 
budc dau nhdm nghidn ciiu ciing da tdng hgp thanh cdng hot graphen va graphen oxit 
nham dinh hudng iing dung trong chat Idng tan nhidt cho cac thidt hi dien hi cdng suat 
nhu LED, CPU,... va iing dung trong cac vat lieu hap phu, vat lieu composite, v.v... 
Hinh 10a la anh chup san pham bgt Gr dugc phan tan trong mdi trudng nuac cat va 
hinh 10b, c lan lugt la anh SEM va phd Raman cua bgt Gr. Kdt qua anh SEM (hinh 
10a) va phd Raman (hinh 10b) cho thay cac tam Gr cd chieu day khoang 5-10 ldp. 

2. Mdt so ket qua ihig dung v^t lidu CNTs va graphen 
Trudc hdt vat lieu CNTs va CNTs bien tinh la san pham cd the thucmg mai hoa. Do 

su dyng vat lieu xiic tac va cdng nghe don gian, ngay ca d ^uy md phdng thi nghiem, 
v t̂ li?u che tao dugc cd gia thanh tucmg duang voi san pham thucmg mai cua Trung 
qudc (0,3-0,5 USD/gram). Gia thanh cd ±e suy giam tiep tuc neu vat lieu dugc san 
xuat d quy md ban cdng nghiep hay cong nghiep. Sii dung vat lieu CNTs chd tao dugc, 
mgt sd nghien cuu dinh hudng iing dung sau da dugc thii nghiem vdi nhieu ket qua ly 
thii: 

- U'ng dung CNTs lam diu phat xa dien tu, dau dd STM (Mgc CNTs trdn dau tip W 
kich thudc nanomet); 
- ung dung \at lieu CNTs trong vat lieu td hgp ndn kim loai cd do ciing. do chdng 
mai mdn cao (mg dien Ni, Cr; hgp kim Cu gia cuong CNTs); 
- ITng dung CNTs lam vat Ueu tan nhiet cho cac linh kidn didn tii cong suat ldm. 

Ifng dung CNTs ldm ddu phdt xq dien tur, dau do STM 
Nhu da trinh bay 6 phan tren do vat lieu CNTs cd tinh chat phat xa dien hi manh d 

the rat thap nen co thd iing dung lam dau phat xa didn hi. Mat khac CNTs la vat lieu 
dan di^n cd kich thudc be ndn se la dau dd STM ly tudng (hinh 11a). Dau tip W vdi 
kich thudc dudi 50 nm da dugc che tao bSng ky thuat an mon didn hoa (hinh 1 lb) va 
ong nand cacbon dugc mgc tren dau tip bang phucmg phap CVD. Kdt qua do dac tnmg 
phat xa hTidng cho thdy dSu tip W 6 thd md la 5,6 V/pm, trong khi CNTŝ Vv' phat xa d 
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thd mo 0,6 V/pm ling vdi mat do ddng phat xa 2.5 mA/cm" (h'^h 12). Cau _ ^^^ 
sgi CNTs/W dang dugc tap himg chd tao va ling dpng lam diu dd STM phan g 
dac biet la ong nand cacbon dan tuomg. 

Htnh 11. Anh SEM ddu tip W(a) vd CNTs mgc tren cac 
hgt xtic ldc Fe gdn tren sgi tip W(b) [10] 
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Hinh 12. Ddc tnmg phdt xa dien tii cua mdu tip W vd tip CNTs/W do h-ong 
chdn khong 2,10^ Torr, a cdc khodng cdch tuang img 0.55 vd 1.7 mm [10] 

Cng dyng CNTs tang to cimg trong vat lifu td hap composite nen kim lofi: 

Do CO nhimg tmh chat vugt trpi nen CNTs da nhan dugc rit nhiSu su quan tam cua 
cac nha nghien ciiu va viec phat trijn composite chiia CNTs bit diu diln ra voi t6c dp 
rat lan. Y tuong diing CNTs de thay thS spi cacbon trong vat lieu composite la do 
CNTs CO dp ben cao hem graphit. Co rit nliieu nghien ciiu quan tam den viec phat triSn 
vjt lieu composite nen polymer, ceramic va kim loai dugc gia cucmg bang CNTs. Ban 
dau phin lan cac nghien cuu tap tnmg vao composite polymer gia cudng bing CNTs 
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do qua trinh chd t?io composite nen polymer de han vi cd the thuc hidn tai iing su3t nhd 
va nhiet dp i h ^ hon ndn kim loai va gdm. Tuy nhidn, cac nghidn cuu vd composite 
ndn kim loai gia cudng bang CNTs (composite kim loai/CNTs) da tang manh tii nam 
2007 ddn nay vdi hang tram cdng bo moi nam va chiing minh dugc ring su gia tang 
vugt troi vd do bdn va modim dan hoi so vdi cac nen polymer va ceramic. Do do, \iec 
nghien ciiu phat tridn nanocomposite kim loai/CNTs dugc quan tam nhidu hem va 
n^dn ciiu tren nhidu nen kim loai khac nhau trong dd chu ydu la Al, Cu, Ni, Mg. 
\"iec su dyng CNTs trong cac con^soite nen kim loai hiia hen tao ra cac composite 
vdi trgng lugng nhe, do ben cao va dg ciing cao. Cu, Ni, Cr la nhirng kim loai dugc 
quan tam nhieu nh^t cho vide phat tridn vat lieu composite cd do d ^ nhiet cao, din 
didn cao nhung cd ty ttgng thap va dg ben cao. 

Hinh 13. Anh SEM chup be mat l&p mg Cr cd gia cudng CNTs (a) 
vd phdn bd CST trong long lap mg (b) [5 7] 

stag df CNTs va CNTs-CHjN H, (gi) 

Hinh 14. Do cung lap mg Cr theo ndng do Mff^CNTs trong dung dich mg [57] 

Tai PTN Vat li?u Cacbon nand, ^ at lieu CNTs chd tao da dugc thii nghiem gia 
cudng trong cac idp ma Ni, Cr nham tang cudng dp cung, dp chiu mai mdn. De phan 
tan tdt CNTs \ao dung dich ma chiing tdi da tien hanh nghien ciiu cac phuang phap 
phap bien tinh CNTs de thu dugc cac loai CNTs bien tinh khac nhau nhu dimg hon 
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h<?P axit de tao ra CNTs-COOH va sii dung mudi diazo d6 tao ra CNTs-CeftNHi-^^ 
ma crom gia cucmg vat lieu CNTs dugc tao thanh bing phuang phap mj * ? " " . ^g 
dich mji CO chiia crom hoa tri IV. Sau do cdc phuang phap khao sat co tinh nhU 
cung te vi, do bin mai mon da dugc thuc hien dl danh gia tmh chat vjt vieu. H 
la anh SEM chup bi mat lop ma Cr c6 gia cucmg CNTs va phan bo CNTs °_™s,'o S 
lop ma. Kit qua buoc diu cho thiy dp cting va do chiu mai mon ciia lop maNi, cr g 
cudng viit lieu CNTs tang len 1,5-2 lin so vgi lop ma thong thuong khong co gia 
cuong vat lieu biin tinh (hinh 14). DS tang kha nang phan tan vat li?u CNls trong 
drag dich ma, chiing toi da biin tinh vat lieu CNTs bing each gan nhom cnuc 
C6H4NH2 voi vat lieu CNTs (CNTs-C6H4NH2). , , . . - . 

P™ CEuih viec ling dung phuang phap m? dien, chiing toi ciing tien hanh nghien cuu 
che tao vat lieu composite Cu/CNTs bing phuang phap luy$n kim bpt nham tang 
cuong d0 Cling, do chiu mai mon. Phuang ph4p luyen kim bpt vdi cac cong doan 
chmh: san xuit bpt kim loai va hpp kim, nghiin trpn CNTs vdi bpt kun loai, ep va 
™eu ket. Bpt compozit Cu/CNTs chi t»o bang phuong phap nghien nang lugtig cao 
the hi?n su phan bd ddng diu cua CNTs h-ong hdn hpp hot nhu fren hinh 15b. Hinh 16 
™6 ta phan bd cua CNTs trong vat lifu nin Cu hudc va sau khi thieu ket. Tir hinh 16a, 
ta thay ring su kit dam ciia CNTs hoan toan ed thi loai bd bang ky thuat nghien nang 
lugng cao. Hinh 16b thi hien su phan bd cua CNTs trong nin vat lieu Cu sau khi dugc 
kSt khdi bing ky thuat thieu kit chan khdng bSng each cit ngang bi mat miu vat lieu. 

Hinh 15. (a) Anh chup vd (b) dnh SEM be mat mdu td hgp 
composite nin Cu/CNTs v&i lwt.% CNTs [5S] 

• • ^ " . ' i ' " Cu/CNTs dang bgt dupe dong kit thanh vat lieu compozit Cu/CNTs khdi 
vol dp siet chat cao bing hai qua ttinh nen khudn tao hinh va thieu kit vat lieu. Trong 
qua tnnh thieu ket, cac khe hep d cac vung bien tiip xiic giiia cac bien hat din din 
i"?c thu hep bing cac qua ninh co dan bien hat khac nhau. Su co dan khac nhau xay 

tin" ^^'^ '''^" ' ' ' ' '^ *^ ^° '̂ "̂  ^^"^ ™^ " ^ ' ^^ "^^^ .y^" '^ ^^"- '^^'^ *"' ^^ khuich 
do ' ^' 'J"^' P.*"̂  '?"'• ^^ ^ Sian nd nhiet ciia phin tu vi ciu tnic va su thay ddi thi tich 

su bien ddi ve pha khi lam lanh. Hmh 17a thi hien su thay ddi ti trpng va mat dp 
™g ddi ciia \'at heu compozit Cu/CNTs theo ti le gia cudng vat lif u CNTs. 

CU/CN'^ dudng ciia do thi tten biiu diln ty trpng thuc te do dugc cua vat lieu 
>NTs nanocomposite vk ty ttpng tinh toan ly thuyit cua vat lieu Cu/CNTs vdi 

phan ttam vi khdi lugng CNTs thay ddi tir 0% din 3.5%. Quan sat tren hinh 17a ta c6 
the thay, pi,i„ tram CNTs cang tang thi thi ty trpng cua vat lieu cang giam, dudng biiu 
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didn cd xu hudng giam din. Ket qua nay phu hgp vdi tinh toan, hie la ndu giam thanh 
ph4n ciia ddng (Cu) trong hdn hgp, tang phan tram CNTs thi ty trgng vat lieu giam, do 
khdi lugng rieng cua CNTs nhe han Cu. 

Hinh 16, Anh SEM cua suphdn bd CNTs trong a) hdn hap bgt sau 
qud trinh nghiin ndng lugng cao vd bjtrong nen Cu sau 

khi kit khdi bdng ky thuat thieu kit chdn khdng 

17. (a) Bo thi bieu dien suphu thugc ty trgng vd mat do tuang dot vd (b) do cung v 
do xdp cua vdt lieu composite Cu/CNT. 

Su thay doi do ciing cua vat lieu Cu/CNTs nanocomposite theo cac ti Id gia cudng 
khac nhau ciia vat lieu CNTs va nhiet do thieu ket dugc the hi?n trdn hinh 17b. Do 
Cling cua vat lieu dugc tang cudng bdi thanh phan gia cudng vat hdu CNTs vao trong 
ndn vat lieu kim loai Cu. Do ciing ciia v^t li?u gan nhu tang tuydn tinh vdi ti le gia 
cudng vat lieu CNTs cho tdi 1.5% va giam dan vdi ti Id gia cudng ldm hom 1.5% theo 
khdi lugng. De giai thich kha nang chiu tai cua vat lieu Cu/CNTs nanocomposite, 
chiing ta gia thidt rang vat lidu ndn Cu cd kha nang truydn va phan phdi ngoai luc tac 
dung cho vat ]i?u gia cudng. Vi vay, ngoai luc tac dung len nen Cu dugc giam xudng. 
0 day, vat lieu gia cudng la CNTs la loai vat lieu co do ben ca hgc cao do dd ket qua 
la do bdn co hgc ciia vat lieu Cu/CNTs dugc tang cudng va dat gia tri Idn han so vdi 
vgt li^u nanocomposite chi cd Cu nguyen chat. Vdi ty le gia cudng tdi uu la 1.5% 
CNTs thi do Cling cua vat Hdu dat dugc la 54.3 HB va Idn hom 30% so vdi vat hdu Cu 
nguydn chat dugc chd tao d cung mdt dieu kien. Tir do thi tren ta cung thay rang vdi 

59 



Tieu ban: Ktioa figc Vat lieu 

man vat lieu cd dp xdp Idn thi dp ciing cua vat lieu se giam. Nhimg mau co ty 
cudng Idn htm 1.5% CNTs cd dp xdp Idn hem do tinh chat ciia CNTs. _ H np la 

He sd ma sat eiia vat lieu composite Cu/CNT dugc khao sat vdi luc tac aving a 
1 ON, hi thep kich thudc dudng kinh la 3 mm, va khoang each khao sat la 10 met ong 
diiu kipn mdi ttudng khong khi. Kit qua cho thiy vdi 1.5% CNT dupe ga cumg^uu 
he sd ma sat giam di gin 3 lin so vdi vat lieu Cu n^yen chat. Nhu dugc e 
hinh 18 a va b, khi cd them thanh phin CNT thi be mat vat lieu it bi pha huy hon so 
vdi mau khdng cd CNT. 

,V~v-->/-VV*-V. 

Hinh IS. Anh quang hgc ciia cdc ranh dufic tao ra sau qud trinh kiim tra he so ma sdt a) Cu hi 
Cu+1.5%CNTvd c) he sdma sdt cua vdt lieu composite Cu+1.5%CNTvd Cu. 

Vat lieu composite Cu/CNTs co dp bin cap va cd he sd ma sat thap cd kha nang 
md ra nhirng iing dung mdi ttong cac linh vuc dien, dien tii nhu cac tiep diem dien, 
cdc dien cue ttong cac he thong dien cong suat cao. 

iTng d^ng CNTs trong vat lieu tan nhift 
Mpt ttong nhimg hudng iing dung quan ttpng cua vat heu CNTs la che tao vat lieu 

tan nhiet. Hmh 19 md ta y tudng sii dung CNTs lam vat lieu tan nhiet cho bp vi xu ly 
hay cac kinh kien dien tu va didt phat sang (LED) cdng suat Idn. 

- iTng dung CNTs tan nhiet trong bg vi xu ly may tinh CPU 
Chiing tdi da thu nghiem hieu qua tan nhiet true tiip tten bd vi xii ly ciia may tinh 

(Intel Pentium IV, 3.066 GHz, 512Mb RAM, Wmdows XP Service Pack 2 Operating 
System) bang each so sanh 3 chi dp: khdng cd vat lieu tan nhiet, su dung keo tan nhi$t 
thuong mai, sir dung keo tan nhiet cd CNTs. BSng phuang phap md phdng va thuc 
nghi?m, chung tdi da xac dinh va so sanh nhiet dp ciia quat lam mat, ciing nhu nhiet dp 
ciia CPU khi sii dung kem tan nhiet Stars vdi kem tan nhiet CNTs/Stars; kem tan nhiet 
ASS vdi kem tan nhiet CNTs/AS5. 

Hmh 20a cho thay, khi sii dung keo nhiet Stars, nhiet dp cua quat lam mat duy tri a 
55,7 °C va nhiet dp cua CPU duy tti g 66 "C; ttpng khi niu su dimg kem tan nhift 
Stars vdi 2% CNTs, nhiet dp cua quat lam mat hiu nhu khdng thay ddi, duy tri d nhiet 
dp 55,6 "C, nhiet dp ciia CPU duy tti d 63 °C (hinh 20b). Kit qua tten cho thiy nhift 
dp eua CPU giam khoang 3 °C khi sil diing kem tan nhiet Stars vdi 2% CNTs. 

Hinh 21a cho thay, khi sii dung keo nhiet ASS, nhiet do cua quat lam mat duy tti 6 
55,7 °C va nhiet dp cua CPU duy tri d 58 °C; ttong khi niu su dung kem tan nhiet ASS 
vdi 2?bCNTs. nhiet dp cua quat lam mat hiu nhu khdng thay ddi, duy tri d nliiet dp 
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55,6 °C, nhiet dp cua CPU duy tri d 56 °C (hinh 21b). Ket qua n^n cho thiy nhiet dp 
ciia CPU giam khoang 2 "C khi su dung kem tan nhiet ASS vdi 2% CNTs. 

•LED-chip 

un' CNTs 

'Heat sink 

Htnh 19. Ung dung vdt lieu CNTs ldm vat lieu tdn nhiet trong: 
(a) thiit bi CPU, (b) linh Uen LED, 

Operation lime (s) 

(a) 

100 110 i u iec 

Operation time (s) 

(b) 
Hinh 20. Kit qud md phong vd do nhiii do cua quat FAN vd nhiet dg cua CPU: 

(a) trucmg hgp su dung keo nhiet Stars, (b) dung keo nhiet Stars vai 2%CyTs [12] 

0 20 40 M n 1H 120 14D 160 I M 200 0 20 tt 60 N 100 120 140 160 i n 2H 

Operation nme (s) Operation Tme (s| 

(a) _ (b) 
Hinh 21. Kit qud md phdng vd do nhiet do cua quat F.4X vd nhiet do cua CPU: 

(a) truong hgp dung keo nhiil AS5. (b) dung keo nhiet AS5 vdi 2%CNTs [12] 
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Di nang cao hieu qua tan nhiet cho CPU, chiing tdi da md phdng va thiet ke cau 
hinh tan nhiet chit Idng su dung vat lieu CNTs. Hinh 22a la md hinh he thdng tan 
nhiet cua CPU khi sii dung phuang phip tan nhiet bing chit Idng chiia thanh phan 
CNTs. 

\ t / 
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Hinh 22. (a) Mo hinh he thdng tdn nhigt vd (b) dd thi nhiet do ciia CPU khi sic dung 
phuangphdp tdn nhiet bdng chdt long chua thdnh phdn CNTs. 

Ket qua thuc nghiem cho thiy khi su dung nude cit ttong he thdng tan nhiet bang 
chat long thi nhiet dp CPU d che dp nhan rdi la 19 °C. Khi su dimg chit long chiia 
thanh phan CNTs thi nhiet dp CPU giam xudng, cu thi la nude chat pha 0,2g 
CNTs/lit-0,6g CNTs/Iit thi nhiet dp CPU d ehi dp nhan rdi la 18 °C, va vdi nude eit 
pha 0,8-l,2g CNTs/lit thi nhift dp CPU d chi dp nhan rdi la 17 °C (hinh 22b). 

Khi sii dung nude cit d ttang thai CPU hoat ddng 100% nhift dp bao hda cua CPU 
d?t 35 °C sau khoang thdi gian 30 phiit. Khi sir dung chit Idng chiia thanh phin CNTs 
thi nhift dp bao hda ciia CPU giam xudng. Cu the, tuang iing vdi nude cit pha 0,2g 
CNTs/lit, 0,4g CNTs/lit, 0,6 g CNTs/lit, 0,8g CNTs/lit, I,Og CNTs/lit va l,2g CNTs/lit 
thi nhift do bao hda ciia CPU lin lupt la 34 °C, 32 °C, 30 °C, 29 °C, 28 °C va 28 °C. Kit 
qua tten chiing td so vcji su dung kem tan nhiet, nhift do cua CPU khi sii dung chit 
Idng tan nhift giam 27 °C. 

- U'ng dung CNTs tdn nhiet trong linh kien LED 
Chiing tdi da sii dung chip LED loai InGaN vdi dien tich hoat dpng 0,5 mm x 0,5 

mm, budc song anh sang kich thich 460 nm va cdng suit lam viec 0,5 W. Hinh 23a la 
anh SEM be mat cua ldp VA-CNTs sau khi dugc tach ra khdi di SiOz/Si va dugc gin 
tten de Cu. Hinh 23b la anh SEM chip LED duac gin len tten bi mat cua di Cu/VA-
CNTs. 

^ Cdng suat sang diu ra eiia cac goi LED duy tti mpt moi quan he tayin tinh vdi ddng 
dan vao neu nhift tao ra hi cac md-dun LED dugc phan tan tdt. Tuy nhien, lugng nhift 
smh ra do cidng diu vao tang se lam giam hifu suit quang LED, kit qua U nang lugng 
anh sang dau ra dat gia tti bao hda. Thdng thudng, ddi vdi cac chip InGaN LED sir 
dung tttmg thi nghiem nay, cdng suit anh sang cua cac goi LED su dyng cac vjt lifu 
tan nhift thuong mai khdng myin tinh vdi ddng diu 300 mA va dat din mdt gid tri bjo 
hoa tai 350 mA. BSng each sii dung VA-CNTs thay vjt lieu tan nhiet thuong mai, 
cdng suat anh sang diu ra cua goi LED cd thi tang tuyin tinh ma khdng d t̂ din dd 
bao hda ngay ca khi ddng diu vao cd thi cao hon 500 mA. 
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Hinh 23. Cdc dnh SEM cua (a) lap mdng VA-CXTs. (b) chip LED gdn len tren lap mdng VA-
CNTs hogc kim cuang [59] 

Hinh 24. Anh chup do sdng tu linh kiin LED vdi ddng ddu vdo (a) 100, (b) 500 mA su dung 
mdng VA-CNTs nhu Id vdt lieu tdn nhiet [59] 

Cac ket qua nghien ciiu \"a thu nghiem budc dau cho thay kha nang phan tan nhidt 
rat tdt cua vat hdu CNTs va md ra tridn vgng iing dung tdt cho cac linh kidn dien tir 
cdng suit Idn. 

Ben canh sii dung vat lieu CNTs dang kem tan nhidt cho LED cdng suat nhd 0,5 W, 
chiing tdi cung da su dung vat lieu CNTs dang Idng dd tan nhidt cho cac LED cdng 
suat cao. 

Chung tdi phat hien mgt h? thdng tan nhiet sii dung chat Idng MWCNTs cho den 
pha LED cdng suat 450 W (hinh 25). Trong he thdng nay, dd tan nhiet bang nhdm 
dugc tidp xiic true tidp vdi vdi 9 chip LED, cac ranh bdn trong dd tan nhidt dugc che 
tao de cho phep chat long chay qua nd \a lay nhiet tu cac chip LED. Chat Idng 
MWCNTs dugc bom vao dd tan nhiet vdi liru lugng 3 cm^/s. Tdng cdng suat ciia bom 
trong he thdng tan nhidt la 1,8 W. Kich thudc va tdng cdng suat cua quat tan nhiet lan 
lugt la 120 x 120 x 38 mm va 3,6 W. Thd tich ciia binh chiia chdt long la 500 ml. Gian 
tda nhiet ciia den pha LED dugc lam tu vat lieu nhdm vdi kich thudc la 150 x 120 x 25 
mm. Kich thudc ciia de tan nhiet va chip LED lan lugt la 210 x 210 x 17 mm va 40 x 
40 X 3 mm. Cdng suat ciia chip LED va tdng cdng suat cua den pha LED lan lugt la 50 
W va 450 W. Nhiet do ciia mdi trudng dugc giii d 20 °C cho mgi phep do bang each 
su dung may dieu hoa nhiet do. Nhiet dg ciia chip LED dugc do true tidp bang each sir 
•iung cam bidn nhiet do gan tren chip LED va thidt bi didu khidn nhidt WH7016E [14]. 
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Khi nono 

• * • 

Cliiii lurif CNTs 

lliim milt! 

Dl t.:ii niiivt bail" 
nhum cli» LED 

Hinh 25. Sado he thdng tdn nhiet bdng chdt long chiia thdnh phdn CNTs 
cho den pha LED cdng sudt 450W 

Hinh 26. Den pha LED cong sudt 450 Wsu dung chdt Idng tan nhiet chua thanh phdn 
MWCNTs [14] 

Hinh 26 la anh cua den pha LED cdng suat 450 W sii dung chat Idng tan nhiet ehiia 
thanh phan MWCNTs. Ket qua thuc nghifm qua trinh tim nhiet cho d^n pha LED 450 
W vdi cac ndng dp khac nhau cua MWCNTs ttong chat long nand dugc the hifn nhu 
tten hinh 27. Tai thdi diem ban dau nhiet dp ciia chip LED la 20°C, sau do nhiet dp cua 
chip LED dat tdi gia tti bao hda vdi thdi gian hoat dgng 40 phiit. Khi sit dvmg hon hgp 
EG/DW cho qua ttinh tan nhiet thi nhift dO bao hda ciia chip LED dat khoang 55°C. 
Nhift dg bao hda cua chip LED dat 53,7°C, S2,5°C, Sl.g'C va S0,6°C hrong ling vdi 
ndng dp MWCNTs ttong chit Idng nand lin lugt la 0,3 g/l, 0,5 g/l, 0,7 g/l, 1,0 g/l va 
1.2 g/I. Nhiing kit qua tten cho thay bing each dua MWCNTs-OH vdi ndng dp 1,2 g/l 
vao chat Idng nand, nhift dp bao hda cua chip LED giam xudng 4,S°C khi so sanh vdi 
ttudng hgp su dung chat long khdng chua thanh phin MWCNTs [14]. 

Hinh 28 la ket qua do su phu thudc phin ttam keo dai mdi tho cua den pha LED 
450 W vao ndng dp cua MWCNTs ttong chit Idng nand. Ket qua do cho thiy ring 
mdi thp cua den LED dugc nang len khi ndng dp ciia MWCNTs ttong chit Idng 
tang len. Phin tram keo dai tudi thg cua den LED dat den gia tti bao hoa d 33% khi 
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ndng dp cua MWCNTs la 1,2 g/l. Phan tram keo dai tudi thg cua den LED gin nhu 
khdng tang ydi ndng do ciia MWCNTs la 1,3 g/l. Vi vay chung tdi xac dinh 1,2 g 1 
la ndng dg toi uu cua MWCNTs cho den pha LED cdng sudt 450 W [14]. 

/ ', 

4S0WLH)RoodLighl 
—•— Without using CNTs n fluid : 

nanofluid with 0 3 9/1 of CMTs 
nanofluid with 0 5 g/l of CKT& I 
nanofluid with 0.7 g/1 of CNTs 
nanoduKl wdh 1.0 (^ of CNTs ' 
nanoflufd with 1.2 g/l of CNTs I 

OpenClon fime (mtnde) 

Hinh 27. Nhiet do cua den pha LED 450 W 
CNT cancwtraUcn (^amfllltsr) 

Hinh 28. Suphu thugc phdn tram keo ddi 
do theo thai gian vdi cdc nong do khdc nhau tudi thg cda din pha LED 450 W vdo nong do 

cua MWCNTs trong chdt long nand [14] cda Mi^'CXTs trong chdt long nand [14] 

Tan nhift cho den dudng LED cong suat 100 \V 

Hinh 29 la anh ciia den dudng LED cdng suat 100 W sir dung chat Idng tan nhiet 
chiia thanh phan MWCNTs. Trong den LED nay, dd tan nhiet bang nhom dugc tidp 
Xiic try:c tiep vdi chip LED 100 W, cac ranh bdn trong dd nhdm dugc chd tao dd cho 
phep chat Idng chay qua va lay nhidt lugng tii chip LED. Tdng cdng suat ciia bom tan 
nhiet la 1,8 W. Gian tda nhidt dugc chd tao tu v^t lieu nhdm vdi kich thudc cua gian 
tda nhiet la 100 ram x 2000 mm x 45 mm. Nhiet do cua chip LED va gian tda nhiet 
dugc do true tiep bang each sii dung cam bien nhiet do gan trdn chip LED va thidt bi 
dieu khidn nhidt OMRON. Nhiet do mdi trudng dugc giii d 28°C cho mgi phep do thii 
nghiem. 

Hinh 29. Ben dudng LED cdng sudt 100 Wsir dung chdt long chira thdnh phan 
MWCNTs 

Hinh 30 la ket qua do nhidt do ciia den dudng LED 100 W theo thdi gian hoat 
ddng trong 2 trudng hgp sii dung hdn hgp EG D\ \ khdng chiia MWCNTs va sii 
dyng hdn hgp EG D\\ chiia MWCNTs vdi ham lugng 1,2 g 1. Trong trudng hgp 
khdng sir dung MWCNTs trong hdn hgp EG DW. nhidt dg hao hda ciia gian tda 
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nhiet va cua chip LED \kn lugt la 59^C va 6 7 ^ . Trong dirdng hgp su dung hon 
hgp' EG/DW vdi ndng dd MWCNTs la 1,2 g/l, nhidt do bao hda cua gian toa 
nhiet va chip LED i k luat la 5 8 T va 6 4 T . Bang each su dung MWCNTs trong 
hon hgp EG/DW, nhiet do bao hda cua gian tda nhidt va chip LED lan lugt giam 
xudng 1°C va3°C. 

0 45-
a 
E 100W LED street Ught 

—»— on I^D (0 g CNTs/l*er) 

- ^ on LED (1,2 g C^r^s/litter) 

— - on Radiator {0 g CNTsflitter) 

— — on Radiator {1.2 g CNTs/titler) 

Z) 50 

Operatim time (minute) 

Hinh 30. Nhiet do cua den duang LED cdng sudt 100 Wkhdo sdt theo thdi gian hogt dgng 

iTng dung CNTs trong dau bdi tr(m tan nhift nano 

Vat lieu CNTs cd nhidu tinh chat mi viet, dac biet vdi do dan nhiet cao da md ra kha 
nang iing dung trong dau gdc cung cac phu gia de tao ra dau boi tron tan nhiet nano, 
giiip lam giam ma sat, giam mai mdn, tang cdng suit dgng co, tidt kidm nhidn lieu, keo 
dai thdi gian su dung dau, giam khi thai ddc hai va nang cao tudi thg va dd bdn cho 
dgng CO ddt trong. Dau bdi tron tan nhiet nand dugc nhdm nghidn cim che tao dua tren 
vat lieu CNTs da tudng bien tinh (san pham cua \^en Khoa hgc vat lieu) va dau gdc 
PAO cung mgt so phu gia. Hinh 31 la anh ciia san pham dau bdi tron tan nhiet chiia 
thanh phan nand cacbon ma nhdm nghidn cim da che tao dugc. 

Dau bdi n-on tan nhiet nand cacbon da dugc tien hanh do dac vdi nhidu phep do 
nhu: dg nhdt dgng hpc, chi sd nhdt, h^m lucmg tro sunfat, khdi lugng rieng, v.v... tai 
Vidn Ky thuat xang dau - Cue xang diu (Tdng Cue Hau Cin , Bg Qudc Phdng); va cac 
phep do siic cang be mat, didm chop chay cdc hd, v.v... tai Phong Thi nghiem Igc hda 
dau (Dai hgc Md dia chit). Cac phep do dac khao sat da cho thiy d iu bdi fron tan 
nhiet chiia thanh phan cacbon nand cho nhidu tmh ch4t dugc cai thien hon so diu bdi 
tron thdng thudng vd do nhdt ddng hgc, chi sd nhdt, siic cang bd mat, v.v... D I U bdi 
tron tan nhiet nand da budc d iu dugc tidn hanh thu nghiem iing dung trdn mgt sd trang 
thidt hi quan six tai Vidn Ky thuat Co gidi Quan su (Tdng cue Ky thuat, Bg Qudc 
phdng), bao gdm: dgng co xe tang T55, dgng ca Zil 131, ddng ca UAZ cua xe thidt 
giap, ddng co xe URAL 375D, va ddng co tau thuy cd nhd. Hinh 32 la anh chup qua 
trinh thir nghidtn dau bdi h-cm tan nhiet nand cacbon trdn be thii dgng co V2 cua xe 
tang T55. Cac ket qua thir nghiem cho thiy khi sir dung d iu bdi tron tan nhidt nand thi 
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nhiet dg ciia ddng co giam xudng khoang 10°C, nhidn lieu tidt kiem dugc 15% va tudi 
thg ciia diu nhdt tang len tren 20.000 km. 

Hinh 31. Sdn phdm ddu bdi tran tdn nhiet chiia thdnh phdn 
nano cdcbon dd che tgo dugc 

BETODONECOKISKE 

lieDtUh- 9iiiAKiiiiign!iKiiE 

Hinh 32. Thu hiim ddu bdi tran tdn nhiet nand cdcbon tren b$ thu dgng ca V2 cua xe 
tdng T55 

- Cng dung mdng Gr trong cdm bien dien hoa 
Cac mang Gr sau khi dugc tdng hgp trdn la Cu da dugc tach va chuydn sang cac de 

vi dien cue cam bidn tich hgp platin (Pt) nhim xac dinh mdt sd kim loai nang nhu chi, 
thiiy ngan va xac dinh cac nong do glucose, cholesterol va atrazine. Hinh 33 la anh ve 
md ta cac budc tach va chuydn mang Gr hi la Cu sang dd vi dien cue Pt. 

Cation Pb(II) trong dung djch dugc nhan bidt bang phuang phap von-ampe hda tan 
anot theo ky thuat sdng vudng (SWASV) trong dung dich dem axetat 0,1M pH=4,5. 
Hmh 34 trinh bay dudng SWASV ghi trdn didn cue Pt/Gr/poly(l,5-DAN) hong dung 
dich khdng cd va cd Pb(II) ndng do 1 nmol/L, the didn phan lam giau la -IV, thdi gian 
lam giau la 240 giay. Dien cue Pt/poly(l,5-DAN) ciing dugc thii nghiem ddng thdi dd 
ddi chiing. Dudng phan hdi SWASV trdn didn cue Pt/Gr/poly(l,5-DAN) thd hien pic 
hda tan chi rat ro net tai -0,54 V. Trong didu kidn nay, mang poly(l,5-DAN) thuan 
Khong cd tin hieu. Nhu vay mang graphen cd tac dung tang hoat tinh dien hoa cho 
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mang poly(l,5-DAN) va tang dp nhay ttong phep xac dinh chi(II) b ing ky thuat von-
ampe hoa tan. Ham topng ehi ma cam biin cd thi phat hien la InM/L [56] 

Loai bo PMMA bang acetone 

An mon Cu bang Fe(N03)2 

ChuySn 

Mang PMMAJgraphen E,| , | aiSn cue R 

Hinh 33. Cdc bu&c tdch vd chuyen mdng Gr tir Id Cu sang de vi dien ctfc tich hap Pt 

< 40 

E,V 
Hinh 34. Duong SWASV hoi dap ciia dien cue trong dung dich dim axetat O.IM khong CO ] 

(du&ng a) vd cd Pb(U) Inmol/L (duang b): dudng c ghi tren diin cue doi chimg Pt/poly{l,5- '\ 
DAN) [56] * 

Hinh 35a cho thay cam bien sinh hgc tten eg sd mang Gr/PANi da cd dap ling ra 
tuyen tinh vdi ndng dp co chat glucose ttong khoang tir 2,9-23mM va tuyin tinh vdi 
ndng dp eg chat cholesterol ttong khoang 1,3-19,4 mM. Dp nhay cita cam biin xac 
dinh ndng dp glucose khi khdng sir dung va sii dung Idp mang Gr tuong img la 10-30 
HAmNT'cm"' va 47,25 pAinM'cm"^ [41]. Hmh 35b cho thiy cam biin sinh hgc tten co so 
mang Gr/PANi da cd dap img ra tuyen tinh vdi nong do co chat cholesterol ttong 
khoang tir 2,0-20mM va tuyin tinh vdi ndng dp co chat cholesterol ttong khoang 2,0-
16 mM Dp nhay ciia cam biin xac dinh ndng dp cholesterol khi sii dung ldp raang Gr 
cd thi dat 74 nAmM"'cm"^ [43]. 
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Hinh 36. (a) Dap img SWVvd (b) dap ung dong cua cdm bien vdi nong do atrazine 
thay ddi tic la" tai la^ M 

Hinh 36a va 36b lan lugt la dudng dap iing SWV va dap img ddng ciia cam bien vdi 
ndng do thudc bao vd thuc vat atrazine thay ddi tii 10"̂ ' tdi 10"' M [60]. Gidi han cua cam 
bien Gr/PANi xac djnh ndng dp atrazine cd thd dat 43 pg.L"\ thip hon rit nhidu so vdi tidu 
chuan x^c dinh ciia Uy ban Chau Au (lOOpigL )̂. Bdn canh vide thu nghiem iing dung 
niang Gr trong cam bidn didn hda, nhdm nghidn cuu cung da thii nghiem chuyen mang 
Gr tir de ddng sang cac didn cue tranzito hidu iing tnrdng (FET) nham xac dinh du 
lugng thudc bao ve thuc vat atrazine. Kdt qua budc diu cho thay cam bidn sinh hgc 
Gr/FET de phat hien atrazine cd do nhay 64.85 (mA/logCATz) trong dai do tir 10''-10" 
'-M va gidi han phat hidn LOD la 2.1xl0'^^M. 

Vat lidu dng nand cacbon (CNTs) va vat lieu graphen (Gr) la ddi tugng vat li?u mdi 
CO nhieu trien vgng trong ca nghien cihi co ban va nghidn ciiu iing dung. Chiing tdi da 
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dat dugc mdt sd ki t qua kha quan v i xay dung thiit bi va quy ttmh cdng nghe '; ^ ^^ 
vat lieu dng nano cac bon don hidng, da Wong va vat heu^graphen (dang ™^^=^^^ 
dang bpt). Md rdng quy md chi tao, ttmg budc nang cao chat lupng, thucmg m. 
san pham vat heu va md rdng nghien ciiu dac trung tinh chat va ung uimg 
vat lieu CNTs va vat heu Gr la muc tieu cua Phdng thi nghiein- , , , , , . 

' Trong khudn khd cua hai gidi thieu, chiing tdi khdng co diiu kien dg trmh "ay dugc 
diy du, cac thdng tin chi tiit hon dugc ttinh bay ttong cudn sach chuyen khao: vat l ipu 
Cacbon cau true nand va cac ling dung tiem nang, NXB Khoa hpc l u rune g 

nghe, nam 2014 [61], va cac tai lieu tham khao kem theo. 

LM cam ffn: Chiing tdi xin tran ttpng cam on si; ho ttp tai chinh ciia cac de tai: 
Nafosted (103.99-2012.15), d i tai c ip Vien Han lam Khoa hpc va Cdng nghe Vjft 
Nam (VAST 03.06/14-15, VAST.TD.AN-QP.03/14-16) va de tai cap Phong thi 
nghiem Trpng diem ciia Vien Khoa hgc vat lieu, ma sd CSTD01.15. 

Chiing tdi xm ttan ttpng cam on GS. VS. Nguyin Van Hieu da ung hd cho hudng 
nghien ciiu cua phdng thi nghiem. 

Chiing tdi xin ttan ttgng cam on svt cdng tac ciia cac the he sinh vien, cao hpc, 
nghien ciru sinh da thuc hi^n cdng viec tai PTN chung toi. 

Chiing tdi xin cam on su hgp tac qudc t i cua cac Gs. Hanjo Lim, Soonil Lee-Dai 
hgc Ajou-Han Qudc; Gs. L. Sauvajol-Dai hpc MontpeMer-CH Phap, Gs. Elena D. 
Obraztsova- Vien Vat ly A.M. Prokhorov, Vien Han lam khoa hpc CHLB Nga. Chiing 
tdi xin cam on su hgp tac cua TS. Le Trpng Lu, Vien Ky thuat nhiet ddi ttong viec 
cung c ip cae hat nano sat tir d i tdng hgp vat Ueu CNTs dinh huong; TS. Dang Van 
Thanh, giang vien trudng Dai hpe Y Dugc-Dai hpc Thai Nguyen trong viec hd trg tdng 
hgp vat lieu Gr dang hot bing phuang phap ling dpng dien hda hd trp plasma. 
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