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Tém tit:

Glay Bucky dwge ché tao bang phuong phap loc hiit chin khéng tir cac dng nano cic bon. Véi phuong phap nay,
cac ong nano cac bon dwogc sap xép mét cach ngau nhién, ching dan xen thanh cac mang lwéi va lién két voi nhau
chu yéu bang Iyc lién két Van der Waals. Do do giay Bucky tuwong daoi xop, do bén co khong cao, nhiét truyen ‘trong
glay Bucky theo cac hu’o’ng ngiu nhién va phu thujc nhiéu vao dlen tich tlep xuc cia cac ong nano cac bon. Pé khic
phuc véan dé rong x0p ciing nhw gla cuong lwe lién két giira cac ong nano cac bon, nhom nghién ciru da tién hanh
tong hop polyamlme (PANI) vao glay Bucky. PANI sé bao boc bé mit 6ng nano cic bon va bao boc cac vi tri tiép xic
gura cac ong, dong thoi lam gidam thé tich chira khi, tir d6 gitip cai thién d9 din nhigt. Cac Kkét qua thlrc nghi¢ém cho
thay, viéc tong hop PANI di 1am giam thé tich chira khi, ting dd din nhiét tir 0,26 W/m.K ddi véi miu Bucky ban

dau 1én 0,51 W/m.K.

Tir khéa: composite Bucky/PANI, giéy Bucky, tAm dan tan nhiét.

Chi sé phén loai: 1.8

Gidi thiéu

Gidy Bucky dugc biét dén 1a loai vat liéu mang mong
duogc tao thanh tir su sip xép cta cac 6ng nano cac bon
thong qua lyc lién két Van der Waals. Sy sap xép ngau nhién
clia cac Ong nano cac bon lam giam dién tich tiép xtc gitra
céc ng, nhiét lan truyén theo nhiéu huéng trong mang ludi
cua gidy Bucky. Do d6 ma tinh chat nhiét cia gidy Bucky
bi anh huong nhiéu béi ciu trac mang. Nhidu khao sat cho
thdy duong kinh, chiéu dai [1], sy dinh hudng [2], d6 dan
nhi¢t riéng cla cac soi nano cac bon [3], loai éng nano cac
bon don véach hay da vach [4]... c6 anh hudng dén do din
nhiét cua gidy Bucky. Gan ddy, mot vai nhom tac gia da
nghién ctu vé hiéu ung phéi hop cua nhiéu vat liéu nhim
lam ting d¢ dan nhiét, nhu két hgp graphen nanoplatelet va
nano céac bon [5], nano cac bon va sgi nano dong [6]... két
qua cho thay sy két hop céc loai vat liéu voi nhau giup cai
thién tinh chat nhiét rd rét. Bang cach composites hoa gidy
Bucky vdi keo epoxy, nhom tac gia Z. Wanga [7] da dua ra
két ludn vé viéc cai thién tinh chat co 1y cuia gidy Bucky.

PANI 1a mét trong s it polyme c6 kha nang dan dién
duoc cac nha khoa hoc sir dung dé lam tiang kha ning dan
dién ung dung trong siéu tu dién. Hién nay cac nghién ctru
chu yéu tap trung vao vi¢c su dung PANI dé cai thién do
dan cia dién cyc va dién dung cia tu, nhu hé dién cuc
composite graphene/polyaniline nanofiber [8], soi nano
céc bon/PANI [9] va Bucky/PANI [10] cho nhiing két qua
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tdt voi nhitng tinh nang vuot trdi khi so sanh véi dién cuc
ché tao don thuan tir sgi nano cac bon don 1é. Béng cach
composite hoéa soi nano cac bon véi PANI, nhom nghién
ctru cua D. Jie [11] cho théy su cai thién do 6n dinh nhiét
cua composite so voi mdt vat liéu don 1é. Do d6 trong bao
c4o nay, chung t6i nghién ctru ché tao gidy Bucky composite
v6i PANI. Duya trén su tuong quan ciing nhu mdi quan hé
gilta co ché dan dién va nhiét cua vat liéu d6 1a su chyén
dong cua cac electron cho thy riang viéc composite PANI
v6i gidy Bucky ngoai cai thién do dan dién ciing s& giup cai
thién d6 dan nhiét cua giéy Bucky. Sy bao boc ctia mang
ludi PANI quanh céc vi tri tiép xuc duogc du doan la sé cai
thién co tinh cho gidy Bucky. Bén canh do, sy gia cuong
cac vi tri tiép xuc cling giup dam bao sy tmyén nhiét lién
tuc bén trong gidy Bucky ma qua dé s& gitp ting do dan
nhiét cua gidy.

Thuc nghiém

Chudn bi méu

Gidy Bucky sir dung trong nghién ctru nay dugc ché tao
tur 6ng nano cac bon da thanh c6 dudng kinh 20 nm, dg tinh
khiét >90% ctia hing Cheaptubes (M§). Monomer aniline
dugc mua cua hang Sigma Aldrich (Dtc), Isopropanol
(IPA) dugc mua cua hang Sigma Aldrich c6 ty trong 0,786
g/cm?, @6 nhét 1,96 cP tai 25°C. Mang loc xenlulozo kich c&
50x50 cm, kich thudc 16 0,45 um cua hing Sigma Aldrich.
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Abtract:

The Bucky paper was fabricated by micro-filtration of
a suspension of carbon nanotubes. In this method, the
carbon nanotubes were randomly arranged to form
the porous structure sheet called the Bucky paper. The
Bucky paper transferred heat in random directions
through the structure and this transmission was most
dependent on the contact of individual carbon nanotubes.
In this research, Polyaniline (PANI) was synthesized
onto the Bucky paper via the electrochemical method.
SEM images showed that PANI covered around the
carbon nanotubes and their contact points. We assumed
that PANI helped to decrease the volume of air in the
structure and increase the mechanical properties of the
Bucky/PANI composite. Thermal conductivity increased
from 0.26 W/m.K to 0.51 W/m.K for original Bucky
paper and Bucky/PANI composite, respectively.

Keywords: Bucky paper, Bucky/PANI composite,

thermal pad.
Classification number: 1.8

Dau silicone dugc mua ctia hang Sigma Aldrich véi do nhot
150 mPa.s.

Bom chan khong dugc sur dung trong deé tai nay la Model
VE 125 ¢6 Iuu Iugng 70 lit/phit, tao dugc dd chan khong
5 Pa.

Gidy Bucky st dung trong phan thuc nghiém duoc ché
tao bang phuong phap loc hit chan khong. Nano cac bon
duoc phan tan trong dung moi IPA béng song siéu am (tan
s6 20 kHz, nang lugng 1375 W), sau d6 hit chan khong qua
phéu loc c6 st dung mang loc xenlulozo dé tao thanh gidy
Bucky.

Chuén bi dung dich téng hop PANI c6 thanh phan: 250
ml HCI 2M; 13,7 ml anilin va nudc DI dé co duoc tong
thé tich 1a 500 ml. Dién cyc lam viéc 14 hai tim Titan dang
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lugi c6 dién tich 7x12 em? va dién cuc déi 14 hai tm Titan
phing co6 dién tich tuong duong. Gidy Bucky sau khi ché tao
s& dugc cat thanh cac tam hinh chit nhat c6 dién tich 6x10
cm’, ngdm trong dia petri ¢6 chira dung dich téng hop. St
dung budng hut am chan khong, tién hanh hut chan khong
khoang 30 phut d& dung dich tham hoan toan. Tdm gidy
Bucky dugc dit vao giita hai tm lugi Titan dé thuc hién
qué trinh dién héa, hé dién hoa duoc bé tri nhu so dbd hinh
1. Qua trinh dién hda dugce thyc hién ¢ nhiét do phong, thoi
gian tong hop 1 15, 60 va 90 phat (twong Gmg véi cac mau
P-15, P-60 va P- 90) v6i mét do dong dién duoc dleu khién
trong khoang 1,5 mA/cm? Sau khi téng hop gidy ‘Bucky
dugc rua lai 3 lan v&i nude DI dé lam sach tap chét ciing
nhu mudi du bam trén bé mat va dé kho & nhiét do phong
trong 24 gio. Cubi cung, glay Bucky va cac mau P-15, P- 60,
P-90 dwoc lam sach bé mit bang cach say bing may siy
trong 30 phit, sau d6 thim wot silicone bang phuong phap
hut chan khong trong budng hiit 4m 15 phut trude khi mang
di khao sat tinh chét nhiét.

Bién cyrc lam
viéc
Bién cyre dai

Dung dich
tdng hep

Hinh 1. So dd bd tri hé dién héa.

Khio sdt tinh chit

,Dé pghién ctru d6 dan nhiét cua giéy Bucky, ching t6i
thi€t ke h¢ do nhiét tr¢ theo tiéu chuan ASTM D5470 [12].
Hé do s€ ghi nhan nhiét (j(f) tai 4 vi tri trén khoi d61~1g bang
dau do, sau do su dung dé tinh toan nhiét tré ciia mau.

Do din nhiét cta vat liég duoc tinh toan béng phuong
phép ngoai suy thong qua do thi nhiét tr¢ theo be day cua
mau.

Céu trac mang cua gidy Bucky va su phén b ciia PANI
bén trong gidy Bucky dugc quan sat bang kinh hién vi dién
to quét SEM.

Két qua va thio luan
Két qud phdn tich hinh thai hoc

Mau giéyﬂBucky sau khi téng,hqp PANI dugc mang di
chup SEM dé quan sat sy phan bd cua PANI bén trong cau
triic ctia giay Bucky.
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Qua anh SEM hinh 2A c¢6 thé thay rang, cic éng nano
cac bon nam chdng chéo 1én nhau mot cach ngiu nhién tao
thanh gidy Bucky véi nhiéu 15 x6p. Cac 16 xp nay chua
khong khi voi do dan nhiét thap (0,0026 W/m.K) 1am ngin
can qua trinh truyén dan nhiét, giam d6 dan nhiét cta giéy
Bucky. Ngoai ra, luc lién két giira cac dng nano cac bon voi
nhau chu yéu 1a luc Van der Waals, twong d6i long 1éo. Sau
khi téng hop PANI 1én gidy Bucky, c6 thé thiy ring, PANI
bao boc quanh éng nano cac bon ddng thoi bao boc theo cac

vi trf tiép xtc gitra cac dng nano cac bon, (hinh 2B, 2C, 2D).
(A) Diédu nay gitp lam ting do bén lién két giita cac vi tri tiép
xuc, ddng thoi 1am giam thé tich 16 xp bén trong céu trac
gidy Bucky, tir 6 1am ting d6 din nhiét. Ngoai ra, quan
sat hinh 2B, 2C va 2D lan luot la cac mau P-15, P-60, P-90
tuong ung voi cac khoang thoi gian tong hop 13 15, 60 va
90 pht, ta c6 thé thiy mat do bao phui cia PANI trén gidy
Bucky ty 1¢ thuan véi thoi gian tong hop. Diéu nay ciing
duogc kiém chimg qua két qua phan tram khdi luong ¢ bang
1.
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© Hinh 3. Phan tram khai lugng Bucky, Silicone va PANI trén tam

dan truyén nhiét.

Hinh 3 cho thay phan trim khdi lugng Bucky, silicone
va PANI trén tim dan truyén nhiét voi thoi gian 15, 60, 90
phut twong tmg lan lugt 1a P-15, P-60, P-90. Chung ta c6
thé thay rang, khi ting thoi gian tong hop thi phan trim
khéi lugng PANI ting 1én, phan tram khéi luong silicone
giam xudng. Silcone khi tham vao gidy Bucky s& gilip lap
day cac 16 x6p vi mo bén trong ciu trac. Nhu vay thé tich 16
x6p cang 16n, phan trim khéi lwong dau silicone thdm vao
s& cang nhiéu. Hién tuong phan trim khéi lugng PANI ting

1én trong khi phan trim khéi lwong silicone giam cho ta thiy
Hinh 2. Anh SEM c4u tric bé mit, véi (A) clia gidy Bucky va (B), ~ rang, viéc tong hop PANI dé gip gia tang mét d6 xeép chat,

(C), (D) lan lugt la caic mau P-15, P-60, P-90. giam thé tich 15 xép trong giéy Bucky.
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Két qud tinh todn d@é dén nhiét

Dé kiém tra d6 din nhiét cua gidy Bucky ciing nhu kiém
tra hiéu qua cai thién do dan nhiét ciia gidy sau khi tong hop
PANI, chung t61 tién hanh do nhiét tré ctia mau theo tiéu
chuan ASTM D5470.
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Hinh 4. S¢ d6 phan bd hé do nhiét theo tiéu chuin ASTM D5470.

He¢ do nhiét tré dugc bd tri nhur so d6 hinh 4. Khéi dong
dugc gianhiét 1én mot nhiét do nhét dinh va dugc gili nguyén
trong mot khoang thoi gian dé c6 gia tri 6n dinh. Cac gié tri
T1, T2, T3, T4 tai cac vi tri trén khdi dong nho dugce luu lai
trong bo ghi, sau d6 cac gia tri nay s& duoc dung dé tinh toan
nhiét trd trung binh ctia mau theo cong thirc:

d
6= (TA_TD)ﬁ e)
V6i T,, T, dugc xéac dinh theo cong thire:
d
Ty=T, - ﬁ(ﬂ —T) ()
d
Tp =T; — d_?(T3 =Ty 3)

Trong d6: AT=T -T,=T,-T, Aladd dan nhiét riéng
cua dong; d , 1a khoang cach gitta T, va T,; d, 1a khoang
cach gitra T, va mt trén cta mAu; d.. 1a khodng cach gitra
T, vaT,; d, la khoang cach gitra T, va mat dudi cua mau.
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Hinh 5. Két qua do do dan nhiét theo bé day clia cAc mAu.

Do thi & hinh 5 1a két qua do nhiét trd trén mot don vi
dién tich theo bé day ctia miu gidy Bucky ché tao tir ng
nano cac bon va mau Bucky c6 tong hgp PANI. Nhiét tro
ctia cic mau gidy Bucky giam khi c6 tong hop PANI dugc
quan sat thdy & hinh 5. Cé hai nguyén nhén bén trong ciu
trac gidy Bucky c6 thé giai thich cho diéu nay. Thir nhat,
PANI giup 1am tiang kha ning tiép xtic gitra cac 6ng nano
cac bon. Nhu ching ta da biét, luc lién két giira cac ong
nano cac bon bén trong gidy Bucky chu yéu 14 lyc lién két
yéu Van der Waals, Iyc lién két nay s& bi yéu di trong moi
truong c6 d6 nhét cao nhu diu silicone. Do d6 khi thim dau
silicone vao gidy Bucky, cac ng nano cac bon sé bi tach roi,
lam giam dién tich tiép xtc giira chung, lam cho con dudng
truyén nhiét bi gian doan va nhiét tré s& ting cao. Khi tong
hop PANI vio gidy Bucky, PANI bao boc theo cac vi tri tiép
xuc, gitp ¢6 dinh cac sgi nano cac bon, qua d6 duy tri sy
truyén nhiét lién tuc, két qua 1a 1am giam nhiét tro. Thr hai,
PANI gitip giam thé tich khong khi bén trong ciu truc gidy
Bucky. Gidy Bucky tao thanh béi sy sap xép ngau nhién cia
cac dng nano cac bon, diéu nay di lam cho Bucky c6 mot
ciu trac x0p, bén trong Bucky con rat nhiéu khoang tréng
chtra khong khi, trong khi d6 d6 dan nhiét ctia khong khi 1a
rat thip (khoang 0,0026 W/m.K). Pay chinh 1a mot trong
nhiing nguyén nhan lam cho Bucky chua tan dung dugc uu
diém vé d6 din nhiét cao ciia dng nano cac bon. PANI sau
khi tong hop 1én Bucky da gitip 1ap day mot phan khong
gian tréng bén trong Bucky, diéu nay di duoc quan sat va
chimg minh qua két qua ¢ hinh 3.
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Hinh 6. K&t qua do din nhiét cia Bucky va cdc miu Bucky c6
tong hgp PANI.

Biang phuong phap ngoai suy, chung t6i tinh toan duoc
d6 din nhiét ciia cic mau tuong tmg nhu két qua trén hinh 6
va théng ké chi tiét trong bang 1. Két qua cho thiy khi ting
ndéng d6 PANI trén gidy Bucky, do dan nhiét cia gidy ting
1én. D6 dan nhiét ting lan luot 12 0,38; 0,4; 0,51 tuong trng
véi cac mau P-15, P-60 va P-90. Nhu vay mau P-90 cao hon
hai 14n so vé6i gidy Bucky ban dau c6 do dan nhiét 1a 0,26
W/m.K.
Bang 1. Thong ké chi tiét két qua cac mau Bucky sau khi tong
hop PANI theo thai gian.

Miu  Thoigian % Bucky % PANI % Silicone D9 din nhiét
(phit) (Wm.K)

P-15 15 20,25 5,59 74,16 0,378

P-60 60 26,77 8,55 64,68 0,399

P90 90 27,59 11,08 61,33 0,509

Nhin vao két qua do din nhiét trong bang 1 ta c6 thé thiy
rang, 4o dan nhiét ting theo chiéu ting ctia mat do PANI.
Khéi lwong PANI cang ting, do dan nhiét ciing ting 1én.
Két qué nay cung cb thém két luan vé viéc tong hop PANI
1én giay Bucky giup cai thién do dan nhiét thong qua viée
lap day cac 16 trong khi va gla ¢d cu trac cac vi tri tlep xuc
gilia cac sgi nano cac bon dé duy tri sy truyen nhiét lién tuc.

£ ~
Ket luan

Nhu vay, bang cach tong hop PANI 1én nén gidy Bucky
da dem lai mot so cai thién dang chu y. PANI gép phan g1a
b cac vi tri tlep xuc g1ua cac ong nano cac bon, lip day
cac khoang tréng trong céu triic cua glay Bucky, tor d6 giup
giam nhiét tro, ting do dan nhiét ciia tam composite Bucky/
dng nano cac bon.

LO1 CAM ON

Chting t61 chan thanh cam on su hé tro tai chinh tir BO
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Khoa hoc va Cong nghé théng qua dé tai “Nghién ciru cong
nghé ché tao mang mong truyén nhiét trén nén nano cac bon
tmg dung cho céc thiét bi dién va dién ti”, ma sé DM.17.
NC/16.
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