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ABSTRACT

The electromagnetic interference shielding features were characterized by three behaviors
such as reflection, transmission and absorption. The electromagnetic interference shielding
efficiency of nanocomposite materials based on carbon nanotube (CNTs) containing epoxy resins
has been investigated using vector network analyzator HP 8270D. Studying the influence of CNT's
concentration and the material thickness on the electromagnetic absorption properties at X band
(8 - 12 GHz) showed that a sample with CNTs concentration 5% and thickness 1 cm
electromagnetic absorbance attains average more than 0.9.

- MO DAU

Cac vat lieu hdp thu soéng rada (Radar
Absorbing Materials - RAM) hiéu qua 1a vat
liéu c6 cdu tric mang dan. Mang dan can thiét
dé 1am tiéu hao btic xa dién tir t6i thong qua su
dich chuyén dong cam tng trong vat liéu gay ra
bdi dién truong cia dai song t6i va lam suy
giam sy phan xa dén miic t6i thiéu [1, 2]. Chat
luong cia RAM phu thudc vao téng hing so
dién moi (¢) cua né [3]. Téng hing s6 dién moi
bao goém phan thuc (¢’) va phan do (¢”) dac
trung cho tinh phan cuc va tinh dan cuta vat liéu,
chiing duoc lién hé véi nhau qua biéu thic [4]:

e=¢ -ig” (D)

Gi4 tri ton hao tangent (tan 8) chinh la tiéu
chuén dé danh gid tinh hdp thu séng rada cua
vat liéu, gid tri ndy dugc do bang ti s6 ctia phan
dién moi ao va phan dién moi thuc [3]. Cac vat
liéu c6 gid tri tan & > 1 dugc coi 1a vat liéu t6n
hao, vat liéu c6 gia tri tan & dat dén khoang 10
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la vat liéu hap thu séng dién tur 1y tudng [3].
tand= ¢”/¢’ (2

Dé hip thu séng rada céc polyme déin
thudng c6 nhiéu wu diém hon so véi céc vat liéu
truyén thong khdc nhd mot s6 dic diém quan
trong clia ching nhu c6 thé diéu khién dugc tinh
dan, gid thanh dé tong hop va gia cong thap [3].
Céc nghién cttu méi nhat hién nay trén th€ giGi
chu yéu tap trung vao huéng ché€ tao RAM trén
co s6 compozit don cacbon nanotube (CNTS).
Mot s6 két qua da chi ra rang tinh chin séng
dién tir ca céac vat liéu nay dugc mo ta badi ba
hanh vi: phan xa, truyén qua va hap thu, dua
trén su phan xa d6i véi bic xa dién tir t6i [5] Y.
Yang va M. C. Gupta da c6 nhiing suy dodn dau
tién vé co ché chan séng dién tir dién hinh cla
XxOp compozit cacbon nano tube — polystyren
(CNTs-PS). Tuy vay, nhiéu ting dung hién nay
da thiét 1ap tinh chan song dién tir dua trén co s
cta tinh hap thu cé y nghia quan trong hon
nhiéu so vdi tinh phéan xa va phan hip thu nay



tang khi tang tan s6 bic xa cua séng tGi [6 - 9].

Noi dung bai bdo nay dé cap dén viéc
nghién ctu ché tao vat liéu compozit trén co s
nhua epoxy doén cacbon nanotube da tuong
(multi walled carbon nanotubes - MWCNTSs) cé
kha nang hép thu séng rada & dai tdn bang X (8
- 12 GHz).

Hiéu luc chin séng dién tUr (shielding
effectiveness - SE) clia vat liéu nanocompozit
epoxy/MWCNTs duoc x4ac dinh trén mdy phan
tich vach vecto HP 8270D theo tiéu chuin
ASTM D 4953-89. Hiéu luc chan séng dién tir
cta vat lieu phu thuoc vao ti 1é cua cong sudt
thu trén cong sudt phat, don vi ctia né do bing
decibel (dB) [10].

SE = 10logIP,/P,l = 20loglE,/E,l  (3)

P, (E)) va P, (E,) 1a cong suit thu (dién truong
thu) va cong sudt phat (dién truong phat).

Hé s6 hédp thu song dién tir cta vat liéu (Ab)
c6 thé tinh dugc thong qua cdc gid tri cong sudt
thu va phat. Trong mot s6 truong hop 1y tudng
Ab c6 thé tinh duoc thong qua céc hé s phan xa
(R,) va hé s6 truyén qua (T,) cta vat liéu theo
cong thuc:

Ab=1—T,—R, 4)
R, va T, theo thit tu dugc tinh bang ti s6 cua dién
truong phan xa (reflected electric field - E,) va
dién truong truyén qua (transmitted electric
field - E,) trén dién trudong tGi (incident electric
field - E;). Dong thoi R, va T, con dugc tinh toan
thong qua cac tham s6 S ma S, (Sy,) va Sy, (S;))
la cdc tham s6 phan xa va truyén qua ma may
xac dinh duoc.

R, = [E/E[ =S, (hodc S,,)”  (5)
T.=IE/E” =1S,,
Sul* (6)

hoac
I - THUC NGHIEM

1. Nguyén liéu, héa chat

- Nhua epoxy Epikote 862 (Hexion
Specialty Chemical).

- Chat d6ng ran Poamidoamin (PAMAM).

- Axit H,SO,, HNO;, dung moi axeton va
nudc khir ion.
- Cacbon nanotube da tuong (MWCNTSs)— San
phdm cta Vién KHVL (duong kinh 6ng 10-50
nm; chiéu dai ong 1- 10 um; trong d6 cacbon
nano tuyp chi€ém > 90%, cacbon vo dinh hinh <
6%, Fe: 2,68%, Al: 0,26%, Si: 0,73%).

Phuong phap nghién ciru

- Cau tric va cac dac tinh caa MWCNTs
duoc nghién citu boi kinh hién vi dién tir quét
(SEM), phé tan xa Raman.

- Pho hong ngoai nghién citu MWCNTs da
bién tinh (gan cdc nhém COOH).

- C4c hiéu tng hap thu, truyén qua va phan
xa song dién tir ctia vat liéu duge nghién ciu bai
mdy phan tich vach vécto HP 8270D.
Bién tinh CNTs va ché tao vat
nanocompozit trén co s epoxy/CNTs

liéu

MWCNTs trude tién dugc oxy héa bdi hén
hop axit H,SO, va HNO; dam dac trong c6c
thuy tinh va rung siéu am 3 gio dong ho, sau do6
thém mot luong nudc khir ion vao cdc va tiép
tuc rung siéu am thém 3 gio nita. Két thic qua
trinh rung dung mang loc PVDF (Millipore,
kich thudc 16 0,45 pm) cling véi su tro gidp cta
bom hiit chan khong dé thu h6i MWCNTs da
oxihdéa (O-MWCNTs), ti€p theo diung nude khir
ion rira sach luong axit du trén O-MWCNTS va
dem say kho.

MWCNTs sau khi da oxihda c¢6 gan cdc
nhom axit cacboxylic trén thanh 6ng hoac dau
mat ong sé duoc khudy tron truc tiép véi cac
phan tr polyamidoamine GO (PAMAM GO) véi
ti 1¢ 2 nhém cacboxylic axit/1 phan tt PAMAM
GO trong dung moi axeton véi su trg gidp cia
rung siéu am va khudy. Nho su tuong hé dién tir
gifta cdc nhom cacboxylic axit nay va cdc nhém
amin trong phan tt PAMAM GO, phan tu
PAMAM GO dugc ghép 1én trén bé mat CNTSs.
Trong d6 moéi phan tt PAMAM GO c¢6 t6i 4
nhém amin vi vdy cdc nhém amin nay s€ ghép
lén trén bé mat ctia CNTs va c6 thé luu héa véi
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nhua epoxy dé hop nhat CNTs vao trong mang
luéi epoxy [11].

| H,80,/ | o

So d6 minh hoa:

- HNO; | 9

: 2 +PAMAM GO Epoxy

— Lo —_ & HiH; —— Nanocomposite
- reflux i NH, Curing

i Agent

MWCNTs

111 - KET QUA VA THAO LUAN

1. Cau tric va hinh thai hoc cua vat liéu
nanocompozit epoxy/CNTs

Cacbon nano tube cé nhitng tinh chat nhay
cam khi thay déi cau tric cta 6ng. Phu thudc
vao do xodn clia 6ng, CNTs c6 thé ¢6 tinh chat
kim loai hoac ban dan. Vi vay tinh chat cla
CNTs dugc xac dinh bdi duong kinh, do dai, do
xo0dn, s6 luong va su sap x€p 1an nhau cla céc

16p.

o

Hitachi x13.0k SE(M) 3/14/2007 15:35

Hinh I: Anh SEM va TEM ctia MWCNTSs

Nghién ctu phé hong ngoai cla O-
MWCNTs ciing cho thdy cac pic dac trung cho
céc lién ket C—O, C=0 va O—H cua nhém axit
cacboxylic gan trén thanh 6ng. X4c dinh mot
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CAu tric cia CNTs phu thudc vao diéu kién
va phuong phdp téng hop. San phdm cacbon
nano tube da tudng cta Viéen KHVL tong hop
bing phuong phédp lang dong héa hoc pha hoi
(Chemical Vapor Deposition - CVD) cacbua
hidro axetylen (C,H,) st dung xuc tac la cac hat
sét.

Nghién cttu cau tric chia MWCNTSs bang
phuong phiap SEM va TEM két qua xac dinh
dugc MWCNTSs c¢6 duong kinh 6ng trung binh
khoang 40 nm, chiéu dai cua 6ng tir 100 nm -
pm.

cdch dinh tinh ti 1¢ cta C va O trén bé mat
MWCNTs da bi oxyhoa chi ra rang ti 1& nguyén
tir C va nguyén tar O 1a 7:1 [10]. Gia thi€t mbi
nhém axit cacboxylic c6 chtta 2 nguyén tir O thi



udc doan s6 lugng ciia né tuong ung khoang
1/8 s6 nguyén t¢ C trong MWCNTs da bi
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Hinh 2: Ph6 héng ngoai ctia CNTs - COOH

MWCNTs ndi bat béi tinh tro vé6i bat it luc
hiit van der Vaalls ndo. Su gin nhém chiic 1én
MWCNT c6 tac dung ngan can su tap hop lai
cia MWCNTs va gitp ching phéan tan t6t hon
trong dung moi hitu co.

Nghién ciu cdu tric cha vat liéu
nanocompozit trén cd s& nhua epoxy cé chia
MWCNTSs da bién tinh v6i ham lugng 1% cho
thay trén nén polymer xudt hién céc hinh 6ng cé

chiéu dai khoang 100 - 300 nm véi do sing
tuong doi 16, mot s6 doan khac ngan hon 1a do
qud trinh oxihéa MWCNTs bang hén hgp axit
manh da lam dut gy cac ong (hinh 3b). Cau
tric clha vat liéu nanocompozit Epoxy véi
MWCNTs chua bién tinh qua anh SEM khong
cho thay hinh anh cdc 6ng MWCNTS, 1o rang la
ching bi tap hop lai (hinh 3a).
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Hinh 3: a. Anh SEM cdu tric ciia epoxy/MWCNTSs chua bién tinh;
b. Anh SEM céu triic cia epoxy/MWCNTSs da bién tinh
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2. Tinh hap thu song dién tir cia vat liéu
nanocompozit epoxy/O-MWCNTSs

Mau vat lieu tht nghiém cé kich thuéde
10x10 cm, chiéu day 0,5 cm, phi hop kich
thuGc loa cia mdy phan tich vach vecto HP
8720D. Nghién ctu tinh chan séng dién tir cuia
vat liéu v6i cdc bic xa phat ¢ dai tan bang X tir
8 dén 12 GHz chi ra rang hiéu luc chin song
dién tir ctia né tang theo su ting tn s6 cua dai
va ham luong O-MWCNTs, diéu nay dong
nghia véi su tang hé s hap thu cta né. Khi tang
ham lugng O-MWCNTSs hiéu luc chan song dién
tlr ctia vat liéu tang theo va né c6 thé dat gid tri
cao nhit v6i khoang 5% O-MWCNTs (cu thé
dat dén trén 10 dB do6i véi céc bic xa ¢6 tan sO
11GHz — hinh 4). Sau d6 viéc ti€p tuc tang ham
lugng O-MWCNTSs c6 thé 1am 1am &nh hudng
dén tinh lién tuc cta pha polyme nén, pha vo
céu trdc bén viing cla vat lieu va dan dén lam
giam sut tinh chan song dién tir cia n6.

Hoan toan tuong tu nhu trén, hé s6 hap thu
séng dién tr cha vat liéu nanocompozit
epoxy/O-MWCNTs tinh dugc thong qua cong
sudt phat va cong sudt thu dugc trén may HP
8270D (biéu thic 3) c6 cac gia tri xdp xi 0,9 doi
vGi cédc biic xa tai tdn s6 11 va 12 GHz khi ham
lugng O-MWCNTSs trong hén hop 1a 5% theo
khoi lugng (hinh 5). Tinh chat hap thu cta vat
liéu cling bi giam st khi dua du lugng chét don
O-MWCNTSs vao trong hon hop vi diéu nay ¢6
thé 1am mat tinh lién tuc ctia pha nén epoxy.

Vat liéu cang day hiéu luc chin séng dién tir
cang cao. DOi v6i cdc mau vat liéu
nanocompozit ham luong O-MWCNTs 5% cé
do day (r) 1 cm duoc coi 1a cac vat liéu hap thu
song dién tir (RAM) 1y tudng. Khi d6 hiéu luc
chan trung binh cdc bitc xa & dai tan tir 8 - 12
GHz (hinh 6) dat trén 10 decibel va hé s6 hdp
thu séng dién tur trung binh 16n hon 0,9 (hinh 7),
diéu nay c6 nghia la vat liéu da hap thu dén trén
90% cac buc xa ¢ dai tan bang X tir 8-12GHz.

SE, dB

Tan so, GHz

10 11 12

Hinh 4: Anh hudng ctia ham lugng CNTs dén hiéu luc chin séng dién tir ciia vat liéu nanocompozit
epoxy/CNTs; Trong do: ¢ - 1% O-MWCNTs, A - 3% O-MWCNTs, [1 - 5% O-MWCNTs, x - 6%
MWCNTs, * -8% MWCNTs
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Hinh 5: Anh hudng ctia ham luong CNTs dén he s6 hap thu séng dién tir chia vat liéu nanocompozit
epoxy/CNTs; Trong do: ¢ - 1% O-MWCNTs, A - 3% O-MWCNTs, [ - 5% O-MWCNTs,
x - 6% MWCNTs, * - 8% MWCNTs
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Hinh 6: Anh hudng ctia do day cta vat liéu nanocompozit epoxy/CNTs dén hiéu luc chin séng dién
tlr ciia chung; Trong d6 do day cta cac mau: ¢ -0,02cm, A-0,2 cm,[1-0,3 cm, x-0,5 cm,

*_1cm
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0,7

tan sb, GHz

10 11 12

Hinh 7: Anh hudng ctia do day cta vat liéu nanocompozit epoxy/CNTs dén hé s6 hap thu séng dién
tr cia ching; Trong d6 do day cta cac mau: ¢ - 0,02 cm, A -0,2 cm, [1-0,3 cm,
x-0,5cm, *-1cm

IV - KET LUAN

Bang phuong phdp bién tinh héa hoc, gan
cdc nhom cacboxylic (-COOH) 1én trén thanh
ong MWCNTSs gitp cho chiing twong hop va
phan tdn t6t hon trong nhua nén epoxy. Anh
SEM ctia vat liéu nanocompozit epoxy/CNTs
ché tao dugc cho thay cdac 6ng cacbon phan bo
roi rac khong bi tap hop lai. Nghién citu cau tric
ciia vat liéu nanocompozit trén co s& nhua
Epoxy/O-MWCNTs cho thdy trén nén polyme
xuét hién céc hinh 6ng c6 chiéu dai khoang 100
- 300 nm vGi do sang tuong doi rd, mot s6 doan
khic ngdn hon 1a do qud trinh oxi hda
MWCNTs bang hén hgp axit manh da lam dit
gy cdc ong. Cau tric cua vat liéu nanocompozit
Epoxy v6i MWCNTs chua bién tinh qua anh
SEM khong cho thdy hinh anh cic 6ng
MWCNTs, 6 rang la ching bi tap hop lai.

Nghién ctu anh hudng cta ham lugng O-
MWCNTs va do day cua vat liéu dén tinh chat
hép thu séng dién tir & dai tdn bang X (8 - 12
GHz) cho thdy hiéu luc chén séng dién tir cuia
n6 tang theo su tang tan so cua dai va ham luong
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O-MWCNTs. V6i miu c¢6 ham lugng O-
MWCNTs khoang 5%, do day 1 cm hiéu luc
chén séng dién tir trung binh dat trén 10 dB va
hé s6 hdp thu séng dién tir trung binh 16n hon
0,9 nghia 1a vat liéu c6 thé hip thu dén trén 90%
song rada dai tan bang X.

Su tang ham luong O-MWCNTs khong hoan
toan dong nghia vGi taing hé s6 hap thu séng
dién tr cua vat lieu. Khi tang ham lugng O-
MWCNTs hé s6 hdp thu séng dién tir cua vat
liéu ciing tang theo nhung chi dén mot mic do
nhit dinh (cu thé dat céc gid tri cao nhat véi
khoang 5% O-MWCTs) sau d6 bat dau giam.
Viéc ti€p tuc tang ham lugng O-MWCNTSs ¢6
thé 1am &nh hudng dén tinh lién tuc cla pha
polyme nén va phé v cau tric bén viing ctia vat
liéu dan dén lam giam st tinh hap thu séng dién
tlr clia no.

Loi cam on: Cdc tdc gid xin chdn thanh cam on
B¢ Khoa hoc va Cong nghé Viét Nam da tai tro
kinh phi dé hoan thanh céng trinh nghién ciiu
nay qua dé tai nghién ciiu co ban trong khoa
hoc tw nhién, md s6'5 084 06.
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