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Tom tat

Nghién ctru toi wu héa kha ning hap thy nang lugng song dién tir trong cac vat liéu to hop dién moi - tir dang dugc
quan tam nhiéu trong nhirg nam vira qua. Trong bao c4o nay, chlng t6i trinh bay mot sb két qua nghién ctru ban
dau v& mo phong, tinh toan dé xac dinh do day t6i vu cho mot s vat liéu t6 hop c6 cau trdc nano khéc nhau.
Chuong trinh tinh dugc xay dyung trén co sé c&c biéu thirc tinh toan va cac phuong trinh lién quan dén déc trung
hip thu song dién tir cua hé vat lidu td hop va phan mém lap trinh Matlab. Cac thong sé vé hang sb dién moi, do
tir thAm cua cac vat liéu va tan sé/budc song can hip thu ciing s& duoc sir dung. Viéc md phong da duoc tinh toan
cho 3 hé vat liéu to hop gébm cac hat nano CoFe,0,, ZnFe,0,, Zn,sCogsFe,0,4 Vai chat nén polymer Cellwax plus
V6i ti 18 pha tron 1a 50% vé thé tich. Két qua cho thiy céc vat kiéu td hop trén s& hip thu tdi wu voi cac chidu day
2,5; 2,75 v 4 2 mm tuong tng. Bén canh d6, phan mén véi giao dién than thién va tién ich con c6 thé phat trién
thém dé ung dung trong nghién ciru va san xuét vat liéu hap thy ning luong song dién tir nham phuc vu cac linh
vuc y-sinh hoc, bao vé méi truong va khoa hoc ky thuat quan sy.

Ttr khoa: Vat lidu t6 hop, cAu tric nano, hip thu song dién tir.

GIG1 THIEU dién tir s& xuat hién hién tuong dot néng dién
: mdi (ton hao dién méi), dét ndng tir (t6n hao tir)
Trong nhimg ndm gin day, cung voi sy phat  do cac dipole ludng cuc dién va cac momen spin
trién manh m& va khong ngung cua nganh cong ~ bi phan cuc & tan so cao hay su chuyén doi ning
nghé nano, cac loai vat liéu td hop cdu tric nano ~ lwong cua dong Foucault thanh nhiét néng (ton
(nanocomposite) trén co so sy pha tron cua  hao Xody) vi vy nang luong song dién tir duoc
graphit véi nhya téng hop hay céc polyme din  hap thu va chuyén hoa sinh nhiét [2].
dién nhu polyanilin, polypyrol, paraffin... da va
dang nhan dwoc sy quan tdm nghién cau cua rat
nhiéu nha khoa hoc trong ciing nhu ngoai nudc.
Véi nhitng uu diém dac biét nhu kha ning hap
thu 16n hon 90% nang luong song dién tir trong
dai tan rong tir 2 — 18 GHz , chéng chiu tét cac
td&c nhan anh huong cua moéi truong, do day
mong chi ¢& vai mini mét, trong luong nhe, do
ben co hoc cao... thi vt licu ndy da duoc nghién 5" b ik toan dé xde dinh do day ti wu
chu sau rong va c6 nhieu tng dung trong Ky op "3 e yat lisu t6 hop gom cac hat nano
th,\u%t hang khong, h~ang Pal’ \{\Ien thong' thong tin COFezo4, ZnFe204, Znoy5C0015Fezo4 VoI Ché(lt nén
V& tinh, khoa hoc ky thuat quan sy... [1-4]. polymer Cellwax plus véi ti 1& pha tron 1a 50%
vé thé tich qua do6 tim ra d6 day tdi wu cho ting
vat liéu nay dé c6 thé giam bét trong lwong, cho
kha niang hap thu niang lugng song dién tir tot
nhat, gilp tiét kiém dang ké thoi gian ciing nhu
chi phi nghién cau, san xuat vat ligu hap thu
nang luong song dién tir. Ngoai ra, mét giao dién
md phong than thién, don gian va dé sir dung
thiét ké rat tién loi cho nguoi dung ciing s& dugc
chang t6i gidi thiéu.

Céc tinh nang k¥ thuat caa vat lidu to hop va chi
tiéu chat luong hip thu ning luong song dién tir
thé hién qua hé sé phan hoi (Reflection loss-RL)
phu thudéc vao nhiéu yéu té nhu: hang sb dién
mdi, do tir tham, tan sb song t6i ciing nhu 1a
chiéu day I6p hap thy.

Bai bao nay trinh bay mot s6 két qua nghién ciru

Trén thyc té, song dién tir déu bi hap thu ning
lwong boi bat ky mot loai vay liéu nao khi séng
truyén qua ching. Cac vat liéu hap thu ning
luong séng dién tir it hodc nhiéu tiy theo co ché
hap thu khac nhau va con phu thudc vao dic tinh
cua ting vat lidu. Do vai vat lidu t hop cAu tric
nano dugc thiét ké dua trén 3 co ché hap thu co
ban dé 1a; tén hao dién mdi, tén hao tir va ton
hao xody. Khi dat vat liéu trong méi truong song
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THUC NGHIEM

Chuong trinh code mo6 phong dugc xay dung dya
trén nhiing biéu thirc tinh toan va phuong trinh
lién quan dén dic trung hap thu ning luong séng
dién tir ctia hé vat liéu t6 hop cau trdc nano dugc
viét dudi ngdn ngit 1ap trinh Matlab.

Pé xac dinh kha ning hap thu ning luong séng
dién tir ciia vat liéu nao d6 chiing ta phai xét dén
hé sé hip thu song dién tir cua vat liéu dy va
dugc cho bai cong thic [2, 4].

z Zul
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Trong d6: Z 1a tré kh&ng ndi tai cua vat ligu, Z,

1a tro kh&ng ndi tai cua khdng gian tu do, 7 la

gia tri dédc trung cia moi truong toi (moi truong

t6i bat ky hodc khong khi). Con &} . &), u).p, "

va d tuong tng lan luot 12 phan thuc, phan ao

cua hang sé dién méi, do tr tham va do day

cua vat liéu.

Tur nhitng biéu thirc tinh toan va phuong trinh

trén két hop sir dung ngdn ngir 1ap trinh Matlab

ta ¢ thé c6 mot chuong trinh code md phong

tinh toan kha nang hap thu ndng luong song

dién tir cua vat liéu té hop ciu triic nano nhur

hinh 1.

Matlab té ra wu viét khi cling c6 cac cong cu hd
tro viec thiét ké vé ky thuat bang thu vién Guide
thuan tién. Hinh 2 Ia mot giao dién md phoéng
dugc chang toi thiét ké mot cach hét sac don
gian va dé nhin.

Hinh 1: Chwong trinh code mé phéng #ng Vvoi
cong thire da xay dwng.

Thiét ké mot biéu do 16n tai trung tam giao dién
giup nguoi dung c6 thé quan sat truc quan ket
qua ghi nhan mot cach rd rang nhat. Nguoi dung
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chi viéc nhap thdng s dau vao nhu do day can
khao sat & 6 “Thickness™, tich chon mot trong 5
mau trong phan “COLOR” dé chon mau cho db
thi hay lya chon hién thi duong luéi khi kich
chon “Grid”. Va cudi cing 1a cac nit “Start” va
“Close” dé vé& d6 thi hay dong lai chuong trinh
c6 kém theo loi nhic nh.

1 TICLRA

THE FROGRAM TO SIULATE ELECTROUAGNETIC WAVE ASSCRFTON
DEFENDS ON THE THICKNESS OF THE MANOSTRUCTURE MATERIAL
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Hinh 2: Thiét ké giao di¢n chwong trinh mé phéng.

KET QUA VA THAO LUAN

Dé chay chuong trinh mé phong ta phai cung cap
mot bo 5 thdng sO dau vao quan trong do la
(f, Er,sr , ,ur,ur”) tan s kich thich, phan thuc,
phan 4o ciia hang sé dién moéi va do tir tham cua
vat liéu.
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Hinh 3: Pp thong s6 diu vao cia miu
Zn0,5C00,5FeZO4.

Chuong trinh mé phong nay, chung tdi st dung
bo 5 nay cua 3 hé vat liéu to hop gom cac hat
nano CoFe,O4 ZnFe,04 ZngsCogsFe,04 Voi
chat nén polymer Cellwax plus Vvéi ti 1& pha tron
1a 50% duogc ché tao bai phuong phap tron hop
néng chay, thuc hi¢n nghién ctru va ché tao boi
nhém nghién ctiru: Bong Qudc Viét va cong su
tai Truong Pai hoc Chungnam, Han Quéc vao
thang 7 nam 2016. B9 5 théng sb cua hé vat lidu
Zno5CopsFe,04 duoc thé hién nhu hinh 3.

Khoang khao sat 1a lién tuc nhung chung t6i chi
trinh bay ¢ day nhting ghi nhan tai cac do day
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xac dinh lan luot 1a: 1,5; 2; 2,25; 2,5; 2,75; 3 va
3,25 mm. Két qua khi chay chuong trinh mb
phong kha ning hap thu nang lugng song dién tir
cia 3 hé mau da cho phuy thudc vao do day dugc
thé hién qua cac hinh 4,5 va 6.
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Hinh 4: Kha niing hap thu séng dién tir caa
Zny5sC0ogsFe,0, o cac dd day khac nhau
trong dai tan (2-18 GHz).
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Hinh 5: Kha ning hap thu séng dién tir caa
CoFe, 0,6 céc‘d@ day khéc nhau
trong dai tan (2-18 GHz).

Véi mau vat liéu ZngsCogsFe,0, (hinh 4), tai dai
tan s6 quét thap tir 2-10 GHz, khi ting do day
ciia mau tir 1,5 mm dén 3,25 mm thi céc gia tri
RL tuong Gng giam dan trong khoang tir 0 dB
dén -5 dB thé hién sy hap thu ning luong song
dién tir tot khi ting d6 day nhung gié tri hap thu
nay dat & mac thip.Tai dai tin s6 kich thich cao
hon, 10 - 18 GHz thi di c¢6 sy hap thy ning
luong song dién tir Ion khi thay d6i do day mau.
Cac mau vat liéu c6 do day nho hon 1,5 mm su
hip thu song dién tir con thip chi dat -7,98 dB
nhung tai gia tri ¢ day d = 2 mm, kha ning hap
thu I&n téi hon 99,9 % nang lugng song dién tir,
gia tri t6t nhat duoc ghi nhan -30,93 dB & tan sé
kich thich f= 13,8 GHz. Mdi quan h¢ giira hé s6
mat phan xa (hé s6 hap thu) va nang luong héap
thu duoc cho bai bang 1.
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Hinh 6: Kha ning hip thu séng dién tir ciia
ZnFe;0, & cac d§ day khac nhau
trong dai tan (2-18 GHz).

Béing 1: Méi quan h¢ giira h¢ sé mit phén xa va
ning lwgng hap thu [5].

Hé s6 mat phan xa  Ning lwgng hip thu

(dB) (%0)
0 0
-3 50

-10 90

-15 96,9

-20 99

-30 99,9

-40 99,99

Tiép tuc ting d6 day thi kha ning hap thy ning
luwong séng dign tir cua ZngsCogsFe,04 da giam
xudng mot chit nhung hé s6 hap thu van & mic
cao. Kha ning hap thu dat t6i 99% tai d6 day d =
2,25 mm tai tan s kich thich 14,08 GHz gia tri
thu duwoc la -30,13 dB va tai d = 2,75 mm ung
v6i tan sb kich thich 15,2 GHz thi gia tri hé so
hap thy van dat -29,08 dB. Khi chiéu day ting t6i
d = 3,25 mm thi kha ning hap thu giam han chi
dat -12,85 dB tai tan s f = 15,28 GHz. Vay do
day t6i wu cho vat liéu ZnesCogsFe,04 cho kha
nang hap thu ning luong song dién tir tot nhat 1a
d=2mm.

Tuwong tw tng véi hai vat liéu con lai ta cling xac
dinh duoc do day téi wu khi st dung phan mém
mo phong. Di vai vat liéu CoFe,0, (hinh 5) gia
tri tot nhat thu dugc 1a -7,70 dB tai f = 15,04
GHz ting véi d6 day téi wu d = 2,5 mm hap thy
thAp hon 90 % nang luwong. CONn vat lidu
ZnFe,0O, (hinh 6) ¢6 d6 day téi vu d = 2,75 mm
v6i kha ning hap thu ning lugng séng dién tir
I6n hon 99,9 % khi c6 hé sé hap thu -31,02 dB
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tai tan sb f = 13,80 GHz. Day ciing dugc xem la
vt lidu c6 kha nang hap thu tot nhat trong 3 mau
thir nghiém sau do t6i ZnysCogsFe;0, Va cudi
cung la CoFe,0O,,

Két qua giao dién chuong trinh mé phong ciing
duoc ching t6i trinh bay dudi day hinh 7- 9.

s w0 s a3
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E PROGRAM TO SMULATE ELECTROMAGNETIC WAVE ABSORPTION
TDEPENDS OM THE TWCHNESS OF THE NAMOSTRUCTURE. MATERAL
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Hinh 7: Giao dién chwong trinh mé phéng thir
nghiém véi ZnysCoq sFe,04 ¢ dd day d=1,5mm.

uuuuuuuuuuuuuu
THE PROGRAM TO SIMULATE ELECTROMAGNETIC WAVE ABSORFTION
DEPENDS ON THE THICKNESS OF THE NANOSTRUCTURE MATERIAL

Hinh 8: Giao dién chwong trinh mé phéng thir
nghiém véi ZnysCogsFe,04 ¢ dd day d = 2,25mm.

mmmmmmmmmmmmmm THE PROGRAM TO SIMULATE ELE
DEPEMD:

CTROMAGNETIC
5ON THE TACKNESS F THE ANGSTRUCTURE. HATERAL

Hinh 9: Giao dién chwong trinh mé phéng thir
nghiém véi ZnysCogsFe,04 ¢ dd day d = 4mm.

Sau khi c6 by 5 théng s6 dau vao cho chuong
trinh, nguoi ding chi can nhap do day khao sét,
tich chon mau db thi hozc hién thi ludi phan chia
va chay chuong trinh ta s& thu dugce duong biéu
thi kha nang hap thu ning luong séng dién tir cua
mau vat liéu trong dai tan s 2-18 GHz.
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KET LUAN

Bai bao di trinh bay két qua nghién ctru ban dau
su dung cac cong thue tinh toan va phuong trinh
vat 1y dic trung cho sy phan xa va phan mém
Matlab, @ md phong va tinh toan cho 3 hé vat
liéu t6 hop gdm cac hat nano CoFe,0,, ZnFe,0,,
ZnosCogsFe,04 Vi chit nén polymer Cellwax
plus vai ti 1& pha tron 1a 50% vé thé tich. Theo
do, cac vat kiéu t6 hop trén sé hap thu nang
lwong song dién tir téi wu vai cac chiéu day lan
lugt tuwong ung la 2,5; 2,75 va 2 mm. Két qua
nay sé tao tién dé cho cac nghién ciru mé phong
tiép theo véi cac loai vat lidu té hop cau tric
nano khac nira nham rat nhan thoi gian nghién
ctru, san xuat vat liéu to hop cau tric nano hap
thu ning luong song dién tir, tiét kiém dang ké
chi phi nghién ctu.
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