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DANH MUC BANG BIEU

Bang 1. Cac tham sb dic trung cua cac 16p hap thu
Laog,7Sr,sMn1TixOs/paraffin véi x = 0; 0,1.
Bang 2.Kich thuéc hat tinh thé trung binh éa miu bt Fe theo céac th gian nghén khac nhau.

Bang 3. Gia ti do tir hoa bdo hoaia cac miu Fe theo thi gian nghén khac nhau

Bang 4. Gia ti do tir hoa bdo hoaia cac mu Fe theo thi gian hio quin trong khdng khi.

Bang 5. Gié tri ftinh toan theo md hinh ly théiyva quan sat trc nghém cia tit ca cac mu co ¥
1& khdi lwong khac nhau

Béng 6. Tong hop cac tham sé dic trung hap thy séng vi ba
cho cac 16p hap thu (100-x)Lay sSto sNiO4/XLao 7St 3MNO3

Bang 7. Cac thamdsdic trung cua tt ci cac niu (100-x)Fe/xLSNO
VoI X =3; 6;9; 12%.

DANH MUC CAC CHU VIET TAT

MAM Vit lidu hap thu séng vi ba (Microwave Absorbing Material)
Ms Tu d6 bao hoa

EDX Phd tan sic ning lugng tia X

RAM Vit lidu hap thu séng radar (Radar Absorbing Material)

RL D6 ton hao phan xa (Reflection Loss)

SEM Anh hién vi dién tir quét

VSM Phuong phép tir ké mau rung

XRD Phuong phap nhiéu xa tia X

Z Trdé khang (Impedance)



PAI HOC THAINGUYEN

Pon vi: Trwong Pai hoc Khoa hgc

THONG TIN KET QUA NGHIEN CUU

1. Thong tin chung:

- Tén dé tai:

Ché tao va nghién civu khd nang hdp thy séng vi ba ciia hé hat Lao 750 3MN1.<TixOs.
- Mi sb: PH2015-TNO06-10.

- Cht nhi¢m dé tai: ThS. Chu Thi Anh Xuan.

- T4 chirc chu tri: Truong Pai hoc Khoa hoc — Pai hoc Thai Nguyén.

- Thoi gian thuc hién: 24 thang (1/2015- 12/2016).

- Ché tao thanh cong cac hé hat nano st tir va vat liéu nano to hop dua trén nén hé hat nano
sat ti.

- Nghién ctru cac tinh chat co ban ctia cac vat liéu thu dugc.

- Khao st tinh chat hép thu séng vi ba cua cac hé hat nano kim loai st tr va hé hat nano t6
hop sit tir/dién moi. Xac dinh méi tuong quan giira cac thong sb hip thu (viing tan s6 hip thu cong
hudng, do rong ving hap thu, cudng do hap thu) véi cac thong sb vat 1y co ban cua vat lidu (nhu
cAu trac, thanh phﬁn, néng d9, kich thudc, cac tham sd vé tinh chit dién va tur).

3. Tinh méi va sang tao:

- Ché tao vat liéu nano dang bot voi khdi luong 10n bang phwong phap nghién co ning lugng
cao st dung may nghién hanh tinh.

- Tap trung nghién ctru cac dic trung co ban va tinh chét ha‘ip thu séng vi ba cua vat liéu nano
sat tir Lag 7ShaMn1xTixOs (véi x = 0; 0,1), vat liéu nano kim loai Fe va vat liéu nano to hop sat
tu/dién moi thong qua phép do phan xa va truyén qua séng vi ba trong viing tan so tir 4-18 GHz. Da
khdo sat va chi ra rang hiéu ing cong huong pht hop tré khang duge quan sat thay trong cac mau
Lao 7Sto,aMn1xTixOs/paraffin & ving tan s6 cao. Tuy nhién, hiéu tng nay khong dwoc quan sat rd
rang trong ving tan s cao tir 14-16 GHz cho céc 16p hap thu Fe/paraffin khong c6 dé kim loai (trir
mau c6 d =3 mm var = 4/1). Thay vao do, cac mau c6 dé kim loai da cho th?iy su ton tai cua hiéu
g cong huéng phtt hop pha véi gia tri rat thap cia RL dugc quan sat tai tin s6 cong huong (5.6
GHz) xubng dén dudi -56 dB cho cac 16p hap thu Fe/paraffin cor=4,5/1,d=3mmvar=4/1,d=
1,5 mm.

- P nghién ciru anh hudng cta dé kim loai 1én cac co ché hip thy cong huong va chimg to
trong khi ca hai hiéu ting cong hudng déu co thé dugc quan sat trong cac mau co dé kim loai thi
hiéu tng cong huong phit hop pha khong duge thé hién trong cic mau khong co dé kim loai. Quan
sat ndy ciing ¢6 thé dugc sir dung nhu mot phuong phap don gian dé phéan biét hai hi¢u mg cong
huodng nay.

4. Két qua nghién ctru:



- Pi ché tao thanh cong cic hé hat nano sat tir Lag 7Sl aMn1TixOs (véi x = 0; 0,1) va kim
loai Fe bang phuong phap nghién co ninng lugng cao sir dung may nghién hanh tinh.

- Pa khdo sat anh hudng ciia nong do thay thé Ti cho Mn 1én tinh chat tir ctia hé hat nano
Lao,7Sfo,aMN1xTixOs. Qua d6 thay rang tinh chat tir tinh ciia vat liéu giam manh theo x.

- Pi khao sat anh huong cua thoi gian nghién 1én cdu trac va tinh chét tir cia bot nano kim
loai Fe. Qua d6 thiy ring thoi gian nghién c6 anh huéng manh dén kich thude hat ciing nhur tir tinh
clia vat liéu. Tuy nhién, nghién ctru ciing cho thy thoi gian nghién bot Fe nguyén liéu ban dau
trong 10h 1a phtt hop nhét cho cac nghién ciru tinh chat hap thy song vi ba tiép theo.

- Pi khao sat tinh chat hap thu song vi ba ctia cac 16p hip thu Lao 7St sMny«TixOs/paraffin,
Felparaffin, (100-x)Febay sSto sNiO4 va (100-x).as 5Sh,sNiOa/XLag 7St aMnOs thong qua phép do
phan xa va truyén qua song vi ba trong dai tin sd tir 4 — 18 GHz. Ban chat vat 1y cta cac hiéu img
va kha nang héip thu cua vat liéu duoc nghién ciru va giai thich.

5. San phim:

5.1. Sin phim khoa hoc: C6 01 bai bao ding trén tap chi Khoa hoc Quéc té (ISI), 01 bai
bao dang trén tap chi Khoa hoc cdp Qudc gia va 04 bai bao dang trén tap chi Khoa hoc cip Dai
hoc.

1. Chu Thi Anh Xuan, Ta Ngoc Bach, 5 Hung Manh, Ngé Thi Hong Lé, Nguyén Xuan Phuc va
Dao Nguyén Hoai Nam (2016), “Tinh chét hap thu song dién tir ciia hé hat nano kim loai Fe
trong vung tan sb vi ba”, Tap chi Khoa hoc Pai hoc Sw pham 2, ISSN 1859-2325(44), tr. 16-
23.

2. Chu Thi Anh Xuén, Ta Ngoc Bach, B Hung Manh, Ngo Thi Héng Lé, Nguyén Xuan Phiic va
Dao Nguyén Hoai Nam (2016), “Ché tao va nghién ciru tinh chat hap thu song Viba cta to
hop hat nano (100-x)Lay 5Sr sNiO4/XNiFeOs”, Tap chi Khoa hoc Cong nghé Pai hoc Thai
Nguyén, ISSN 1859-2171(157), tr. 177-181.

3. Chu Thi Anh Xuan, Pham Truong Tho, Nguyen Van Pang (2017), “Crystal structures and
magnetic properties of Bidao1d~e.9sTi0.0203 polycrystalline ceramic”, Tap chi Khoa hoc
Cong nghé Dai hoc Thai Nguyén, ISSN 1859-2171(169), tr. 165-169.

4. Ta Ngoc Bach, Chu Thi Anh Xuan, Do Hung Manh, Ngo Thi Hong Le, Nguyen Xuan Phuc and
Dao Nguyen Hoai Nam, Microwave absorption properties aE®i@asNiO«/ Lao 7St aMNnOs
nanocomposite with and without metal backing, Journal of Science of HNUE-Maiteimat
and Physical Sci., ISSN 2354-1059 (2016), Vol 61§p),128-137.

5. Chu T.A. Xuan and Ta N. Bach, Ngo T.H. Le, Do H. Manh, Nguyen X. Phuc, and Dao N.H.
Nam (2016), “Microwave absorption properties of iron nanoparticles prepared by ball-
milling”, Journal of Electronic Materials, Vol. 45(5), DOI: 10.1007/s11664-015-4248-9.

6. Chu Thi Anh Xuan, Ta Ngoc Bach, Tran Dang Thanh, Ngo Thi Hong Le, Do Hung Manh,
Nguyen Xuan Phuc, Dao Nguyen Hoai Nam (2016), “High-energy ball milling preparation
of Lao.7Sr.aMnOs and (Co,Ni)FgOs nanoparticles for microwave absorption applications”,
Vietham Journal of Chemistry, International Edition, 54(6), pp. 704-709,. DO
10.15625/0866-7144.2016-00391.

5.2. Sin pham dao tao:
* C6 02 dé tai NCKH sinh vién:

1. Lé Thi Binh (2015), “Sy twong tac ctia song dién tir voi moi trudng vat chat”, Sink vién lop CN
Vat ly K10, Khoa Vit ly va Cong nghé - Truong PHKH.



2. Diép Thi Ninh (2016), “Khao sat kha nang hép thu song vi ba cua h¢ hat nano kim loai Fe theo
do day tAm hép thu”, Sinh vién lop CN Vat Iy K11, Khoa Vat Iy va Cong nghé - Truong
DHKH.

6. Phuong thirc chuyén giao, dia chi ing dung, tic dong va loi ich mang lai ciia két qua
nghién ctru:

- Vé gido duc & dao tao: D8 tai da tryc tiép t6 chirc cho cac thanh vién va sinh vién tham gia
thue hién cac ndi dung ctia d8 tai. Nang cao ning luc nghién ciru cta cht nhiém dé tai va cac thanh
vién tham gia.

- Vé kinh té - xa hoi: Két qua ctia dé tai c6 ¥ nghia dinh hudéng tmg dung trong nghién ciru co
ban vé vat liéu c6 kha nang hép thu manh séng dién tir trong ving tan sb song vi ba dinh hudng cho
cac ung dung trong cong nghiép dién tir, qubc phong va an ninh.

Nodying nam 2018

T chirc chii tri Chii nhi¢m dé tai
(ky, ho va tén, déng dau) (ky, ho va tén)

ThS. Chu Thi Anh Xuén



TNU — UNIVERSITY OF SCIENCE

INFORMATION ON RESEARCH RESULTS

1. General information:

- Project title: Preparation and study of microwave absorption capability of ndictgsa
Lao, 7Sro,aMn1TixOs.

Code numbedH2015-TN06-10

Coordinator Master Chu Thi Anh Xuan

Implementing institution: TNU - University of Science.
Duration: 24 months (from 1/2015 to 12/2016).

2. Objective(s):

- Synthesis the ferromagnetic nanoparticles, iron nanoparticles and ferromagoasied-
composites.

- Characteration the physical properties of prepared samples by X-ray diffrasstanning
electron microscope, electron dispersive X-ray spectroscopy and vibrating sample magnetometer.

- Investigation the microwave apsorptionlah ;S aMn14TixOs (X = 0; 0,1) nanopatrticles,
iron nanoparticles and ferromagnetic/dielectric nanocomposites. Study the correlatieenbts
absorbtion parameters (frequency regions of the resonance absorption, band widéhbsbithieg
frequency ranges, intensity of absorbance peaks) with the basic physical chacscirithte
materials (structure, composition, concentration, size, parameters of electrical agnetim
properties).

3. Creativeness and innovativeness:
- Using high-energy planetary ball milling to prepare large among of sample.

- The relation of physical properties and microwave absorption propertles £81o,sMn.
«TixOs (with x = 0; 0,1) nanoparticles, iron nanoparticles and ferromagnetic/dielectric
nanocomposites have been revealed through the transmission/reflection measuremertein a wi
range frequency of 4-18 GHz. The impedance matching resonaheg81 Mn..TixOs/paraffin
was observed at high frequency However, the impedance matching resonance was not clearly
observed at high frequency region from 14 to 16 GHz for metal unbacked Fe/paapéia |
(except for samples with d = 3 mm and r = 4/1). On the other hand, metal backdessaith r =
45/1,d=3 mmand r =4/1, d = 1.5 mm showed the existence of a phase-matching resonance
with small value of RL down to -56 dB at resonant frequency 5.4 GHz.

- We have studied the influence of metal backing on resonance absorption mechanisms and
verified that the resonance effects can be observed in metal backed samples, thbegpbase
matching effect cannot be detected in unbacked samples. This observation could be used as a
method to effectively distinguish these matching effects.

4. Research results:

- SynthesisLag 7St Mn1xTixO3 (with x = 0; 0,1) nanoparticles, iron nanoparticles and
ferromagnetic-based composites.



Vi

- The influence of Ti substitutions for Mn on the magnetic properties of La0.7Sr0.3Mn1-
XTixO3 nanoparticles was investigated. It was found that the magnetic properties roaterial
decreased strongly when x increase.

- The effect of grinding time on the crystal structure and magnetpepies of Fe
nanoparticles have been investigated. It was found that the grinding tinstraragy influence on
the particle size as well as on the magnetic properties of samples. Tlwsvawierabsorption
showed the best performance for 10h of milling time for Fe powder.

- Investigation the microwave absorption properties of the absorption lBg&€1Sr,sMn1-
«TixOs/paraffin, Fe/paraffin, (100-x)FelasSiosNiOs and (100-X)as sSto,sNiO4/XLap 7S1h,aMN0O3
through the transmissions and reflections measurements in the frequency rangedrb@GHz.
The relation of the absorption capability and the physical properties of esamapke been
investigated.

5. Products:
5.1. Science Products:

1. Ta Ngoc Bach, Chu Thi Anh Xuan, Do Hung Manh, Ngo Thi Hong Le, Nguyen Xuan Phuc and

Dao Nguyen Hoai Nam, Microwave absorption properties ak31asNiO4/Lag 7St sMNOs
nanocomposite with and without metal backing, Journal of Science of HNUE-Maiteimat
and Physical Sci., ISSN 2354-1059 (2016), Vol 61(7), pp. 128-137.

2. Chu Thi Anh Xuan, Ta Ngoc Bl Po Hung Manh, Ngo Thi Hong Le, Nguyen Xuan Phuc va
Pao Nguyen Hoai Nam (2016), “Fabrication and study on microwave absorption properties
of (100-x)La sSr sNiO4s xNiFeO4 nanocomposite”, Journal of Science and Technology of
Thai Nguyen University, ISSN 1859-2171(157), pp. 177-181.

3. Chu Thi Anh Xuan, Pham Truong Tho, Nguyen Van Pang (2017), “Crystal structures and
magnetic properties of Bddao.16~.0sTi0.0203 polycrystalline ceramic”, Journal of Science
and Technology of Thai Nguyen University, ISSN 1859-2171(169), pp. 165-169.

4. Chu Thi Anh Xuan, Télgoc Bach, bo Hung Manh, Ngda'hi Hong Le, Nguyen Xuan Phuc va
bao Nguyen Hoai Nam (2016);Electromahnetic wave absorption properties of Fe
nanoparticles in the range of microwave frequericidsurnal of Science of HPU2, ISSN
1859-2325(44)pp. 16-23.

5. Chu T.A. Xuan and Ta N. Bach, Ngo T.H. Le, Do H. Manh, Nguyen X. Phuc, and Dao N.H.

Nam (2016), “Microwave absorption properties of iron nanoparticles prepared by ball-
milling”, Journal of Electronic Materials, Vol. 45(5), DOI: 10.1007/s11664-015-4248-9.

. Chu Thi Anh Xuan, Ta Ngoc Bach, Tran Dang Thanh, Ngo Thi Hong Le, Do Hung Manh,
Nguyen Xuan Phuc, Dao Nguyen Hoai Nam (2016), “High-energy ball milling preparation

of Lao.7Sro.aMnOs and (Co,Ni)FgOs nanoparticles for microwave absorption applications”,
Vietham Journal of Chemistry, International Edition, 54(6), pp. 704-709,. DO
10.15625/0866-7144.2016-00391.

5.2. Product Training:
* 02 Student research projects:

. Le Thi Binh (2015), “Interaction of Electromagnetic wave with Materials”, Physical student
Department of Physics and Technology, Thai Nguyen University of Sciences.

. Diep Thi Ninh (2016), “Investigation of Microwave absorption capability of Fe nanoparticles
with different thickness odbsorbtion layers”, Department of Physics and Technology, Thai
Nguyen University of Sciences.
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6. Transfer alternatives, application institutions, impacts and benefits of resednc
results:

- Education and Training: The study has directly organized for members and student
involved in the implementation of the contents of the subject. It helps propgagriand the
participants to advance the capacity in study.

- Economy and Society: The results of this project have significanhtatiens for
application in the fundamental research of the materials which is capable dfimdpssirongly
oriented to the applications in the electronics industry, defense and sensor technology.

Thai Nguyen, April, 2018

Implementing institution Coordinator

Master. Chu Thi Anh Xuan



MO DAU

Trong nhitng nim gan day, viéc ing dung song dién tir trong dai tan s GHz da va dang tro
nén phd bién do nhu ciu phat trién ngay cang cao ciia cc thiét bi dién tir trén cac phuong tién quan
su va vién thong. Cung v6i d6 van dé giam thiéu anh hudng cia séng dién tir dang trd nén cip thiét
hon bao gio hét. Vi véy, vat liéu che chin va hap thu séng dién tir d3 va dang thu hiit dugc sy quan
tam cua nhiéu nhém nghién ciru trén ca hai linh vic khoa hoc co ban va cong nghé. Trong d6, vat
liéu hap thu séng vi ba (Microwave Absorption Materials - MAM) va vat liéu hap thu séng radar
(Radar Absorption MaterialsRAM) dugc dic biét quan tim va dau tu nghién ciru véi cac tng
dung da dang va hiéu qua trong nhiéu linh vuc khoa hoc k¥ thuat khac nhau nhu: k¥ thuét angten
truyén song, ky thuét chéng nhiu dién tir cho cac thiét bi dién tir hodc t6 hop cac thiét bi dién tir di
dong, k¥ thuat phong tdi, che chian song dién tur trong an toan buc xa va'y té, ... Trong quan sy, vat
lidu hap thy song radar trong dai tan sb tir 8-12 GHz 1a yéu t6 cbt 16i cua cong nghé tang hinh.
Trong s6 cac vat liéu hép thu manh song dién tur, vat liéu kim loai st tir 1a mot trong nhiing hé vat
lidu thu hat dugce s quan tim dic biét ciia cac nhom nghién ctru trén thé gidi do céc tinh chat va
cAu tric dién hinh cling nhu nhimg tiém ning Gng dung to 16n cua chung. Viéc ting di hudng tir bé
mit va giam ton hao dong xody cua vat lidu kim loai Fe bing cach giam kich thudc hat xudng dén
kich thudc nanomet d3 mé ra nhiéu hudng nghién ctiru mai trén cac hat nano kim loai st tir st
dung nhu mot vat liéu hip thu séng dién tir. Chinh vi nhitng ly do trén chung t6i da chon dé tai
nghién ctru 13 " Ché tao va nghién civu khd ning hap thu séng vi ba ciia hé hat Lao7StoaVn 1.
xTixOs" .

Muc tiéu ciia dé tai:
- Ché tao thanh cong hé hat nano sat tir Lag 7Sl aMn1xTixOs (v6i x = 0; 0,1), hé hat nano kim

loai sat va vat liéu nano t6 hgp dua trén nén hé hat nano sat tir va nghién ctru cac tinh chat co ban
cua cac vat liéu thu duoc.

- Khao sat tinh cht hép thu song vi ba cia cac hé hat nano st tir va hé hat nano to hop sat
tir/dién moi. Xac dinh mdi twong quan giita cac thong s6 hip thy (ving tan s hap thu cong hudng,
d6 rong ving hap thu, cuong d6 hap thu) voi cac thong sb vat 1y co ban cia vat liéu (nhu ciu tric,
thanhphan, nong do, kich thudc, cac tham sb vé tinh chat dién va tir).

Doi twgng nghién ctru: Cac hé hat nano sat tir Lag 7Sl sMn1xTixOs (voi x = 0; 0,1), hé hat
nano kim loai sdt va hé hat nano t6 hop dya trén nén hé hat nano sit tir.

Phwong phap nghién ciru: Phrong phap nghién ctru cua dé tai 1a phuong phép thuc
nghiém. Cac két qua thu dugc chi yéu dua trén quéa trinh phan tich danh gid cacsé lidu thuc
nghiém tu viéc ché tao vt lidu cho dén do dac khao sat tinh chat va xu 1y, bién luan két qué st
dung cac md hinh 1y thuyét phu hop.

Noi dung nghién ciru gom: (i) Ché tao cic mau vat liéu dang bot c6 kich thudc hat ¢ nano
métbang phuong phap nghién co ning lugng cao str dung may nghién hanh tinh. (ii) Phan tich céu
tric tinh thé ciia cac mau vat liéu bang gian dd nhiéu xa tia X. (iii) Thuc hién cac phép do tinh chat
tir cia vat liéu va (iv) khao sat kha niang hap thu séng vi ba trong dai tan s6 tir 4-18 GHz. Do vay,
noi dung ctia dé tai ngoai phan mé dau va két luan dugc chia thanh 3 chuong nhur sau:

Chuong 1 trinh bay tong quan cac kién thl'rc co ban vé: sy tuong tac giira sc')ng dién tur va
moi truong Vat chat, cac co ché hap thu chu yeu Xay ra trong cac loai vat liéu dién hinh, nhiing
nghién ctru gan day vé cau triic va tinh chat hip thu song vi ba clia cac hé vat lidu sat tir, hé hat
nano kim loai sit va cc hé hat nano to hop.

Chuong 2 trinh bay cac k¥ thuat thyc nghiém sir dung dé ché tao va nghién ctru ciu tric tinh
thé, tinh chat tir va tinh chat hap thu séng vi ba cua vat li€u.



Chuong 3 trinh bay cac két qua phan tich cau truc, cac két qua do tinh chét tir va chu yéu la
céc két qua khao sat kha nang hap thu song vi ba cuia vat liéu trong dai tan s6 tir 4-18 GHz.



CHUONG 1: TONG QUAN
1.1.Lich sir hinh thanh va phat trién ciia vét liéu hap thu séng vi ba

Sy ra doi va phat trién cta cac hé thong rada trude va trong Chién tranh Thé giéi lan thir 2
da din dén su can thiét phai nghién ctru sy twong tac gitta song dién tir tai dai tan s6 rada va mot sd
loai vat liéu. Trong do, cac nghién ctu duogc tap trung nhiéu nhat nhat 13 tim cach 1am suy giam tin
hiéu phan xa trd lai véi muc dich khong nhimng giam duoc nhiéu dién tir ma con giam duoc sy phat
hién cua rada ddi phuong bang cach sir dung cac vat liéu hip thy c6 thiét ké phu hop. Ngay sau su
ra doi cua radar, vao nhitng nam 1930, vat liéu hip thu song vi ba, dic biét 1a vat liéu hip thu trong
dai tan sb song radar (8 <12 GHz) di bit ddu duoc nghién ctru, phat trién va cong bd trong mot sd
cac cong trinh khoa hoc [14, 15]. Cac tim hap thu duogc thiét ké dya trén su két hop chit ché giira
vat liéu duge chon véi cac co ché ton hao khac nhau nham t6i wu héa sy hép thu trén mot dai tan
rong. Do do6, cac tAm héip thu ¢6 thé c6 nhiéu hinh dang va cAu tric khac nhau trai rong tlr cac cAu
trac kim tu thap day dén cac 16p phit mong dang da 16p va don 16p.

Nhiéu qudc gia trén thé gioi di va dang dau tu nghién ctru ché tao vat liéu hap thy song dién
tur, dac biét 1a vat liéu hap thy soéng dién tir trong vung tan so0 vi ba nham dinh huéng ng dung
trong cong nghiép, truyén thong cao tan va trong quan su, tuy nhién sé cac cog trinh cong bé con
rt han ché.

Vat liéu hép thu song dién tur dugc bat dau nghién ciru tir cudi nhitng nam 1990 trén cac
polyme dan dién. Cho dén nay, da c6 nhiéu cac dé tai nghién ctru tinh chat hap thy song dién tir cua
cac hé vat liéu khac nhau va da thu duge cac két qua dang khich 1€ cong bd trén cac tap chi khoa
hoc uy tin trong va ngoai nudc.

1.2. Sy tan xa va phan xa song dién tir giy béi vat liéu

Tan xa 1a qua trinh lam phan tanning luong va phwong truyén cua song dién tir
(Electromagnetic - EM) khirtiyén toi vat lidu. D6 1a két qua cua sy tuong tc giita song dién tir v6i
cac dién tlr va ion trong vat li€u. Song dién tir bi phan xa tai mat phan cach gitra hai méi truong co
tro khang khac nhau, cic thong s cia song dién tir c¢o thé thu dwoc bang cach giai cac phuong
trinh Maxwell voi diéu kién bién tai bé mdt phan cach giita hai moi truong khong khi va vat licu.

Tré khang noi cua khong gian tu do (Zo) va cua vat li€u (Z) dugc xac dinh boi:

ZO:E: th ~3770Nhms; z= |
H 80 :ur

Xuét phét tir cic phuong trinh vat Iy mé ta qué trinh phan xa ctia séng khi gip mit phan cach
giita hai moi trudng, c6 4 didu kién phan xa tdi thiéu xay ra khi: (1) Z = Z — hién twong phu hop
trd khang; vat li¢u co cac dai lugng dac trung &, = 4, ; (3) &, pr co gia tri rat 16m (cho cac 16p hip

thu c6 dé kim loai); (4) d6 day 16p hap thu d =(2n+1) c/(4f ISrIIurI) ;n=0,1,2,.. dé séng

phan xa tir hai mit cia mau ty triéu tiéu 1An nhau — hién tugng pht hop pha hay phi hgp mot phan
tu budc song.

1.3.Céac ky thuat khir phin xa

1.31. Khir phin xa bang ciu triic hinh dang
1.3.2. Ky thuit khir phin xa chi dong

1.3.3. Ky thuit khir phan xa bj dong

1.3.4. K¥ thuit khir phan xa bang vit li¢u hip thu



1.4, Cic co ché hap thu séng vi ba
1.41. Co ché ton hao dién moi

Vat liéu dién moi hép thu song dién tir thong qua su phén cuc tan sd cao cua cac ludng cuc
dién lam cho cac phan t va ion dao dong, gy ton hao va sinh nhiét. Hién tuong nay con goi la
hién tugng ddt néng dién moi. Ton hao dién moi dugc gay ra bi sy phan ac dién tr, phan ac
nguyén &, phan ac tr phat (phanec ludng arc) va phan gc bé mit (ion din).

g' dipolar ET o

atomic

electronic

10° 10° 10° 1012 101
r‘microwavej infrared WIS ﬁu\.h
Frequency in Hz
Hinh 1.2. Hdng $6 dién moi phu thudc vao tan so.
Cong SuAt hép thu séng dién tir ciia mot chét dién mdi duoc tinh theo cong thuc:
. 2 2
P=2rs (g, IE =2re, FE"s, tans (f)
1.42. Co ché ton hao tir
Mot chat sit tir (hay ferri tir) c6 kha ning hip thu va chuyén héa séng dién tir thanh ning
luong nhiét theo nhi€u co ché khac nhau. Tuy thudc vao ban chat cua vat li€u va vung tan so song
dién tor ma co ché hap thu nao sé€ trd nén trdi hon. Cac hat nano tir hap thu song dién tir va giai
phong nhiét ning theo cic co ché co ban: (1) Co ché ton hao tir tré v6i cong suat ton hao
P= fj-édﬁ; (2) Ton hao do hién twong cong hudng sit tir xdy ra tai tin sd cong hudng

e . : \. . ~ £ X
% Hy, (3 Co ché ton hao i phuc voi cbng sudt ton  hao
m

P(f,H)=pumy (f)H?f va Hip thy s dat cuc dai tai tin 5 f= 1/z.

f —ig
FMR 272_

1.43. Co ché tén hao xoay

Tén hao xody xay ra khi c6 song dién tir lan truyén trong mot vat dan voi cong suat tén hao
P=7x°B5d?f?/6koD . Cac vt lisu MAM/RAM trén co s& ton hao xody thuong bao gdm cac
hat kim loai hodc carbon c6 d6 dan dién cao. Véi kic}} thqéc cac hat bé (bé hon do thAm sau skin),
ngoai viéc lam cho song dién tir phan xa qua lai nhiéu lan, cac hat nano kim loai con hinh thanh
nén vo ’sé cac vi tu dién trong long Vf‘i‘t lidu, vi thé nang cao h::irrlg s6 dién moi ¢ (day thuc chét 1a
mot chat dién moi nhan tao) va gop phan tang cuong kha nang hap thu cua vat liéu.

1.4.4.Anh hwéng cia hiéu wng hip thu bé mat

Vit liéu tir tinh dugc sir dung rong rii trong cic img dung hip thu séng vi ba dono co kha
nang hép thu tdt hon sovéi cac vat liéu dién moi. Tuy nhién, hi€u sut hép thu song vi ba clia cac
vat liéu tir tinh bi khéng ché boi hai gidi han, d6 13 hiéu tmg Snoke va hiéu ung Skin. Vi vay, dé
nang cao hiéu suét hip thu cua vat liéu, kich thudc hat phai nho, dé song dién tir ¢6 thé xAm nhap
sdu vao bén trong tat ca cac hat.



CHUONG 2: CAC KY THUAT THU'C NGHIEM

Trong chuong nay, phuong phap ché tao mau vat lidu nghién ctru, cic phuong phép do dac
dé khao sat thanh phﬁn héa hoc, céu tric tinh thé va nghién ctru cac déc trung quang hoc cua vat
liéu da ché tao dugc s& duge gidi thiéu.

2.1. Cdng nglé ché tao miu

Céc hé hat nano duoc chung t6i ché tao sir dung phuong nghién co ning lwong cao sir dung
méy nghién hanh tinh. Béy 12 mot phuong phap nay don gian, dé thuc hién c6 tinh 1ap lai cao va
phu hop cho viée san xuat mot lwong 16n cac hat nano dap tng duoc yeu ciu cua cac phép do phan

xa va truyen qua song vi ba. Mit khac, cac sai hong khong mong mudn do qua trinh nghién hoan
toan c6 thé duoc khdng ché tdi da bang mot qua trinh xir Iy nhiét phu hop.

* Quy trinh ché tao cac hé hat nano sét tir Lag 7S Mn14TixOs (LMTO):

Can hop phan Nghién tron 1an 1 Ep vién va nung
— trong 4h. > s0 b tai
1100C/5h.
Nghién 14n 3 Ep vién va nung Pha vién, nghién
trong 30 pht. — thiéu két tai <: tron 1an 2 trong
1200C/5h. 6h.
N| U nhiét tai 900°C/5h

Hinh 2.2. Quy trinh ché tao hat nano sdt tir Lao 7510, 3MNn1,TixO3 (x = 0; 0,1).

Vit liéu ban dau dugc st dung 1a cac mudi cacbonat (SrCOs3) hoac cac oxit (Lax0s, TiOy,
MnQOz) c6 d6 sach trén 96%. San phém thu duoc 1a vat liéu sit tir dang bdt c¢o kich thudc hat
nanometLap ;SfsMn1TixOs (X = 0; 0,1).

* Quy trinh ché tao hé hat nano kim loai Fe dugc mé ta nhu so do:

X Iy va kiém tra Can khéi lugng mau 3 .
0 A A : e San pham
hoa chat ban dau |:> theo ty 18 bi bot |:> Nghién p

Hinh 2.3 Quy trinh ché tao hat nano Fe

Vat liéu ban dau duoc st dung 1a kim loai Fe dang bét, ¢6 kich thudc < 150 um véi d6 sach
dat trén 98%.

Bo6t nguyén liéu ban dau duogc can theo ti 18 bi/bot 1a 3/1, sau d6 dugc nap vao binh cung voi
bi va nghién véi toc do va thoi gian phu hop. Méi truong nghién 1 khong khi, nhiét d6 tong hop
méu 1a nhiét do phong. Trong qué trinh nghién, binh nghién dugc thay doi vi tri dé tranh sy két
dam cua bot.

2.2.Cac phwong phap khao sat tinh cHit dic trung caa vat li éu

2.2.1. Phan tichciu tric king nhéu xa tia X



Cac phép do XRD cua cac mau ché tao trong dé tai duoc thuc hién trén hé nhidu xa ké tia X
Siemens D5000 str dung birc xa CuK,, (A = 1,5406 A) dugce dit tai Vién Khoa hoc Vat lidu - Vién
Khoa hoc va Cong nghé Viét Nam.

2.2.2.Kinh hién vi dién tir quét (SEM)

Trong dé tai nay, vi cAu trac cua vat lidu duge chup béng kinh hién vi dién tu quét Hitachi S-
4800 tai Vién Khoa hoc vat liéu - Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

2.2.3. Tr ké mdu rung (VSM)

Céc phép do dudng cong tir hod dugce tién hanh nham xac dinh trang thai tir, gi4 tri mémen
tir bao hoa Ms, luc khang tir He va trong mét vai truong hgp dugce tinh toan dé xac dinh gia tri tuyét
dbi cta tir thim |pd .

2.2.4. Phép do phan xa va truyén qua séng vi ba
2.2.4.1. Quy trinh chuin bi cac 16p vat liéu hap thu

Hinh 2.7 Anh chup mét tam hap thu kich thude
100 mm x 100 mm x 3 mm trdi trén khuén mica thiét ké san.

Pé chuan bi mau cho phép do phan xa va truyén qua séng vi ba, hdn hop duoc tao thanh tir
bot nano (chét nhdi) va paraffin (chit mang) duoc trai thanh cac 16p mong, phang véi cac do day
hoic ty 1& khac nhau) trén mot khudn mica thiét ké sin c6 kich thuée 100 mm x 100 mm va do day
khac nhau.

2.2.4.2. Phép do phin xa va truyén qua séng vi ba trong khong gian tu do

Phép do tinh chat hap thy song vi ba trong dai tan s6 tir 4 — 18 GHz duoc thuc hién théng
qua céc phép do phan xa va truyén qua trong khong gian ty do sir dung thiét bi phan tich Vector
Network Analyzer (Anritsu MS2028B VNA Master)i diéu kién do dac c6 sin tai phong kit
vong (phong i) thusc Vién Rada Vién Khoa hyc va Ky thuat Quan s.

sample sample Vector network

incident wave analyser (VNA)
horn antenna Koo, o
I horn antenna

e —
S | sﬂr ﬁ

aE

Hinh 2.8 So do lap dat phép do phdn xa va truyén qua séng vi ba véi hé do INA



S6ng phan xa ban d3u D

Song tori

Séng phan xa thir cdp

Khéng khi

séng truyén gua

Song phin xa bén trong
<+« N\/4—»

Tam vit liéu

Tam kim loai

Hinh 2.9 M6 hinh séng téi va song phan xa tai cdc bé mat ciia mét mau hap thu.

T céac s6 lidu do dac duoc, tro khéang cua vat liéu, Z, va d tdn hao phan xa, RL dugc xac
dinh théng qua thit toan Nicolson-Ross-Weising chuong trinh tinh toan dwa trén ngén ni
macro @a chuwong trinh xir Iy s liéu KaleidaGraph.:

Z =1, e tanhf-i(2r did \u e, 1

RL(dB)=20log | (Z- 1)/ (Z 1)|

Dbi véi truong hop cac 16p hip thu dwoc trai trén dé kim loai, Z vaRL ¢6 thé thu duoc truc

tiép tir hé s6 phan xa phirc Si;

2=2,1+5,)/ (- &)

RL=20log, | S,



CHUONG 3: KET QUA VA THAO LUAN

Trong chwong nay trinh bay két qua nghién ctru diic trung cdu trac, hinh thai, kich thudc hat,
tinh cht tir va dédc biét Ia tinh chét hip thu song vi ba trong dai tan sb tir 4 — 18 GHz ciia cac hé hat
nano sét tir Lag 7St aMn1«TixOs ( x = 0; 0,1), hé hat nano kim loai Fe va hé hat nano t6 hop (100-X)
Fe/x LasShsNiOs (X = 3; 6; 9; 12%); (100-x) LaSr sNiOa/xLagSrhMnOs (X = 0; 2; 4; 6; 8;
10%).

3.1. Cac dic trung co ban va tinh chdt hip thu séng vi ba ciia hé hat nano sit tir
Lao 7SroaMn14TixOs (X = 0; 0,1)

3.1.1.Két qua phén tich gian dd nhiu xa tia X va chup anh bé mit SEM

T
La{] T srﬂ .3M r11 J(‘rlxo 3

104)

(110)
(024)
[214)

Irtensity (arb. units)

012)

20 30

Hinh 3.1.Gidn dé nhiéu xa tia X ciia Lag 1St Mn1Ti,Os tai 300K.
B, - - CdS Ja : - % | 149

IMS-NKL x30.0k SE(M)

IMS-NKL x30.0k SE(M)

Hinh 3.2. Anh hién vi dién tir quét ciia mau Lao 7St Mn1TixO3 véi x = 0 (@) va x = 0,1 (D).

Két qua phan tich gian do nhidu xa tia X ciia cac mau Lag 7St dMn1TixOs (x = 0; 0,1) cho
thdy cac mau déu thé hién ciu triic mat thoi kiéu perovskite voi nhom khong gian R-3c. Mit khac,
khi so sanh v6i pho chuan khong thdy xuat hién cic dinh la nao cho thiy su ton tai ctia tap chat
hodc cac pha thu c?ip, ching t6 mau ché tao két tinh tdt va sach pha tinh thé. Kich thudc hat nano
tinh thé trung binh vao khoang 40-50 nm va nho hon kha nhiéu so véi kich thuéc hat thuc quan séat
dugc trén anh kinh hién vi dién tir quét SEM (100-300 nm).

3.1.2. Két qua khao sat tinh chét tir ciia cac hé hat nano ché tao

Két qua cho thdy khi x = 0,0, vat liéu Lag 7St aMnOs co dic tinh ciia mot vat lidu tir mém véi
gia tri Ms ~ 56 emu/g va knho khong dang ké (~ 15 Oe). Tuy nhién, khi thay thé Ti vao vi tri ciia
Mn voi néng do x = 0,1, tu tinh cua vat li¢u giam manh xuéng dén ~ 15 emu/ g. biéu nay dugc giai
thich 1a do sy suy giam cua do dai cac lién sit tir (ferromagnetic FM) va twong tac trao ddi kép
(double-exchang€édE) dic trung cho tinh st tir ctia vat liéu khi thay thé mot phan ion phi tir Ti* vao
vi trf ctia ion tir tinh Mn**.
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Hinh 3.1 Puong cong tir tré ciia vit liéu Lao71Sfo sMN1xTixO3
voix =0 va X = 0,1do tai nhiét do phong.

3.1.3. Tinh chét hap thu séng vi ba ciia hé hat Lao7SrosMn1TixOs (x = 0; 0,1)

Bang 1. Cdc tham sé déc trung cua cdc I6p
hdp thu Lag 7Sto Mn1.«TixOd/parafiin.

X 0 0,1
f, (GH2)
g 55| 15 | 56 | 13,2
g (n=2)
m LaU.Tsru.an'1-K-I-IK03
- fi1 (GH2) - 14,3 | 11,5 | 13,6
_15 [ —_— X i [IR] n
e f2(GHz) | 56| - | 57 | -
20 1 1 1 L L | RL (ffl) (dB) - '11,5 '18,3 '12,4
* i ’ F1$eq [GI—:i] * ' "I RL(fo) (dB) | -5 - -3 -

Hinh 3.4.5u phu thuéc cuiia RL vao tan so cua cdc tam
vt liéu Lao 7St sMN1,T1,Ox/paraffin voi x = 0; 0,1.

Quan sat trén dudng cong RL(f) ctia miu Lao:SthsMnOs (x = 0) tathdy co xuat hién dinh
hap thu cong huong kha 16 voi gia tri RL dat cuc tiéu bang -11,5 dB tai tan sd cong huong fi1 ~
14,3 GHz. Dbi v&i mau Lao 7Sl sMnoTio.1 Os (x = 0,1), hiéu tmg hap thu cong hudng trong ving
tan sO cao xdy ra tai hai tin s cong huong fi1 ~ 11,66 GHz va.f ~ 13,6 GHz tuong tmg véi gia tri
cuc tiéu cua do ton hao phan xa RL dat -18,3 dB va -12,4 dBTheo hinh 3.5, v6i ca hai mau gia tri
tro khang tai tan sb cong huong fi1 déu rat gan véi didu kién |Z/Zo| = 1. Diéu nay ching to sy hap
thu manh séng vi ba tai ddy 1a do co ché phu hop tro khang quyét dinh.

Ngoai ra, trong ving tan s thip gan 5,6 GHz (fr2) con xuat hién mot dinh hap thu yéu cho ca
hai mau x = 0 va x = 0,1. D& quan sat r5 hon cac hiéu Gng cong hudng xay ra tai cac khe cuc tiéu
hap thy, chiing tdi tién hanh phép do phan xa séng vi ba cho cac tim LMTO/paraffin vi mot dé
kim loai phfmg (Al) gin chit phia sau. Theo d6, ta thdy gia tri ciia RL giém dang ké tuong Gmg véi su
glam vé gan gia tri khong cua tin hiéu phan xa [S11| tai cac khe hap thy cyc tiéu. Do ton hao phan Xa cuc
tiéu dat xudng t6i gan -22 dB tai tAn s6 cong huong 16,7 GHz (x = 0,0). Chimg to khi c6 dé Al phing
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gén sau cac tAm hép thu, co ché hép thu phéi hop pha dugc thé hién tai tan s cong hudng pha trong tat
Ca cac tam vat liéu LMTO/paraffin ché tao duoc.

La__Sr__MnO —_—
. —a—RL 07°%03 5 —o—|Z/20] . —s—RL Lau‘TSrMMnn‘g'ﬁmDS 12/20] -
T T T T T o ' T T T T

1ZiZ | =+
1 1 1 1 1 1
4 6 8 10 12 14 16 18 4 6 8 10 12 14 16 18
Freq (GHz) Freq (GHz)

Hinh 3.5.8 phu thuéc ciia RL va |Z/Zo| vdo tan sé ciia
cdc tam vt liéu Lao 7Sto MN1.<TixOx/paraffin véi (a) x = 0; (b) x = 0,1.

1.2 T T T T T T T

LawSr”Mn(1_“:'11,(03

Al - Backed

——x=00

x=0,1 B

0 L L L L L L 25
4 6 8 10 12 14 16 18 4 6 8 10 12 14 16 18

Freq (GHz) Freq (GHz)

Hinh 3.6.Su phu thugc ciia RL va |S11| vao tan sé f ciia
cdc tam vit liéu Lag 7Sto Mn1TixOs/paraflinkhi cé dé Al phang phia sau.
3.2. Cac dic trung co ban va tinh chét hip thu séng vi ba ciia hé hat nano kim loai Fe
3.2.1. Anh huéng ciia thoi gian nghién Ién ciu tric ciia cac hat nano kim loai Fe

Tir két qua phan tich gian d6 XRD (hinh 3.7), ta thdy xuat hién cac vach nhiéu xa tuong mg
v6i cdu tric 14p phuong tam khdi (BCC) ctia pha tinh thé o-Fe tai cac vi tri 45°, 6% va 83. Cac
vach nay c6 vi tri gan nhu khong thay ddi véi tat ca cac mau, dong thoi khong thiy xuat hién cac
vach nhidu xa méi cho thiy pha o-Fe la kha bén va 6n dinh trong sudt qua trinh nghién co ning
lwong cao. Tuy nhién, ta c6 thé quan sat thiy cac vach nhidu xa dic trung cho pha o-Fe mé rong ra
va c6 cudng do giam di khi thoi gian nghién ting 1én, ching to rang kich thudc hat tinh thé cua vt
lidu giam va tng suit ndi ting trong qua trinh nghién. Két qua ciing cho thiy, kich thudc hat tinh
thé trung binh giam kha nhanh khi thoi gian nghién tang 1én tir 1h dén 10h va gin nhu khong thay
d6i khi thoi gian nghién tiép tuc ting trén 10h.

Kich thudc thue cua cac hat nano Fe sau khi nghién duoc quan sat truc tiép trén thiét bi
kinh hién vi dién tir quét SEM. Hinh 3.8 dwa ra anh kinh hién vi dién tor quét SEM cho miu
Fe_10hCéc hat Fe co hinh dang va kich thudc kha dong déu va c6 gia tri khoang 70-80 nm. Kich
thudce hat xac dinh duoc béng cach quan sat truc tiép trén anh chyp kinh hién vi dién tir quét SEM
16n hon déng ké so gid tri tinh theo pho XRD.
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Hinh 3.8. Anh hién vi dién tir quét ciia mau Fe_3h va mau Fe_10h.

Bdng 2.Kich thuéc hat tinh thé trung binh éa miu bt Fe theo céc # gian nghén khac nhau.

Ténmiu | Fe(lh) | Fe(3h) | Fe(5h) | Fe(10h) | Fe(15h) | Fe(20h)

D (nm) 76 42 28 21 20 19

3.22. Anh hwéng ciia thoi gian nghién Ién tinh chit tir ctia hé hat nano Fe

Do mau duoc nghién trong mdi truong khong khi, vi thé 1am cho cac hat nano Fe c6 thé bi
oxy hoa, hinh thanh mét 16p oxit sit bao quanh 16p ngoai cua hat va lugng tap chit ciing nhu 16p
vo oxit s& tang theo thoi gian nghién. Mic du cac pha oxit thir cdp khong dwoc phat hién thay trén
cac phé XRD, nhung sy hinh thanh cua ching s& anh hudng truc tiép 1én tinh chét tir cua cac hat
nano Fe. Theo két qua cac phép do dudng cong tir hod ban ddu M(H) & nhiét d6 phong ciia cac mau
(Hinh 3.9, gia tri do tir hoa bdo hoa Ms giam din mot cach hé thong khi thoi gian nghién ting
nhung tré nén gan nhu bio hoa khi thoi gian nghién 16n hon 10h (Bang 3). Hién tuong nay c6 thé
duoc giai thich la do mét ) nguyén nhan nhu su mat trat tu bé mat khi hat c6 kich thude bé, viéc
nhidm céc tap chét phi tir hodic c6 tir tinh yéu tir bi va cbi nghién, hodc qua trinh oxy héa bé mit, ...

Mait khac, toan bd qua trinh bao quan vat li€u ché tao va cac do dac tinh chét cua hé hat nano
kim loai Fe déu dugc thuc hién trong méi trudng khong khi. Do d6, qua trinh oxy hoéa van c6 thé
tiép dién sau qua trinh nghién va gy anh huéng tryc tiép 1én tinh chét ciing nhu d6 6n dinh cua vat
lidu. Dé kiém chung diéu nay, ching t6i da tién hanh cac phép do M(H) va theo ddi sy bién dbi cua
tlr 46 bao hoa Ms(t) theo thoi gian ctia mau Fe 10h khi dugc bao quan trong mdi trudng khong khi
(bang 4, hinh 3.10). Theo d6, chinh sy suy giam lién tuc theo thoi gian cau Ms, chirng to6 qua trinh
oxy hoa tiép tuc tiép dién sau khi nghién cua cac hat nano Fe.
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Bang 3. Gia tf dé tir hoa b&do hodua cac miu Fe thedhoi gian nghén khac nhau.

Tén miu Fe(lh) | Fe(3h) | Fe(5h) | Fe(10h) | Fe(15h) | Fe(20h)

Ms (emu/g) | 219 213 206 203 202 201

Bang 4. Gia ti dé tir hoa b&o hodua cac riu Fe theo thi gian hio quin trong khdng khi.

Thoi gian ko guan (ngay) 0 1 3 7 10 | 20 | 30

Ms (emu/qg) 203 | 196 | 192 | 191 | 189 | 188 | 188

Dé khing dinh mbt cach rd rang hon qua trinh oxy hoa trong khéng khi ciia cac bt nano kim
loai Fe sau khi nglin, chang t6i #n hanh do phd tan sic ning luong EDX aia mhu Fe_10h sau
khi nghién mjt ngay ba ngay, nim ngay va 30 ngayTheo do, trong ba ngay dau, ty phan cia
nguyén & Fe giim tir 100% xwng 94,96% trong khi d6 ti phin cia Oxi ting tir 0% dén 5,04%, sau
do6 ti phan Oxy tiép tuc ting nhung cham lai rat nhidu va khong dang ké sau 30 ngay.

3.2.3.Tinh chit hip thu séng vi ba ciia h¢ hat nano kim loai Fe

Dé giam thiéu ti da 16p vo oxit hinh thanh quanh caathnano, véc trai cac bp hap thy
song vi ba Fe/paraffin dugc tién hanh ngay trong vong 24h sau khi rghiCac &p hip thy duoc sir
dung trong kfio séat ki ning hip thu caa k8 hat nano kim lai Fe duoc trai tir hdn hop bt nano
Fe 10h (“chat nhdi”) tron déu trong paraffin (“chit mang”) gan nhu trong subt dbi véi song dién
tur.

Véi hi vong hiéu tng Hip thu c6 th s3 dugc i wu théng qua su thay doi cua ty 1& khdi
lwong Felparaffin, ching t@inon do day fim hap thu d = 3mm va thay déi ty 1& khéi luong (1) gita
bot nano Fe va paraffin. Hinh 3.Hiéu dién duong phu thusc vao &n < f trong dii tan & 4 —
18GHz @a h sb ton hao pln xa RL ciia cac &p hip thy Fe/paaffin khi khong co dé Al véi cac i
l& r = 3/1; 4/1; 4.5/1 va 5/1 trongictan 5 4 — 18GHz. Mic du trén duong cong RL(f) @a tt ca
cac miu déu thé hien mot khe arc tiéu hap thy voi do ton hao pln xa dat thip nhit xudng dén -11
dB (r = 4/1) trong vingih s cao @n 14 GHz, nhung cuong d6 dinh Hip thy yéu va thay doi
khong déng ké theo ¥ ¢ khdi lugng tir 3/1 dén 5/1 cho thy khéng c6 Bng ching ré rang ¥ viéc
cO the quan sat dugc hiéu ng Hip thy cong huéng trong toan & dai tin s do. Piéu nay ciing duoc
chi ra trén duong Z(f) (hinh 3.12ab) khi ma diéu kién |Z| = 2 khong duoc thda mandi bat ky tan
so f, nado trong toanddai tan s thyc nghém. Chang téi choang, c6 tié do khaing thay doi cua i
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lé khéi lugng Ot nano Fe/paraffin con kh&pdé cé thé anh huong manh dén kha ning hap thu
cua mu.

Bang 5. Gié tri ftinh todn theo md hinh ly
thuyét va quan sat tkc nghém aia tit cd
cac nau co ¥ |é khoi lirong khac nhau

g
E—G

| - r= rnielrrbarafﬁn 3/1 4/1 4,5/1 5/1

_124 Ia EIB *;0 12 14 *;a 12 fp(n = 2)(GHZ)

Fred(@8) (tinh toéan) 53 53 52 51

Hinh 3.11.Su phu thudc cua RL vao

P A, . by r ] \ fp (GHZ)
tan so cua cac mau co6 do day 66 61 58 509
d=3mm khi khéng cé dé Al va véi ti (quan sat)

1é khoi lwong bot/paraffin khéc nhau.

M M, =3 |

Hinh 3.12.Sw phu thuéc ciia RL va |Z/Zo| vao tan s6 ciia
cdc tam vt liéu Fe/paraffin véi: (a) r = 3/1; (b) r = 4/1; (c) r = 4,5/1 va (d) r = 5/1.
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Hinh 3.13.Sw phu thudc ciia |S11| va RL vao tan sé ciia cdc tam vt liéu Fe/paraffin

V6i 1y 16 khoi lwong khdc nhau dwoc gin dé Al phan xa todn phan phia sau.
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Vi cac mau ¢ dé kim loai, tin hiéu |Si1| giam manh t6i gan gia tri 0 trong khoang tan sb gan
~ 6GHztuong ung véi sy xuat hién cia mot dinh hap thu cuc tiéu (RL ~ - 56,7dB & 5,4 GHz ) cho
hau hét cac mau (trir mau c6 ty 1¢ khdi lugng 5/1) (hinh 3.13), tan s6 nay rat gan v4i cac gia tri tan
s f, tinh toan duoc (bang 5). Didu nay chimg té rang tai ving tin s nay hién tugng phan xa da
gan nhu khong xdy ra trong cic mau c6 dé Al va 1a mot minh ching o rang cho su xuat hién cia
hiéu tng cong huéng phi hop pha. Nghién ctru ciing chi ra rang sy cong hudng phii hop tro khang
Z khong dugc quan sat trong tit ca cac mau co va khong c6 dé Al, thay vao d6 ching ta chi thiy
mot dinh cong hudng yéu xung quanh ving tan s cao cho mau khong co dé Al va mot sy giam
manh, tham chi bi triét tiéu hoan toan ciia hé s6 phan xa |Sy4| trong ving tan sb thip tuong ung véi
su xudt hién dinh cong hudng phit hop pha d6i v6i cac mau co dé Al phia.

3.3. Tinh chit hép thu séng vi ba ciia cac hé hat nano t6 hop sit tir/ dién méi

3.3.1. Tinh chit hip thu séng vi ba cia hé hat nano t6 hop (100-X)
Lal,ssl’o,5Ni04/XLao,7sro,3Mno3

RL (
RL (dB)

RL (dB)
RL (dB)

b) x=4
S 16

I I 0 0
4 6 8 101214 16 18 4 6 8 1012 14 16 18
f (GHz) f (GHz)

-30

Hinh 3.14. Puong cong RL(f) va |Z/Zo|(f) ciia tdt ca cdc mau trong vimg tan sé 4-18 GHz,
(@)x=0; (b)x=4; (c)x=8va (d) x= 10.

Khi pha tron dan dan cac hat nano sat tir Lao, 7S, aMnOs (LSMO) véi cac hat nano dién moi
Lay,sStosNiO4 (LSNO) theo céc ty 16 vé thé tich x khac nhau (x = 0; 4; 8; 10%), tinh chat hap thu
song vi ba cia hé hat nano t6 hop (100-x)LSNO/XLSMO duoc ting cudng khi phan trim thé tich
thay thé LSMO 1én dén x < 4%. Tuy nhién, khi x tiép tuc ting thi kha ning hép thu cua vt liéu
giam tré lai. Gia tri nho nhét ctia do tdn hao phan xa RL dat xuéng dén -28,5 dB tai tan sb cong
huong fr1 ~ 13.6 GHz cho tAm hép thu chira 4% thé tich LSMO. Nhu duoc chi ra trén hinh 3.14a-d,
diéu kién phu hop tré khang duge théa min ¢ tin s f; ~ f1 cho miu x = 0 va x = 4 chimg t6 hiéu
{rmg hép thu x4y ra tai tin s6 nay 1a do hiéu tmg phu hop tré khang quyét dinh. Véi cic miu c6 x >
0, gia trj tré khang Z 13 kha gin véi Zo tai tan sé cong hudong nhung diéu kién phu hop tré khang
khéng duoc théa mén trong toan bd dai tin s§ do. Mit khéc, ching ti ciing quan sat thiy co su
dich chuyén tan sb hip thu vé phia tdn sb thdp hon khi gia ting ndng d6 LSMO
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Bang 6. Tong hop cdc tham sé ddc trung hdp thu song Vi ba
cho cdc I6p hap thu (100X)Lay sSr sNiO/XLao 7Sr MNnOs
X 0 4 8 10

a. Mau khong c6 dé kim loai

fo(n=2) 5.3 5.27 5.26 5.16
f1(GHZ) 13.6 135 13.2 13.1
f2(GHz) 5.7 5.57 5.8 5.53
RL(f,1)(dB) 182 285 -16.9 145
RL(f2)(dB) 29 27 33 2.9
b. Mau c6 dé kim loai (Al) gan phia sau

f1(GHz) - 15.9 15.4 16.6
f2(GHz) 6.0 5.4 6.3 5.5

RL(f)(dB) - 17.8 8.7 225
RL(f.2)(dB) 8.6 -30.7 22 53.8

Trén hinh 3.14, bén canh khe cdng hudng tai tan 6 fr1, con xuét hién mot khe cong hudng tai
tan s fi» trong ving tan s6 thap ~ 6 GHz. Pinh cong hudng thir hai nay c6 cudng do yéu va rd rang
khéong théa mén diéu kién phu hop tré khang. Tuy nhién, theo bang 6 cac gia tri fi2 la kha tring
khop voi gia tri f, tinh toan duoc cho thdy hiéu tmg cong hudng & day 1a theo co ché phu hop pha.
Cuong do rat yéu cua dinh cong hudng nay c6 thé duoc giai thich 1a do sy triét tiéu khong hidu qua
cua cac tin hi€u phan xa tir hai mat cia cac tAm vat liéu. P& xac minh diéu nay, chung toi tién hanh
phép do phan xa song vi ba trén cac tim hip thu (100-x)Lay sSk sNiOa/XLao 1S sMNnO;s khi c6 dé
kim loai phang gdn phia sau (hinh 3.15). Két qua cho thdy tin hiéu |Sy1| giam manh gan vé khong
(hinh 3.15a) tuong tmg véi mot su hap thu manh voi RL dat xudng dén -53,8 dB tai 5,5 GHz cho x
= 10. Diéu nay mot lan nira di ching minh dwoc ban chit cta hiéu ing cong hudng pha xuét hién
tai tin s6 cong hudng fi» va khiang dinh lai gia thuyét hiéu ing cong hudng pha chi xuat hién trong
cac 16p hép thu trai trén dé kim loai.

3.3.2. Tinh chit hép thu séng vi ba ciia hé hat nano t6 hop (100-x)Fe/xLay sSrosNiO4

Véi muc dich ting cuong kha nang hap thu song vi ba ctia hé hat nano kim loai Fe thong qua
viéc giam su bt can bang giita hang s6 dién moi va do tir thim, chung t6i tién hanh khao sat tinh
chat hap thu song vi ba trong dai tan sb tir 4 — 18 GHz ctia hé hat nano composite (100-
X)Fe/XLSNOV6i x = 3; 6; 9; 12%. Puong cong RL(f) (hinh 3.16) cho thay su xuit hién cta hai khe
cuc tiéu hap thy tai tan sb f,1 ~ 5.6 GHz vak ~ 13.6 GHz voi RL dat thap nhat ~ 11 dB tai tan s6
f,» va gia tri nay gan nhu khong thay doi cho tat ca cac mau. Diéu nay cé thé duge giai thich 1a do
ty 1¢ chat dién moi thay thé con qua thap, thanh phan ton hao dién moi dong gop vao ton hao toan
phan 1a khong déng ké, vi thé khong lam thay doi kha ning hap thu ciia chat nén sit tir ban dau.
Mait khac, do su chénh 1€ch kha 16n gilta tré khang cua vat li¢u Z va tré khang ctia khong gian tu
do Z (hinh 3.17)dong thoi phan o |Z] nhan gia tri kha 16n (bang 7) da chimg to khong c6 sy xuat
hién cuia cong hudng phtt hop trd khang tai cac dinh hip thu quan sat dugc. Chung toi hi vong ring
trong cac nghién ciru tiép theo trén cac 16p hap thu ctia hé hat nano t6 hop (100-x)Fe/XLSNO khi
c6 dé kim loai phang phia sau, sy xuat hién ctia cac khe cyc tiéu hp thu theo co ché phu hop pha
s€ dugc quan sat va giai thich rd rang hon.
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Hinh 3.16 Puong cong RL(f) tai viing tan s6 Hinh 3.17 Sy phu thuéc cua RL va |Z/Zo| vao
cao ~ 14 GHz va tai viing tdn sé thap ~ 6 GHz tan sé cia cdc tam vit liéu (100-x)FelxLSNO
(hinh nho dinh kem) cia cac mau cé dé day voix =3, 6; 9; 12%.
d=3mm khi khéng cé dé Al.

Bang 7. Cac thamisddc trung cua tt ci cac nau (100-x)Fe/xXLSNO
Vvoi x= 3; 6;9; 12%.

X (%) 3 6 9 12
|Z'| (Ohm) 377 45 218 104 296 109 188 117
f,1(GHz) 5,5 - 5,6 - 5,6 - 5,6 -

f22 (GHz) 13,6 13,5 13,5 13,5
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KET LUAN

Sau hai nam nghién ctru, dé tai da dat dugc mot s6 két qua nhu sau:

1. Bang phuong phép nghién co ning lugng cao, ching t6i di ché tao thanh cong cac hé hat
nano sit tir Lag 7St sMn1xTixOs ( x = 0,0; 0,1), hé hat nano kim loai Fe va hé hat nano t6 hop nén
sit tir. K&t qua phan tich tinh cht cho thiy, hé hat nano Lag 7St aMn1xTixOs co ciu tric mit thoi
kiéu perovskite véi kich thugc hat tinh thé trung binh vao khoang 50nm, dong thoi tir tinh cua vat
liéu giam manh khi thay thé mot phén nguyén t6 Ti vao vi tri ciia Mn. D6i voi hé hat nano kim loai
Fe,khi thoi gian nghién ting 1én dén 10h, kich thudc hat giam manh xubng dén c¢& 70-80nm, dong
thoi tir tinh cua vat liéu cling giam va gan nhu khong thay ddi khi thoi gian nghién 16n hon 10h.
Qua trinh oxi héa ty nhién do mau dugc bao quan khong maéi truong khong khi tiép tuc 1am tir do
bdo hoa giam manh trong 3 ngay dau (72h) va gan nhu dat gia tri bio hoa sau d6 khi co sy xut
hién cta lop vo oxit bao vé.

2. i khao sat kha ning hip thu song vi ba trong dai tan sé 4-18 GHz cho cac 16p hip thu
bt nano Lag,7Sr, 3I\/In1 «T1xO3 phan tan trong parafﬁn Két qua khao sat trén hé Lao St aMn.
«TixOs/paraffinchi ra rang khi khong c6 dé kim loai gan phia sau, cac khe hip thu cong hu:ong theo
co ché phu hop tré khang xuat hién trong ving tan sd cao voi gia tri RL dat thap nhit bang -18,3
dB tai tan s6 11,7 GHz cho mAu x = 0,1. Mat khac, khi c6 dé kim loai kha nang hap thu séng vi ba
trong dai tan sd do cua vat lidu ting 1én ddng ké voi RL dat xudng -22 dB tai tin s6 cong hudng
phtt hgp pha cho mau x =0,0.

3. Két qua do tinh chit hip thu séng vi ba trong dai tin sé 4-18 GHz cho céc 16p vat liéu
Fe/paraffin chi ra rang hiéu ing cong huong phi hop tré khang khong duoc quan sat rd rang trong
ving tan s cao tir 14-16 GHz ngoai trir truomg hop cia mau ¢6 d = 3 mm va 80% thé tich bot Fe.
Tuy nhién, khi c6 mot tim kim loai phing gin phia sau, cac 16p hap thu thé hién rit 15 dinh cong
hudng phit hop pha tai ving tin sb thip ~ 6 GHz v6i tin hiéu phan xa [S11 giam vé rat gin gia tri
khong va gia tri do ton hao phan xa tai dinh cong hudng dat dén -56 dB cho maucor =4,5/1;d =3
mm var = 4/1; ¢ 1,5 mm. Nghién ctru nay ctia chiing t6i cling dua ra mot phuong phap hiéu qua
dé phan biét hai hiéu ing cong hudng chinh xay ra trong cac chat hap thu bang viéc ngin mach
trong phép do phan xa sir dung mot tim kim loai phang.

4. Khi thay thé mot phﬁn cac hat nano sat tir Lao7ShMnTiOs vao hé hat nanao dién moi
(LSNO), v6i phan tram thé tich x < 4% tinh chat hap thy ctia hé hat nano t6 hgp (100-
X)LSNO/XLSMO dugc tiang cudng. Tuy nhién, khi ndng do x tiép tuc ting thi tinh chat hp thu lai
giam di. Gia tri nho nhit cia d6 tén hao phan xa RL dat Xuéng dén -28,5 dB tai tan sb cong huong
fii ~ 13.6 GHz cho tdm hip thu chira 4% thé tich LSMO. Mit khac, chiing t6i ciing quan sat thiy c6
su dich chuyén tan sb hip thu vé phia tan s6 thap hon khi gia ting nong d6 LSMO, chiing t6 co ché
cong hudng st tir voi tan sd cong huong frvr chiém wu thé tai day. Khi cac 16p hap thu duoc ngan
mach béi mot tdm kim loai Al, tin hiéu phan xa | S| giam manh gan vé khong tuong tng véi mot
su hép thu manh theo co ché phu hop pha véi RL dat Xuéng dén -53,8 dB tai 5,5 GHz cho x = 10.

5. P nghién clru anh hudng cua sy thay thé mot phan chat dién moi (LSNO) 1én tinh chat
hap thu song vi ba cua cic 16p hap thy Fe/paraffin. Mic du két qua khong duge nhur duy doan ban
dau 1a s& c6 thé giam dugc sy bat can bang giita cac dai luong d6 dién tham va tir thAm nham cai
thién kha ning hap thu cta hé hat nano kim loai Fe, nghién ctru ctia chung t6i di tao tién dé& va mo
ra huéng nghién ctru tiép theo trong linh vuc nghién ctru tinh chat hap thu song vi ba ciia hé hat
nano t6 hop sat tir/dién moi.

6. San pham dao tao:

- Pao tao cac em sinh vién tham gia nghién ctru khoa hoc.
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- Gitp nang cao nang lyc nghién ctru cua chu nhiém deé tai va cac thanh vién. Giap cho cac
thanh vién tiép can véi mot hudng nghién ctu moi ve vat liéu hap thu soéng dién tir trong vung tan
sO vi ba.

7. Gia tri khoa hoc va wng dung ciia két qua nghién ciru:

- Vé gid tri khoa hoc: Trong qua trinh nghién ctru tinh chat hap thu song vi ba cua cac 16p
hép thu co ga‘in dé kim loai phﬁng, chung t6i da chirng minh dugc gia dinh vé su xut hién cua cac
dinh cong huong pht hop pha chi c6 thé quan sat duge trong cac mau co dé kim loai va day ciing 1a
phuong phap hiéu qua dé phan biét hai co ché cong hudng chinh xdy ra tai cac dinh hap thu 1a co
ché phu hop pha va co ché phu hop tré khang.

-Vé gid tri iing dung: D8 tai ¢ ¥ nghia dinh huéng tng dung trong nghién ctru co ban
vé vat liéu c¢6 kha nang hap thy manh séng vi ba, dac biét trong dai tan so radar, dinh hudng cho
cac ung dung trong cong nghiép dién tir, quoc phong va chong nhiéu dién tir.

8. Hiéu qua nghién ctru:

- Vé gido duc & dao tao: D& tai da truc tiép t6 chirc cho cac thanh vién va sinh vién tham gia
thuc hién cac ndi dung ctia dé tai. Nang cao nang lyc nghién ctru ctia chi nhi€m d¢ tai va cac thanh
vién tham gia.

- Vé kinh té - xa héi: Két qua clia dé tai co y nghia dinh huéng tmg dung trong nghién ciru co
ban.

Tom lai, cac két qua trén cho thiy dé tai da hoan thanh muc tiéu dé ra.
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HUONG PHAT TRIEN TIEP THEO CUA DE TAI

Trén co sé cic két qua thu dwoce clia dé tai, ching toi sé tiép tuc nghién ciru va phat
trién mgt so cong viéc nhw sau:

1. Tién hanh khao sat anh huong cua ty 18 khdi lugng Fe/paraffin va do day cia cac 16p hap
thu trén mot khoang thay doi rong hon nham tim ra ty 1 khdi luong ciing nhu d6 day 16p hép thu
t6i wu cho kha ning hap thu manh ning luong song vi ba trong khoang tan sb khao sat.

2. Nghién cttu va hoan thién cong nghé ché tao vat liéu v6i muc dich khong nhiing nang cao
kha néng hap thu ma con mé rong vung tan so hap thu cua vat liéu. B€ tu d6 dinh hudng cho céac
mg dung trong cong nghiép dién tir, quoc phong va chong nhiéu dién tir.

3. Tiép tuc khao sat kha ning hip thu séng vi ba cta hé hat nano t6 hop Fe/LSNO & cac ty
phén thé tich LSNO 16n hon véi hi vong cai thién dang ké sy bét can béng gilra cac tham so do dién
tham va tir thAm cua vat liéu va do d6 ting cudng kha ning hip thu cua chung.

Cic kién nghi
Pay 1a mdt hudng nghién ciru mdi va c6 rng dung hitu ich trong nghién ctru va dao tao, do

d6 chung t6i mong mudn kién nghi voi Quy phong KHCN & HTQT — PH Khoa Hoc va Ban Khoa
hoc — Cong nghé va Mbi truong, PHTN mét sé van dé nhu sau:

- Tiép tuc tao di€u kién cho can bg tré truong DH Khoa hoc dugc nghién ctru va tiép cén voi
cac hudng nghién ctru méi c6 ti€ém nang ung dung trong doi song.

- Tao diéu kién va ung ho dé chung t6i c6 thé tiép tuc duoc thuc hién cac hudng nghién ciru
trén nham nang cao duoc nang lyc nghién ctru va kha nang phat trién hudéng nghién ctru moi hira
hen dinh huéng ing dung trong k¥ thuét che chan song dién tir trong cong nghi€p ciing nhu trong
doi song.



