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TOM TAT

Céc ki thudt do thoi gian song po-si-tron (p05|tron) va dan né Doppler da duoc si dung dé
nghién ciru su anh hudng cia viéc cay sdt vao cdu tric ze-o-lit (zeolite) dén cdc ddc trung hity ciia
po-si-tron. Hai logi ze-o-lit chita sat da dwoc lua chon dé khdo sat: Vi xop cau tric logi A- 1a ze-0-
lit FER, va logi B Ia ze-o-lit SBA-15 ¢6 cdu triic mao qudn trung binh. Két qud cho thdy cdc ion st
trong ze-o-/it @4 |lam thay ddi cdc théng sé lién quan dén cwong dé, thoi gian song, sw ity ciia po-
si-tron véi cdc e-lec-tron (electron) hoa tri va e-lec-tron 16i.

Tar khéa: sy hiy cia po-si-tron, ze-o-lit, vat liéu trao ddi ion sét.
ABSTRACT

Studying the influence of iron ion in zeolites on characteristics of positron annihilation

Positron annihilation lifetime and Doppler broadening techniques were used to study the
influence of iron on the structural changes of zeolites to the characteristic of positron annihilation.
Two types of zeolite containing iron were chosen for the investigation: Type A-microporous
structure of FER zeolites, and Type B- siliceous mesoporous structure of SBA-15. The results show
that the presence of iron ions in zeolites has changed the parameters relating to the intensity,
lifetime, positron annihilation with the valence and core electrons.

Keywords: Positron Annihilation, zeolites, iron ion-exchanged materials.

1.  Gieithigu

Nhirng vat liu x6p c6 chtra st dugc dac biét quan tdm boi cac dic tinh doc déo cua
chling trong viéc xuc tac cho nhidu phan tng khac nhau, Hién nay, cac vat liéu xop chira
sat dang 1a d6i tugng nghién ciru chuyén sau cho viéc ng dung trong cac linh vic khac
nhau.

Ki thuat hay po-si-tron duoc sir dung cho viéc nghién cau céc vat liéu x5p c6 mao
quan trung binh. Qua trinh tuong tac ctua po-si-tron véi cac e-lec-tron tao ra cc or-tho-po-
si-tro-ni-um (ortho-positronium, dugc Ki hiéu 1a 0-Ps) ¢6 thoi gian séng dai. O-Ps dugc coi
la cong cu duy nhat dé nghién ciru kich thudc 16 rdng trong vat lidu x6p. Pho ké hay po-si-
tron (PAS) d4 duoc &p dung nhu mot cdng cu hiéu qua trong viéc khao sat cac vat lidu xop,
céc kénh va long trong tinh thé ze-o-lit [1,2,3]. Gan day, phd ké do thoi gian séng po-si-
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tron (PALS) duoc s dung dé xac dinh tinh chét cua sit va anh huong cua né dén nhiing
thay d6i cau trlic ze-o-lit chira sat va chira hdn hop sat vai mo-lip-den (iron-molybden) [4,
5]. Mot s6 két qua so bo caa nghién ciru vé anh hudng cua sat dén o-Ps trong vat liéu ze-o-
lit bang cach két hop cac phép do ctia PALS va phd ké mos-bau-er (Mossbauer) da dugc
duara [6].

Céc nghién ciu vat liéu mao quan bang PAS cho thdy c6 mot sy khac biét 1on trong
cac thanh phan va cach thic huy cua po-si-tron tir trang thai song ngan (0,13-0,4 ns) cua
pa-ra-po-si-tro-ni-um (parapositronium, ki hiéu Ia p-Ps) va po-si-tron tu do (e +) dén thoi
gian sng rat dai (142ns) cua 0-Ps [7]. Thong sé hay cua po-si-tron bang phuong phap dan
no Doppler (DBS) va PALS trong nghién ciu mau ze-o-lit phu thudc vao nhiéu yéu té nhu
cach thirc ché tao mau, su hién dién caa cac tap chét, su hap phu nudc, khi, v.v... PAS d4
chi ra rang céc tap chat c6 thé tac dong dén céc 0-Ps va rat ngan thoi gian séng cua ching.

Dé khao sat cac dic trung cua cau tric 16 vi md va vi mé trong ze-o-lit chira sat boi
PAS, ¢ day hai loai cu tric xop chtra sat da dugc lya chon. Loai tha nhét 1 cau trdc loai
16ng nho duogc két hop vai cac kénh dai dang zig-zag va dang thang, duong kinh 0,5 nm
[8]. Loai thir hai la chit mao dan trung binh SBA-15 c6 kich thuéc cua cac kénh I6n (4-6
nm), tuy nhién c6 d6 két tinh 3D yéu. Céc 16 nho (0,4 nm) van cé trong nhitng thanh cua 15

rong [9].
2. Thuc nghiém
2.1. Mdu do

Hai loai mau ze-o-lit c6 chira sit d& duoc lya chon dé khao sat va duogc trinh bay
trong Bang 1. Cac nhém mau nay tiéu biéu cho sy khac nhau vé ciu trac va kich thugc 6
mang ciing nhu qua trinh tong hop.

Bdng 1. Danh sach cac mau do va ddc tinh cia chiing

Loai Tén miu Si/ Fe (at) Si/ Al (at) Tai ligu tham khao
A A-Fe-FER 16 - [11]
A-(Al,Fe)-FER 64 24 [11]
5 B-Fe-SBA-15 100 - [13]
B-SBA-15 - -

Loai A: Gom cac mau ze-o-lit FER c¢6 cau tric mao dan trung binh, duong kinh kénh
la 0,5 nm. Cau triic cia cAc mau duoc tao ra boi céc 1ong c6 16 xit nhau va cac kénh hep
[10]. Chi tiét cua viéc tao mau va dic tinh caa cdc mau duoc md ta trong tai liéu tham khao
(cot thir 5 trong Bang 1).

Loai B: miu SBA-15. Pay la vat liéu xp trung binh chira mot hé thdng cac 6 mang
c6 duong kinh khoang tir 4-6nm va 16 rong véi kich thudc xac dinh trong khoang 2-50nm.
Céc kich thudc nay thay d6i tuy theo didu kién tong hop ching. Nhiét do tong hop cang
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cao thi kich thudc 16 rdng cang I6n va cac thanh Si-lic cang méng. Trong SBA-15, cac 16
nho 1a cau ndi giira cac 15 trung binh ké nhau. Mot phan cua cac 16 nho dugc tao thanh bai
cac 16 dong bén trong cac thanh cia SBA-15, va mat do cia no tuy thuoc vao nhiét do.
Trong mau Fe-SBA-15, sit dugc dua vao mau tinh khiét bang phuong phap khuéch tan ion
[11]

2.2. Cach thire do

Trong tat ca cac phép do PAS, ngudn po-si-tron da duoc kep giira hai miéng hinh dia
caa mau. Cac ngudn Na-22 d4 duoc sir dung cho ca hai phép do DBS va PALS. Bot ze-o-
lit dugc ép (0,3 GPa) vao dia c6 duong kinh 8-13 mm va d¢ day 1-1,5 mm. Trong phép do
PALS, ngudn Na-22 c6 hoat d6 thap (0,5-2 MBq) duoc kep giira hai phan mau sau d6 duoc
boc trong l& nhdm. Cac mau va nguon duogc dit trén gia d& mau trong mot budng chan
khéng lam bang nhém. Céac phép do dugc thuc hién & nhiét do phong.

Hé do PALS bao gdm mét bo tring phung nhanh - nhanh véi bo nhan quang XP
2020 URQ va dau do nhap nhay BaF,. Ctra s6 ning lugng d& duoc thiét 1ap rong dé cho
hiéu suat do cao va van cho d¢ phan giai thoi gian tét (250 ps FWHM véi ngudn Co-60).
Céc phé thu duoc bang bo chuyén ddi thoi gian sang d6 cao cia xung tin hi¢u. Cac dir liu
trén PALS dugc thu nhan théng qua céc khdi dién tir caa hing ORTEC va TENNELEC va
bo xtr Ii da kénh 16k Oxford Microfast trén may tinh. Céc gia tri thoi gian duoc hiéu chuan
cho cac thiét lap khac nhau dao dong tir 20,1 ps/kénh 1én d¢én 200,3 ps/kénh. Trong mdi
phé s6 dém tdi thiéu 1a 2,10°. Céc kénh thoi gian 1a 8192 (8K). Cac két qua dugc tim thay
bang cach ghi lai phd trong vai ngay va cac thi nghiém duoc lip di lap lai nham danh gia
kha ning 1ap lai cua thi nghiém va nang cao do tin cay. Viéc phan tich thoi gian song va
cuong do tuong d6i duge danh gia bang cach st dung phan mém LT v.9 [12].

Dbi v6i phép do DBS, céc sb liéu duoc thu nhan théng hé phan tich da kénh chuén
voi do HPGe Canberra c6 1,86 d6 phén giai keV (FWHM) tai nang lugng 1.28MeV cua
ngudn po-si-tron Na-22, dai ning luong duoc ghi trong khoang tir 40 keV-1.4MeV. Mdi
phd duoc ghi véi 6 trieu sé dém nham dam bao tinh théng ké cia phép do. S sai léch gitra
céc két qua phan tich phu thudc vao céc yéu té nhu tong sb dém cua phd, phan mém phan
tich ciing nhu diéu kién do.

3. Két qua va thao luan

Phép do PALS dé xac dinh 0-Ps duoc thuc hién trén tat ca cac mau. Phd minh hoa
dugc thé hién trong Hinh 1. Bé thé hién rd hon, cac s lidu phan tich duoc trinh bay trong
Bang 2. Trong phd PASL cho ze-o-lit, cac phd dugc phan tich doi hoi it nhat phai ¢6 bdn
thanh phan thoi gian sdng caa po-si-tron [14]: Thanh phan tha nhat lién quan vé sy huy
caa p-Ps, thanh phan thir hai lién quan dén sy huy cia e * ty do dién ra trong 16ng cau truc
nho va bén trong cum 15 rdng hoic trén bé mat caa ching. Thanh phan séng dai hon (1-4
ns) c6 thé la do boi sy huy cia cac 0-Ps bi bay trong céc 15 tréng c6 kich thudc mi-cro
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(microvoids) va trong mot sb khuyét tat mo (open-volume defect). Thanh phan séng lau
nhat (10 - 90 ns) 1a do sy haty ctia 0-Ps trong céac kénh dai cua ciu trdc mang [15].
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Hinh 1. Phé PALS ciia cAc mdu do FER (bén trai) va SBA-15 (bén phai).
Phé dwoc thu thap trong 8K kénh, ¢ dday chi minh hea trong 3000 kénh

Bdng 2. Két qua phan tich cia PALS cho cac ze-o-lit (s6 trong ngodc don hién th; sai so)

Mau (ns)  t(ns)  wa(ns)  Ta(NS) I1 (%) (%)  13(%) 1,(%)
AFe.FER 0.141  0.336 1.927 13460  36.40 61.47 1.66 0.46
e (0.005)  (0.002)  (0.024) (0.350)  (1.00)  (0.99)  (0.04)  (0.01)
A{ALFe)-FER 0.148  0.332 1736 13520  40.50 57.30 1.73 0.47
’ (0.004)  (0.002) (0.041) (0.500)  (0.83)  (0.83)  (0.05)  (0.01)
. . . . . . . 3.93
Brespags 0149 0247 3900 35320  26.90 68.40 0.77

(0.007)  (0.005)  (0.130)  (0.190)  (3.40)  (3.30)  (0.05)  (0.24)

0.149 0.287 3.434 51.186 28.22 48.61 1.37 21.79

B-SBALS 0002 (0002 (0.074) (0.098) (0.72)  (0.65)  (002)  (0.29)

Nhin chung cé4c s6 liéu trong Bang 1 cho thiy cuong d6 cua cac thanh phan thir hai
tang (I2) clng Véi sy gia ting ham luong sit trong tat ca cac mau: Tir 57,30% dén 61,47%
trong A-Fe-FER, va tir 48,61% dén 68,40% trong B-SBA-15. Diéu nay c6 thé duoc giai
thich: Nhu ¢4 mé ta trong cac nghién ciru trude day [7], trong ze-0-lit ¢6 cau tric 16 mi-cro
(microporous) c6 hai loai vi tri dé sit dwoc chira trong d6, day la khung thay thé
(framework, FW), khung ngoai (extra-framework, EFW). Do sy ting cic nguyén tir Sit nén
s6 lwong cua cac nguyén tir sit thay thé trong FW va sit dudi dang tinh thé 6 xit sit na-no
(iron-oxide nanocrystallites) chii yéu trong cac EFW dugc ting 1én. Didu ndy tao ra mot
mdi truong gidu cAc € nén lam ting xac suat hiry voi €', Can luu ¥ & day 1a su ting cua
cuong do I, lién quan vai giam ciaa cuong do |1 trong khi cac cuong do huy khéc (I va 1)
hau nhu khong thay ddi. Két qua ciing thé hién rang tong cac cuong d6 cua hai thanh phan
sbng dai (I3 va ;) khong vuot qua 2,2%. Thanh phan thi ba (I3) ¢ cudng dd6 manh nhat 1a
khoang 1,7%. Cac thanh phan c6 thoi gian song dai nhat (1) la chi khoang 0,5%. Cac dir
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lieu cho thay rang tac dong cua su hién dién cua st 1a khong rd rang vi cac cau trlc vi x6p
¢6 1ong nho va zig-zag, dong thoi cac kénh dai thang 1a kha day dac trong loai vat liu nay.
Hai thanh phan séng dai (13 and 14) cia loai A I1a ngin hon so véi cac loai B. Bdi véi loai
B, su hién dién cua sat hau nhu khong anh hudng dén thoi gian sdng cua ba thanh phan
dau tién, nhung c6 anh huong dén cuong do ls, dic biét d6i voi thanh phan thoi gian dai
nhat vé ca cuong do (15) va thoi gian song (t4). Céc thanh phan dai nhat c6 gia tri 51ns va
cuong do 22% trong cac mau khong cd sit B-SBA-15 giam xudng con 35 ns va 3,9%
trong sat c6 chira mau B-Fe- SBA-15. Hién tugng nay cd thé duoc giai thich: P6 la do sy
giéi han cua luong Fe thay thé cho Si da tao nén cac mang tinh thé na-no cua o-xit sat
trong c4c cau trac vo dinh hinh. Diéu nay tao ra hién twong dap tit o-Ps. Pay la mot Ii do
chinh 1am cho thoi gian song 1au nhat (t4) bi giam xuéng. O day, cac ion sit trong khudn
mang ciing tac dong nhu mot chat e ché c6 anh huong dén hai thanh phan cubi cua o-Ps.
Ngoai ra, st ciing c6 thé lam ting sy hap thu ciia nude trong ze-o-lit 1am anh huéng dén
thoi gian sdng cia 0-Ps. Nhin chung, céc tac dong cua sit trong sy hinh thanh va mat di
caa 0-Ps trong mau SBA-15 voi cau tric 16 16n hon dudng nhu 18 rang hon khi so sanh
trong cac mau khac. Cau hoi dat ra ¢ day la liéu cac yéu té dap tit va/ hoac tc ché o-Ps c6
thé duoc tao ra trong cau tric 15 1on 1a nhiéu hon hay khdng?.

D6i véi cac phép do DBS, cac thong sb S va W cho tat ca cac mau dugc dua ra trong
Bang 3.

Bdng 3. Két qud do ciia DBS

Mau S W
A-(AlFe)-FER 0.47004 0.03523
A-Fe-FER 0.46926 0.03302
B-SBA-15 0.50465 0.02111
B-Fe-SBA-15 0.49967 0.02240

NOi chung, ddi véi tat ca cac mau khi ham luong sat ting thi cac théng s6 S giam.
Tuy nhién, mac giam caa cac mau l1a khéc nhau. Gia tri caa S hau nhu khong doi trong
mau A va thay doi dang ké trong nhém B. Viéc thém sit 1am giam gia tri cua S. Diéu nay
duoc giai thich nhu sau: Do c4c e hoa tri cua lop vo 3d caa nguyén tir sit 1a khong day du,
chung c6 dong lrgng cao hon so vaoi cic e hda tri caa lop vo 3s trong nguyén tir Al va Si
nén Xac suat cua sy huy thap hon. Sy giam gia tri S ciing cho thiy sy giam kich thudc va
mat do cua cac 15 rdng trong cau tric caa mau ze-o-lit. Bén canh dé, su gia ting cua cac
nguyén tir sat tao ra mot moi trudng giau e”.

Céc s6 lieu trong Bang 3 cho thiy anh huong cua sit dén gia tri cia W 1a nho
(khoang 0,6%). Cling véi sy gia ting ham luong sét, gia tri W giam ¢ mau loai A nhung lai
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tang trong mau loai B. Cac két qua mau thuan nay d4 gay ra nhirng kho khin trong viéc
giai thich chiing va doi hoi phai c6 cac nghién ciru sdu hon.

Thang qua phd PALS va DBS, btc tranh vé s6 phan cua cac o-Ps trong mau loai B
6 vé 18 rang hon so vai cac mau khac. Diéu nay chi co thé duoc giai thich bai cau truc
khéng gian caa ching 1a du 16n dé cho céc 0-Ps duoc hinh thanh va tuong tac trong mot
cau triic mang chira sit.
4. Kétluan

Céc két qua cho céc cau tric vi xop cia loai A khong cho thay tuong quan dang ké
gitra vi tri mang chira céc i-on sit va o-Ps. Nghia 1a khong c6 kha ning danh gia sit duoc
chira trong FW hay trong EFW. Trong mau loai B ¢c6 mot méi twong quan nhét dinh giita
thoi gian séng cua 0-Ps vai cac cau tric 16 mao dan, mac d cau trdc tinh thé it hon. Diéu
nay ching to phuong phap huy po-si-tron c¢d thé cho thay sy thay doi thoi gian séng cua o-
Ps nhung khong cho thdy su twong quan nay véi vi tri chira sat trong mau ze-o-lit dwoc
bién doi chura st. Vi tri chira st ¢d thé duoc xéc dinh bang phuong phap phd ké Mos-bau-
er (Mdssbauer spectroscopy). Viéc ap dung cac phuong phap huy po-si-tron trong vat liéu
phirc hgp nhu ze-o-lit doi hoi phai c6 mot md hinh giai thich phac tap hon, trong d6 anh
hudng cua ca hai qué trinh e ché va dap tat caa viéc hinh thanh céc 0-Ps phai dugc xem
Xét.

Loi cdm on: Nghién ciru nay duwoc tai tro béi Quy Phét trién Khoa hoc va Cong nghé Quac
gia (NAFOSTED) theo hop dong s6 103.04-2013.11.
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