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TOM TAT
Phirong phdp phé thoi gian song cua pd-si-tron (positron) 1a mét trong nhing ki
thudt khong pha haiy hizu hiéu @é nghién cizu vt liu. Ze-6-lit (zeolite) 1a mét vt liéu hiru
ich trong nhiéu #ng dung thyc tién nho vao cdu tric dac biét véi nhiing hé thong 16 réng
c6 kich thuréc khac nhau. Trong nghién cizu nay, cac phép do phé thoi gian seng cia pd-si-
tron trong ze-0-lit Fe-MFI-100, ZSM-5, Fe-FER, LDH, Fe-SBA-15 duroc tién hanh. Cac két
qQud ban dau vé dac diém cdu tric bén trong ze-6-lit cho thay: thiz nhdt, cac ze-o-lit c6 ban
kinh khoang 0,254nm-0,419 nm doi véi |6 réng nhé va 0,747nm-1,238nm doi véi 16 réng
trung binh, trong dé 16 rong cia Fe-SBA-15 cé kich thuéc lon nhat (0,419nm va 1,238nm);
thi hai, trong ZSM-5, Fe-MFI-100 va Fe-FER mdr dé cua 16 réng nhé lém hon nhiéu so
Véi 16 réng trung binh, nhung trong Fe-SBA-15 thi nguoc lgi.
Tirkhoa: thoi gian séng pd-si-tron, ze-6-lit, cau trdc 16 rdng trong ze-6-lit.
ABSTRACT
Applying the positron annihilation lifetime spectroscopy to study zeolite material

The positron annihilation lifetime spectroscopy (PALS) is an effective non-
destructive technique for studying materials. It has been developed to find out the
structures of materials and obtained results with a high accuracy in many different types of
material. Because of the special structure with a network of different pores, zeolite is a
very useful material used for various applications. PALS was applied to probe this
structure of zeolite, particularly of Fe-MFI-100, ZSM-5, Fe-FER, LDH, Fe-SBA-15. The
initial results of the pore size in zeolites show that: first, the studied zeolites have radius of
pores from 0,254nm to 0,419nm for micro-pore and from 0,747nm-1,238nm for meso-pore.
The pores inside Fe-SBA-15 have the largest size with 0,419nm and 1,238nm; second,
about the density of these pores: for ZSM-5, Fe-MFI-100 and Fe-FER, the micro-pore
density is significantly higher compared with meso-pore density, conversely in Fe-SBA-15
meso-pore density is dominant.

Keywords: The positron annihilation lifetime spectroscopy, zeolite, structure of
zeolite.

1. Mé dau
Phuong phap phd ké thoi gian song ciia po-si-tron (PAS) 1a mot cdng cu hiru hiéu
trong viéc nghién cau ciu tric caa vat lieu. Vé6i dac diém 1a khéng pha hay mau,

"HVCH, Trwdng Dai hoc Khoa hoc Ty nhién, DHQG TPHCM
“TS, Trung tdm Hat nhan TPHCM
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phwong phap nay gitp ching ta tim hiéu hé thng 15 rdng vi md, cac tinh chét sdu bén
trong bé mat cua vat liéu xop hay kiém tra sai hong trong vat liéu. [1,6,7,13,14]

Ze-0-lit 1a vat liéu tinh thé x5p ¢ thang na-no ba chiéu véi thanh phan ciu tao baoi
nhdm (Al), Silic (Si) va Oxi (0). Ze-b-lit hap thu manh nuéc va cac cation nhu st,
kali, natri va nhiing ion duong khac nhau boi Kich ¢& cua cac ca-ti-on (cation) nay
trong duong véi cac 16 va kénh rdng trong ze-o-lit. Céc loai ze-o-lit mang sit (sau day
goi tit 1a Fe-zeolite) dang duoc nghién ctru dé sir dung nhu nhitng chét xtc tac phan
huy tryc tiép N,O trong cong nghiép khi d6t va dong co di-e-sel (diesel) [4]. Hon nita
n6 con cho phép phan huy va giam lugng N,O trong khi thai. Vat liéu Fe-ZSM5 - mét
loai ze-0-lit mang Fe tao ra bang phwong phap trao ddi i-on da dugc nghién ctu nhu
mot chét xtc tac dé 1am giam khi thai N,O. Chat x(c tac nay cho thay tiém nang 16n
trong phan hay truc tiép cuaa N,O [2, 3]. Bén canh d6, mét s6 loai Fe-zeolite nhur Fe-
BEA, Fe-Mordenite... ciing duoc nhiéu phong thi nghiém trén thé gisi nghién ctu.
Kha ning xuc tac cua cac Fe-zeolite dé xu If khi gay hiéu tng nha kinh dang tré thanh
mot linh vuc vira mang tinh hoc thuat cao vira cé tinh tng dung cép bach nhung cac két
qua nghién ciru chwa nhidu. Véan dé nay dang duoc quan tam bai cac trung tdm nghién
ctru va cac nha khoa hoc trong céac linh vuc hda hoc, vat Ii, vat liéu va méi truong v.v...
Ddi véi céac vat liéu, dic biét 1a vat liéu tinh thé na-no (Fe-Zeolite 1& mot minh hoa rd
nét) cac sai hong (vacancy, void...), cac thanh phan kim loai tap chat hay trang thai
kim loai ton tai do trao ddi ion hoac cdy bai chum hat trén may gia toc (implantation)
s& anh huong tgi phan bd cua cac e-lec-tron (electron) trong mang tinh thé. Biéu nay cé
thé dan dén thay ddi rat manh toi céc gia tri thong sb hay thu duoc tir cac phd ké PAS
[9-12]. Do vay, PAS trg thanh mot phurong phap tin cay cho nhitng nghién ciu cau tric
e-lec-tron, céc dang sai hong, trang thai kim loai, tap chét c6 trong vat liéu & kich thudc
bac na-no cua cac vat ligu mang tinh cong nghé cao. Véi chum tia po-si-tron nang
lwong thap, tat ca nhitng thong tin nay cé thé duoc khao sat & do nhay cao lién quan toi
nhitng tinh chat b& mat va vang gan bé mat, cac kénh (channel) va I6ng (cage) ¢ kich
thudc tr 0,1 t&1 hang trdm na-no met.

Viéc nghién ctu 156 rdng cha yéu dua vao su khéc biét Ion cua nhitng céach thirc
huy p6-si-trdn trong ze-0-lit, dac biét la sy dong gép quan trong cua trang thai po-si-
tré-ni-um (positronium-Ps). Trang thai nay rat dé dang hinh thanh khi po-si-tron di vao
trong cac vat liéu xdp va su hay cua né thi bi anh huéng bai tinh chat 1f hoa caa moi
truong. CO hai loai Ps c6 thé dugc tao thanh trén duong di cuia po-si-trén 1a pa-ra-Ps (p-
Ps) va or-tho-Ps (0-Ps). Trong cac nghién ciru vat liéu ze-6-lit, thoi gian séng cua o0-Ps
thudng duoc sir dung dé danh gia kich thudc cua 16 rong bén trong ciu trac vat liéu.
Bén canh d6 tir cuong do tuong (ng Véi cac gia tri thoi gian sdng ta co thé du doan
dugc mat do 16 réng trong ze-6-lit, mat do cang cao thi o-Ps bi bay chiém ti 1 cang
cao.

Sy twong quan giita kich thudc 156 réng va thoi gian song thdng qua mo hinh thé
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tich tu do (Free Volume Model) duoc dé xuat dau tién boi Tao [16]. Theo md hinh nay,
nhiing thanh phan thoi gian sbng dai nhat cua phd thoi gian sbng pd-si-tron (thoi gian
séng cua 0-Ps) twong quan vai thé tich ty do trong vat liéu ¢am dac duoc xac dinh boi
cbng thac [3]:

i=/12y=2>{1— R +isin( 2R ﬂ

T; R+AR 27 R+AR 1)
Trong d6, AR 1a thdng s tinh toén tir thuc nghiém va AR=1,66 A°, 7;: thanh phan thoi
gian sdng dai thir i (vai i = 3 va 4 trong két qua nay). Ay, hang sé phan ra 2y.

Cong thuc trén chi dung ddi vai nhing 15 rdng ¢ béan kinh nhé hon 1nm. Pé tinh
toan gia tri ban kinh chinh xac hon cho I8 rong ¢ ban kinh Ién hon 1nm , cong thic
(1) can dugc dua thém vao su dong gop cua viéc huy phat ba y véi thoi gian song
khoang 140ns va tro thanh [3]:
iz/lzy + 2, =2>{1— R +isin( 27R J:|+i
T, R+AR 27 R+ AR 140

(2)

Nhiéu nghién ctru xa sau hon vé ze-6-lit ciing d4 duoc tién hanh nhu viéc kiém
tra anh huong cua Fe 1én ciu tric ze-6-lit [5], xac dinh d6 day caa nhirng thanh 15 rdng
ze-0-lit thdng qua sy khac nhau giita thong s6 6 va kich thuéc 16 rdng [15], hiéu chinh
su khac nhau vé& hiéu suat caa viéc ghi phan ra 2y va 3y [8].

Bai bao nay trinh bay két qua do phd thoi gian song véi muc dich tim hiéu vé
kich thudc cac 15 rdng trong hé thong mao quan dong déu va rat trat ty ton tai bén trong
ze-0-lit.

2. Thuc nghiém

Vat ligu

Ba loai vt liéu 1 rong duoc chon dé khao sét:

Loai A: vat liéu 16 rong nhé (microporous) ZSM-5, Fe-MFI-100, Fe-FER (duong
kinh kénh 0.5nm), c4u tric bao gdm cac khung 15 rdng chat ch& va cac kénh hep.

Loai B: Hai I6p Hydro-xit (LDH): Loai c4u triic nay thi day dic hon loai trén- céc
ion sit két hop chit ch& & bén trong — gitta cac 16p bru-xit caa cdc mang tao thanh —
gidng cau tric cua hidro-tanxit.

Loai C (Fe-SBA-15, SBA-15): SBA-15 la loai vat liéu c6 cau tric 1 rdng trung
binh s& hitu mot mang luéi caa nhitng kénh va nhitng 16 rong voi kich thuéc trong
khoang 2-50nm, duong kinh cua cac kénh khoang 4-6 nm, tinh thé 3D thi khdng rd
rang trong cac thanh 15. Trong vat liéu Fe-SBA-15, sit duoc chén vao chd phan tan ion
caa ludi silic-oxit trong cau tric SBA-15.
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Hé do

Phuong phép hay pd-si-tron (LT) sir dung ngudén Na-22 c6 hoat d6 thap (0.5-2
MBq). Mot may do phd tring phing nhanh-nhanh dugc trang bi véi b nhan quang
XP-2020-URQ va cé4c chat nhip nhéy BaF, va NE111. Céc ctra s6 ving ning lwong
rong duoc thiép lap dé vira ¢ hiéu suit cao, van cho do phan giai thoi gian tét (250 ps
FWHM d6i véi Co-60). Phé thoi gian sdng thu duogc nho su chuyén thoi gian do dugc
thanh chiéu cao cua xung, trong trudng hop st dung ddng thoi hai bo cho phép thiét lap
khoang thoi gian khac nhau mot cach dong thoi. Chudi dit liu thu thap duoc trén phé
hity pé-si-trén bao gdm cac don vi tiéu chuan ORTEC va TENNELEC. Thé nhé may
tinh da kénh vi-nhanh Oxford 16k dugc s dung dé thu thap di liéu. Céc gia tri hiéu
chinh thoi gian dwoc thiét 1ap thay doi gié tri tir 20.1 ps/ch dén 200.3 ps/ch. Thoi gian
sbéng va cuong do huy caa po-si-tron dugc xac dinh bang chuong trinh LT v9.

Bot ze-6-lit dugc nén vai &p luc 0.3 GPa trong cac dia c6 duong kinh 8-13 mm va
bé day 1-1.5 mm. Trong nghién ctu LT, cac vat liéu duoc chuén bi va sap xép sao cho
ngudn Na-22 duoc dit gitra hai tim Al. Vat mau duogc dat vao mot tim d& bang nhom,
c4c thi nghiém duoc tién hanh trong méi truong chan khong o nhiét d6 phong. Kha
nang 13p lai tot phép tinh céc két qua LT dat duoc bang céach ghi lai phd trong nhiéu
ngay va lap lai cac thi nghiém.

3. Kétqua va thao luan

Phé thoi gian séng po-si-trdn thu nhan duoc tir viéc do 5 mau duoc tién hanh
phén tich bang chwong trinh 1am khop LT v.9, viéc 1am khap c6 thé tién hanh véi 1, 2,
3... thanh phén thoi gian song. Theo cac két qua nghién cau vat ligu ze-6-lit d4 duoc
cong bd thi viéc 1am khép phii hop thudng doi hoi it nhat 4 thanh phan thoi gian séng
trong dé: 0,2-0,5ns ¢6 thé quy cho sy hay cua p-Ps va e* ty do, 1-4ns ddi véi 0-Ps c6
thé bi by trong nhitng 15 rdng nho (microvoids), 10-90ns c6 thé dic trung cho o-Ps
hiy bén trong céc kénh cua ze-6-lit, 100-135ns c6 thé trong tng cho sy huy caa 0-Ps
trong nhitng 15 tréng 16n hon. [8]

Két qua phan tich dugc trinh bay trong Bang 1, cac gié tri thoi gian séng nam
trong pham vi tir 0,114-35,320ns. Két qua cho thiy c6 thé chia cac thanh phan thoi gian
séng thu dugc thanh 3 nhom sau: 0,114-0,336ns do su huy cua p-Ps va e” tu do (hai
thanh phéan ., 1,), 1,680-3,902ns dbi v&i 0-Ps bi by trong nhitng khoang rdng nho la
nhiing khung ze-6-lit nho (thanh phan t3) va 13,490-35,320ns c6 thé twong ng Voi su
huy cua po-si-tron trong nhiing 15 rdng trung binh (mesopores) (thanh phan t).
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Bdng 1. Két qua gid tri thoi gian song va cuong dg twong 1ng ciia C4C mau

Mau ZSM-5 Fe-MFI1-100 Fe-FER LDH Fe-SBA-15
7,(ns) | 0,114£0,001 |0,129+0,001 |0,161+0,005 |0,128+0,007 | 0,149+0,006
To(ns) | 0,261£0,001 | 0,252+0,001 | 0,336+0,003 | 0,189+0,008 | 0,247+ 0,005
13(ns) | 1,700£0,022 |2,217+0,020 | 1,929+0,038 | 1,680+0,034 |3,902+0,098
14(ns) | 23,500+ 0,370 | 18,680+ 0,530 | 13,490* 0,550 | 29,530+ 0,980 | 35,320+ 0,150
1,(%) | 32,151+0,065 | 44,860+ 0,590 | 36,500+ 1,200 | 41,200+ 7,000 | 26,900 * 3,000
1(%) | 63,690+0,075 | 53,140+ 0,590 | 61,400+ 1,200 | 56,700+ 7,000 | 68,400+ 2,900
13(%) |3,227+0,074 |1,508+0,023 | 1,662+0,048 | 1,100+£0,150 | 0,769+ 0,044
14(%) | 0,932+0,007 | 0,489+0,0095 | 0,460+0,014 | 1,000+£0,140 |3,930+0,220

Bang 1 cho thay cuong d6 tng véi thoi gian sdng thudc nhom dau tién chiém mot
ti 16 rat cao so vgi hai nhdm con lai. Diéu ndy cé nghia la da s6 po-si-tron khi di vao
mau s& huy ty do hay huy dudi trang thai p-Ps va chi mot phan nhé dudi 5% pd-si-tron
s& huly ¢ trang thai o-Ps. Bén canh do, hai thanh phan dai nhat duoc dung dé dénh gia
kich thudc va mat d6 16 rong hién dién bén trong cau tric ze-d-lit.

Thoi gian sdng caa o-Ps trong chan khong rat dai khoang 140ns trong khi gia tri
thoi gian séng cua trang thai o-Ps thu duoc tir 5 mau ze-6-lit nay chi nam trong khoang
1,680ns — 35,320ns. Nguyén nhan lam giam thoi gian séng caa o-Ps la do trong vat
chat dam dic, o-Ps twong tac véi nhitng é-lec-trén cua phan tir va nguyén tor xung
quanh, didu nay rit ngin thoi gian sbng cia 0-Ps va phét ra hai y thong qua qué trinh
duoc goi la sy huy dap tat (“pick off”).

Theo cong thirc (1) va (2) ban kinh 15 rdng twéng tng vai hai thanh phan thoi
gian sdng dai nhit t; va 1, da duoc tinh va duoc trinh bay trong Bang 2.

Bdng 2. Két qua ban kinh 16 réng nrong img véi hai thanh phan 7, va z,.

Mau 3(NS) rz(nm) 74(ns) r,(nm)
ZSM-5 1,700 0,256 23,500 1,012
Fe-MFI-100 2,217 0,305 18,680 0,856
Fe-FER 1,929 0,279 13,490 0,747
LDH 1,680 0,254 29,530 1,131
Fe-SBA-15 3,902 0,419 35,320 1,238
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Do thi twong quan ban kinh va thoi gian song
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Hinh 1. D6 thi tiwong quan giira ban kinh va thei gian song 7

Do thi twong quan bén kinh va thoi gian song
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Hinh 2. D6 thi tiong quan giiva ban kinh va thei gian séng z,

Anh huéng cua céu tric 15 rdng phan anh rd rang qua gié tri thoi gian song dai
khac nhau cua cac mau, ddi véi 16 rong kich thudc cang lén thi cang gitr cho o-Ps ton
tai trong n6 1au. So sanh cac gia tri 5 va 1, ta ¢ thé nhan xét dinh tinh rang kich thudc
caa 16 réng nho va trung binh caa mau Fe-SBA-15 1a 16n nhat trong 5 mau. Hay néi
cach khac, do Fe-SBA-15 c6 kich thudéc 16 rdng Ion nhét 1am cho thoi gian séng cua o-
Ps trong n6 ciing 16n hon nhiéu so véi cac mau con lai. Viéc xem xét gia tri cac béan
Kinh ry var, s& gitip ta dinh luong rd rang hon kich thuéc cia cac loai 16 rdng ung voi
timng mau.
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Giita ban kinh 15 rdng va thoi gian sbng cua po-si-tron ¢ mdi quan hé tuong
quan Ian nhau. Méi twong quan giita ban kinh va thoi gian song caa hai thanh phan dai
nhét duoc biéu dién qua d6 thi ¢ Hinh 1 va Hinh 2.

Tir d6 thi ¢ Hinh 1 va 2, ta nhan thiy thoi gian séng cua o-Ps tang theo ban kinh
caa 15 rdng, ban kinh cang Ion thoi gian sdng cua 0-Ps trong vat chat cang dai. Va
trong tat ca cac mau ze-6-lit thi SBA-15 khong nhitng cd mat do ton tai cac loai 16 rdng
trong cau tric ze-6-lit cao ma kich thudc ciing Ién hon so véi cac ze-6-lit khac. Riéng
d6i véi LDH ¢6 béan kinh 15 rdng nho nhét nhung 16 rdng trung binh cia né thi 16n hon
S0 Véi cac ze-0-lit loai A.

Céc két qua phan tich cua PAS ciing chi ra sy khac biét rd rét vé do rdng cua cac
ze-0-lit khac nhau ciing nhu s ¢6 mat caa thanh phan sit trong cau tric caa cac ze-6-
lit. Tuy nhién, cac két qua nay chi c6 tinh twong ddi khi so sénh tinh chat va ciu tric
cua cac ze-o lit khac nhau. Pé c6 thé danh gia dinh lugng kich thudc do rong bang
phuong phap PAS can ¢ cac nghién ciru sau hon trén co s so sanh voi cac két qua
nghién ctu biang cic phwong phép TEM, xic dinh tinh thé bang tia X (X-ray
crystallography).

4.  Kétluan

Phé thoi gian sbng pd-si-tron 1a mot ki thuat co thé sir dung cho viéc nghién ciu
nhiing 15 tréng nho va nhing tinh chat bén trong bé mat nhiing vat lidu x6p. Két qua
thoi gian sdng thu dugc tir phuong phap nay sé phan anh kich thudc 16 rdng bén trong
vt liéu ze-6-lit. Bén canh do6, sé luong 1 rdng trong vat lidu ze-6-lit s& dugc phan &nh
qua cuong do tuong tng. Do d6 tir cac két qua thoi gian sdng va cudng do tuwong tng,
ta c6 thé két luan rang: céc loai ze-6-lit trong nghién ciru déu cé nhitng sai khéc vé cau
tric 16 rdng tir kich thudc cho dén mét do. Trong d6, mau loai C (SBA-15) chira nhiing
15 réng véi kich thudc va mat do 16n hon nhidu so véi mau loai A va B.
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