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TOM TAT

Nghién ctiu hién tai khdo sat anh hudng ctia moi trudng khi va nuéc hdp phu dén qua trinh hay
dap tat thai gian séng ortho-positronium (0-Ps) trong zeolite Silicalite-1 va ZSM-5. Két qua cho thay
cac thanh phan thai gian séng ngén (11, T2, T3) it bi anh hudng, trong khi cac thanh phan thai gian
s6ng dai (T4, Ts) va cudng dd hay (4, Is) thay déi déang ké theo méi trudng khi. Bén canh do, chan
khong la diéu kién t6i uu dé phan tich cau tric réng, trong khi khéng khi lam giam déng ké nhat
thdi gian séng do su dap tat clia O,. Cac khi tra nhu Ar va Ny ¢ &nh hudng thdp hon va c6 thé
dugc st dung thay thé néu khong co diéu kién chan khong. Anh hudng clia nudc hap phu dugc
xac dinh qua ba giai doan nhiét dé sdy, tdc dong chl yéu dén thanh phan 75 va ls. Cu thé, dudi
200°C, nudc con trong mau lam gidm thai gian séng clia o-Ps. & 200°C - 250°C, nudc thodt nhanh
khoi 16 x8p, dan dén su gia tang dang ké clia 75 va Is. Khi nhiét do vust 250°C, nudc gan nhu bi
loai bd hoan toan va cac thong sé nay dat trang thai bdo hoa. Hon thé nia, zeolite Silicalite-1 cé
thai gian séng va cudng dé hily 0-Ps cao han zeolite ZSM-5, phan anh su khac biét vé kich thudc
va mat dé 16 x6p trung binh gilra hai loai vat liéu nay. K&t qua nghién céu nhdn manh tdm quan
trong clia méi trudng trong phan tich cdu tric zeolite, trong dé chan khong la lua chon t6i uu dé
dam bao d6 chinh xac ctia két qua do va can kiém soat anh hudng clia nudc hdp phu dé tranh sai
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léch trong phan tich cau trdc x6p.

Tu khoa: Silicalite-1, ZSM-5, 0-Ps, Ar, N,, nudc hap phu

GIGI THIEU

Zeolite 1a vat liéu tinh thé c6 tén goi héa hoc chung
la aluminosilicate v6i cac ddc trung co ban lién quan
dén d¢ x6p, réng & kich thudc vimé (tit A cho téinm).
Zeolilte dugc hinh thanh bai lién két ctia cdc cu trac
ti dién TOy, trong d6 T la cac nguyén té si-lic (Si) va
nhom (Al). Cong thiic hda hoc va cdu tao clia zeolite
¢6 thé dugec mo ta don gidn nhat béi ba thanh phin
nhu sau ':

Mm - [Si1_,AlL,0,) - nH0
+ 1 , 1
Goc dién tich duong Khung cdutrlc — Pha hdp phu

Céc zeolite c6 ti1é Si/Al tit 10-100 dugc goi la zeolite Si
cao. Hai trong s6 cac zeolite dugc biét dén nhi€u nhat
trong loai nay la zeolite ZSM-5 va Silicalite-1 (Hinh 1).
Tinh chét bé mit lién quan dén thé tich rong va x6p
cua vét liéu zeolite la chi d€ thu hut cac nghién ctu
trong d6 cé phuong phap hiy positron trong nhiéu
thip ky qua. Cac nghién ctiu nhu vy phan l6n tap
trung vao sy hlty positron va sy hinh thanh ctia os-
itronium (Ps) trong céc kénh, 16ng, 16 x6p va céc sai
héng mangz.

V& mat vat ly, khi mot positron (phén hat ctia electron
dugc phat ra tit mot nguén dong vi phéng xa) di vao

trong vat liéu, n6 nhanh choéng bi nhiét héa cho dén
khi can bang nhiét v6i moi trudng trude khi khuéch
tan vao trong cac ciu tric khac nhau (Hinh 2). Trén
quang dudng khuéch tan, positron ¢ thé huy truc tiép
v6i céc electron d€ phét ra 2 tia gamma (2y) ngugc
huéng. Positron c6 thé lién két véi mot electron dé
hinh thanh Ps trugc khi bi bay tai cdc sai hong ciu tric
va cac 16 x6p>. Ps ton tai & hai trang thai cta spin d6
la S =0 (spin d6i song) goi 1a para-Positronium (p-Ps)
véi thoi gian s6ng 125 ps va S = 1 (spin song song) goi
la ortho-Positronium (o-Ps) c6 thoi gian séng cuc dai
trong chan khong 1én dén 142 ns trude khi ty phan
ri3. Trong moi trudng chan khong va vat liéu dam
dac, p-Ps va 0-Ps c6 su khéc biét vé dac trung huy. p-
Ps lu6n huy va phét ra 2y ngugc hudng cé nang lugng
gan bang 511 keV. Trong khi d6, 0-Ps c6 thé tu phan
rd phét 3 y trong chan khong hodc phat 2y thong qua
qua trinh hay dép tat (hay pick-off) khi o-Ps tuong
tac v6i mot electron ctia moi truong vét liéu 34 Qua
trinh huy dap tit ctia mot o-Ps v6i mot electron trén
thanh 16 x6p (hay moi trudng chét khi chiém trong 16
x6p) 1a qua trinh tuong tic trong d6 o-Ps ban dau véi
spin song song bi chuyén thanh d6i song va phan ra
phét 2 gamma ngay sau do.

Trich dan bai bao nay: Anh Tuyén L, Thi Hué P, Thi Ngoc Hué N, Thi Hai Ha D. Qua trinh hay dap tat cia
ortho-positronoum trong zeolite ZSM-5 va Silicalite-1 dugi anh huéng ctia méi trudng khi va nuéc
héap phu. Sci. Tech. Dev. J. - Nat. Sci. 2025; 9(4):3466-3472.
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Déi v6i cac vat lidu x8p v6i nhiéu cdu tric réng nhu
zeolite ZSM-5 va Silicalite-1, xac suat hinh thanh o-Ps
14 r4t16n so véi cac vét liéu kim loai hay oxit. o-Ps khi
bi bay trong thé tich rong ctia zeolite sé dinh x1 cao
trudc khi hity dap tit &€ phat 2y hodc ty hity phat 3 y2.
Qua trinh nay lién quan dén sy chdng chép ham séng
ctia 0-Ps va electron trén tudng 16 x6p. Khi kich thuée
ctia thé tich réng ting sé lam gidm xdc sudt tuong tac
clia 0-Ps véi céc electron trén tudng 16 x0p, lam ting
thoi gian séng ctia 0-Ps. Néu kich thudc réng ctia ze-
olite 1a du 16n (vai trdm nm, theo tiing hinh dang 16
x6p), thoi gian séng ctia 0-Ps c6 thé tiém cén véi thoi
gian song cuc dai trong mai truong chan khong hoan
toan (142 ns) trude khi tu phéan ra (hién tugng bao hoa
thoi gian séng positron) . Khi kich thudc ctia 16 x5p
nho hon, qua trinh hay dép tét sdy ra, thoi gian séng
ctia 0-Ps bi rtt ngén lai so v6i thaoi gian séng cuc dai
va phu thudc vao kich thudce ctia 16 x8p. Do dic diém
nay, thoi gian séng cua o-Ps dugc st dung trong do
dac kich thudc ctia cac 16 x5p vi m6 va trung binh 3=,
Trong thuc nghiém, moéi trudng khi trong cac16 x6p 1a
mot trong s6 cac yéu t quan trong anh hudng dén két
qua do dac thoi gian séng positron®. Déi véi zeolite
nhu ZSM-5 va Silicatilte-1, vat liéu c6 hé thong kénh
réng md, moi trudng khi c¢é thé chiém day cdc khong
gian rdng néu nhu kich thudc cta phan ti khi 1a du
nho. Mot s6 loai khi tro thuong hay st dung trong
nghién ctu vat liéu x6p nhu N, va Ar cing c6 thé
di vao viing khong gian kénh va 16ng cta khung cdu
truc zeolite v6i cac dp sudt khac nhau ctia diéu kién thi
nghiém. Sy c¢é mat ctia cac khi tro va khong khi méi
trudng c6 thé anh hudng manh dén thdi gian s6ng
positron thiyc nghiém’. Cu thé, sy khac biét vé mat
do electron héa tri va tinh chét tit ctia khi tro so véi cac
khi khac din dén sy khac biét trong qua trinh tuong
tac clia ching véi o-Ps. Do d6, d6i véi cac nghién ctiu
sti dung phd ké thai gian séng huy positron (PALS),
viéc hiéu va danh gid anh hudng ctia cdc moi trudng
khi tro va khong khi dén thoi gian séng positron thuc
nghiém 13 quan trong va cin thiét.

Bén canh tic dong cta khi tro va khong khi, trong
thuc nghiém nghién citiu cdu tric zeolite ZSM-5 va
Silicatilte-1 bang do dac thoi gian séng positron, anh
hudng ctia nudc hdp phu tit mai trudng téi cic thé
tich rébng m& khéc 1a rat 16n. Nudc vé6i thanh phin
hoéa hoc chita O gy nén qué trinh hay dép tit cta
o-Ps. Eldrup va cong su da bdo cdo vé€ thoi gian sdng
positron trong nudc ¢ 1,86 ns®. Mat do ctia nude bi
hép phu cang 16n, phé thoi gian séng positron thuc
nghiém cang thu hep va tham chi dép tit hau hét cac
trang thai ctia o-Ps séng dai®. Do véy, khi 4p dung phé
ké thoi gian s6ng hiy positron nghién ctiu cdu truc

zeolite ZSM-5 va Silicatilte-1, dnh hudng clia nudc bi
hép phu can phai dugc khéo sat

Trong nghién ctiu nay, d€ hiéu r6 dugc cac anh hudng
ctia mdi trudng khi dén thoi gian séng positron, cic
mau zeolite Silicalite-1 thuong mai da dugc tién hanh
do dac trong diéu kién mai trudng khong khi, khi N,
Ar va chan khong. Bén canh d6, anh huéng ctia nuéc
hép phu dén thoi gian s6ng positon trong cdc mau
nay ciing dugc khao st biang cach sdy cac mau zeolite
Silicalite-1 va ZSM-5 trong mdi truong chan khong &
cac nhiét do khic nhau (80°C - 300°C) d€ tach nudc
khoi zeolite trudc khi thi nghiém. Cac két qua cua
nghién ctiu cung cip cac théng tin quan trong cho viéc
chuén bi va xtt Iy mau trudc khi tién hanh cac nghién
ctiu sau vé cdu truc cla zeolite ZSM-5 va Silicatilte-1.

Hinh 1: C4u trdc rong clia zeolite ZSM-5 va Silicalite-
1: (a) mat cat cau trac; (b) mat cat cla cac kénh
réng vi mo; (c) hé théng kénh réng vi mé 2 chiéu
[9]. Trong minh hoa nay, zeolite ZSM-5 va Silicalite-
1 cling dugc hinh thanh véi cau tric MFI chung?
trong d6 ZSM-5 ¢6 ti lé Si/Al thay ddi (khoang tur
16 dén vai tram) va Silicalite-1 c6 ti 1& Si/Al bang vo
cuing (100% Si lién két véi O trong cong thic 1).

z =
— ® Lo rong
. N Ps ’
e ./ spur ) ./' \ a—.Ps Y
Huiy Pick-off
Sty hinh thinh Ps Nhiét héa @ Huyhiee

&” (Ore)

R
e) = @
a-Ps

Hinh 2: Positron va o-Ps trong vét liéu réng, x6p 3.

THUC NGHIEM

Céc mau zeolite ZSM-5 va Silicatilte-1 thuong mai
(cung cép boi hing NK Chem) dang bot, kich thuéc
hat dudi 1um da dugc sti dung trong qua trinh khéo
sat. Hé ph6 ké thoi gian s6ng htty positron v6i phan
giai thoi gian 210 ps da dugc st dung cho qué trinh
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nghién ctiu. Cuy thé, mét ngudn 22Na (hoat dd < 20
uCi) dugce bo tri dang sandwich gitia 2 vién mau ze-
olite nhu nhau (0.08 g/vién mau). D6i v6i thi nghiém
khao sat anh hudng cta khi tro va khong khi, qud
trinh thi nghiém dugc tién hanh trong 4 moéi truong
khéc nhau bao gébm khong khi (dp sudt khi quyén),
N», Ar (ap sudt 2 atm) va chan khong (10~* Torr) trén
mau Silicalite-1. Ngugc lai, d6i véi cac thi nghiém
nghién ctiu anh hudng cta nudc hdp phy, qua trinh
xtt Iy mau trong hé gia nhiét chan khong da dugc thuc
hién cho tiing cip mau ctia cd ZSM-5 va Silicalite-1 &
nhiét d¢ ti 80°C dén 300°C trong 10 gi¢. Phd thoi
gian séng positron dugc théng ké véi s6 dém 16n hon
2x10° s8 dém cho méi phép do va dugc ldp lai 3 1an
cho mbi thi nghiém. K&t qua thdi gian s6ng positron
dugc phan tich thanh 5 thanh phan sau khi da téi vu
tat ca cac thong s6 phan tich trén phdn mém TL (ver-
sion 9.0) 1. Chi tiét hon vé qua trinh thi nghiém va
phén tich cé thé tim thiy trong cong bé trudc do cha
chiing t6i vé zeolite ZSM-5'1.

KET QUA VA THAO LUAN
Anh huéng cia méi truong khi
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Hinh 3: Phé thdi gian séng positron clia mau
Silicalite-1 trong m6i trudng khong khi, Ny, Ar va
chan khéng.

Hinh 3 va Bang 1 thé hién phéan b6 thoi gian séng
positron va cac két qué phén tich trong méu zeolite
Silicalite-1 & mot s6 moi trudng khéc nhau. Két qua
cho théy céc thanh phén 7y, 72, 73, hdu nhu khong
bi anh hudéng béi cac moi trudng khac nhau. Thanh
phén 73 c6 gid tri ¢& 1,78 ns, tuong ting véi thoi gian
séng ctia positron trong cac 16 x6p vi mé trong zeolite
Silicalite-1'2. Thanh phin 7 4 vi 75 thay d6i nhiéu
d6i v6i cdc moi trudng khac nhau va lién quan dén sy
hay ctia o-Ps trong cac 16 x6p trung binh, dédc biét 1a
gitia diéu kién chan khong va khong khi.

Céc két qua cho thdy thanh phén thoi gian song 74
va Ts5 va cac cudng do hay tuong tng I va I5 ting

lan lugt theo thid tu ctia cac moi trudng khong khi,
Ar, Ny va chan khong. Trong moi trusng khong khi
vOi sg ¢ mit cia Oy, qua trinh hay dép tét say ra da
lam gidm manh nhét thoi gian s6ng va xac suét hay
clia 0-Ps 2. D&i v6i moi trudng Ar va Np, qua trinh
dap tat o-Ps say ra cham hon so v6i moi trudng khong
khi do chiing déu 1a khi tro!3. T8c do hay dap tit
ctia 0-Ps trong méi trudng khi O manh hon dang ké
0 vdi céc khi tro nhu Ar va N, ¢6 thé gidi thich chu
yéu do su khac biét vé dic diém cdu tric dién ti va tu
tinh ctia phén tt khi. Phéan tt O, c6 hai electron don
1é (khong ghép cdp) ndm trong quy dao dong lugng
(orbital) chong lién két %, lam cho O3 ¢6 tinh thuan
ti va dé dang tao tuong tac spin vé6i o-Ps, tii d6 lam

ting x4c suit xay ra qua trinh hay dap tit'41°

. Bén
canh do6, mét do electron hoéa tri cao cuia oxy nén o-
Ps dé dang tiép cén va tuong tac gan vdi phén tit O;.
Trong khi d6, Ar va N; 1a cac khi trg, déu c6 cdu hinh
electron bao hoa va khong c6 electron chua ghép cap,
dan dén mat d¢ electron tu do thip hon tai viing tuong
tac do d6 lam gidm hiéu qua cta qua trinh huy dap
tit1°. Ngoai cac két qua trén, cic phan tich con cho
thdy, trong moi truong chin khong, thoi gian sdng 74
tuong ting v6i 16 x8p ¢6 ban kinh trung binh ¢ 0,5
nm, thoi gian s6ng 75 ing véi 16 x6p trung binh ban
kinh ¢& 13 nm!°. So v6i qua trinh hity trong chan
khong, ca ba moi truong khi déu lam gidm manh cac
thoi gian séng 74, T5 va cac xac sudt huy I 4, Is cla
0-Ps

Nhu véy, trong nghién ctiu cdu tric zeolite bang PALS,
moi truong chan khong la t6i vu nhét cho phan tich
xdc dinh cdu tric rong cua vat liéu. Khi khong dam
bao di€u kién thi nghiém véi moéi truong chan khong,
cac mdi trudng khi Ar va N, nén dugc uu tién cho
thi nghiém theo thu tu thay cho méi truong khong
khi nhung cén tinh todn dén anh hudng ctia cdc méi
truong nay dén két qua do dac.

Anh huéng cia nuéc hdp phu

Hinh 4 thé hién phd thoi gian sdng ctia positron trong
cdc mau ZSM-5 & cac nhiét do sdy khéc nhau. Do
cac thanh phan thoi gian séng 7;, T2, 73, T4 gan nhu
khong bi thay d6i nén trong khdo sat nay chung toi
chi xem xét dén thanh phéin séng dai 75 va cudng
d6 huy tuong ting Istrong Bang 2. Cén luu y ring,
khac v6i cac thi nghiém khao sat trong moi trudng
khi, anh hudng ctia nudc hip phu trong nghién ctiu
nay chi tac dong dén cic thanh phan 75 va Is. Nguyén
nhan cua hién tugng nay la do vét liéu zeolite ZSM-
5 va Silicalite-1 ¢6 tinh khéng nudc cao, khién nuéc
khé x4m nhép vao hé vi x6p. Trong do, Silicalite-1 do
khong chiia cation nhém nén c6 do khang nuéc cao
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Bang 1: Thai gian séng va cudng dd hiy clia o-Ps trong mau zeolite Silicalite-1 & cac méi trudng khac nhau (sai
s6 thuc nghiém dugc tinh truc tiép trén phan mém LT tir qua trinh lam khép dit liéu thuc nghiém).

Moi 71 (ns) 72 (ns) 73 T4 75 (ns) 11 (%) 12 (%) I3(%) I4(%) I5(%)
trudng (ns) (ns)
Khong 0,169 0,461 1,78 1,46 2,35 26,56 70,43 1,12 0,54 1,34
khi +0,006 £0,016 £0,07 £0,05 £0,09 +1,25 + 1,51 +0,01 +£0,02 +0,01
Khi Ar 0,149 0,441 1,74 4,07 62,90 27,01 54,32 8,23 0,84 9,60
+0,005 £0,014 +£0,06 £0,16 1,48 +1,23 +2,23 +039 £040 £041
KhiN2 0,151 0,466 1,60 3,81 88,20 26,53 52,10 8,43 1,95 10,99
=+ 0,005 + 0,015 +£0,06 0,17 1,9 + 1,14 + 1,78 +042 +£0,01 0,44
Chan 0,148 0,468 1,87 5,60 113,50 26,54 52,10 8,42 1,94 11,00
khong =+ 0,006 + 0,014 +0,07 £0,15 2,55 + 1,31 + 1,12 +044 +£0,01 +£0,53
hon so v6i ZSM-5 vén ¢ khung cdu tric chita nhém . . i . . .
va cdc vi tri axit Bronsted dé tuong tdc v6i phén ti M
x 4
nuée. Vi véy, chi nhiing viing 16 x6p 16n lién quan °

dén céc sai hong ciu tric méi xdy ra qua trinh hép
phu nudc ti d6 4m khong khi, va chinh tai cac vi tri
nay méi ghi nhan dugce su thay déi trong gid tri 75 va
Is17. Két qua khao sét cho thdy ring, sau 10 git sy
chan khong & cac muc nhiét khac nhau, anh huéng
cta nudc hdp phu trong hai loai zeolite nghién ctiu
c6 thé dugc phan thanh ba giai doan rd rét (Hinh 5
va 6). Giai doan thi nhét sdy ra ¢ khoang nhiét do 80-
200°C. Trong giai doan nay, qua trinh giai hip nudc
dién ra chdm do phén 16n nudc van con bi git chit
tai cac vi tri c6 nang lugng hip phu cao trong mang
zeolite. Nudc ton tai chtl yéu dudi dang cac phén ti
lién két v6i cdc tAm hoat dong hodc cation trao d6i,
khién qua trinh béc hoi & nhiét d¢ thdp bi han ché '8,
Su hién dién nay ctia nudc van dan dén hién tugng
dap tit o-Ps, dic biét 13 o-Ps, lam cho céc thong s6
Ts va Is chi thay ddi nhe. Giai doan thd hai say ra
trong khoang nhiét d¢ 200-250°C. Khi nhiét d¢ tang
trong giai doan nay, nudc bat ddu dugc giai hdp manh
khoi cc cdu truc mao quan va 16 x8p 16n cua vat liéu,
ddc biét tai cac viing sai hong cdu tric. Day la khoang
nhiét d6 ma nudc hidp phu vét ly (physically adsorbed
water) bi loai b gan nhu hoan toan, dan dén sy phuc
hoi khé r6 rét thoi gian séng va cudng do huy cta
0-Ps!'°. Tai 250°C, 75 va I5 dat cac gid trji 114 ns va
11,5% d6i véi Silicalite-1; 110 ns va 9% d6i véi ZSM-
5. Giai doan tht ba sdy ra & khoang nhiét d¢ 250-
300°C. O giai doan nay, gn nhu toan b lugng nudc
da dugc loai bo khoi hé mao quéan, bao gém ca phan
nudc lién két yéu tai cic ving bé mit mo. Diéu nay
dugc phan dnh qua sy 6n dinh cta cac thong s6 75
va Is, von khong con thay d6i dang ké khi tiép tuc gia
nhiét. Trang thai bao hoa nay cho thdy zeolite da dat
muc kho cén thiét, khong con anh hudng dén sy hinh
thanh va tiéu huy ctia o-Ps%’.
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Hinh 4: Phé thai gian séng positron ctia mau ZSM-5
& cac nhiét do say khac nhau.

Khao sat nay cho thdy thanh phan thoi gian séng dai
va cuong do huy di kém (t5, Is) chiu anh hudng manh
khi nhiét d6 sdy tang cao, chiing t6 nudc ton tai phin
16n trong céc 16 x6p 16n cua hai loai zeolite nay. Céc
két qua ciing chi ra ring thoi gian séng 75 va cudng
dod huy Is ctia o-Ps trong Silicalite-1 16n hon so véi
truong hop ciia ZSM-5. Diéu nay chiing to kich thude
va mat do 16 x6p trong Silicalite-1 cao hon so véi
ZSM-5. Sy thay d6i va khac biét ctia thoi gian séng
cing nhu cudng d6 huy d6i vé6i hai loai mau zeo-
lite silicalite-1 va ZSM-5 dién ra sudt qua trinh siy
la nhiing thong tin rdt quan trong. Ca hai mau ké
trén déu la cdc miu thuong mai, do vay su khdic biét
gitia ching chac chan lién quan dén dic trung ctia hai
loai 16 x8p trung binh nam ngoai khung ciu truc (cac
16 x6p & cac bién hat trong tiing khéi tinh thé zeo-
lite hodc cac khong gian rong 16n hinh thanh so cac
khuyét tat c6 kich thudc 16n hon nhiéu so vé6i 6 don
Vi cd 56 clia khung céu tric zeolite) '°. Diéu nay cho
thay, ngay ca d6i véi cac mau thuong mai chudn, qué
trinh tng hgp zeolite ludn tao nén cac khong gian

rong dic trung cho tiing vat liéu.
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Bang 2: Thanh phan théi gian séng dai ts va cudng dd hay Is ctia o-Ps trong cdc mau zeolite dugc sdy & cac nhiét
d6 khac nhau (sai s thuc nghiém dugc tinh truc ti€p trén phan mém LT tir qua trinh lam khép dit liéu thuc

nghiém).
Nhiét do sy Zeolite Silicalite-1 Zeolite ZSM-5
t5 (ns) 15 (%) t5 (ns) 15 (%)
83 109,0 = 1,1 6,91 + 0,40 95,5+ 1,8 1,41 £ 0,30
93 107,4 £ 2,1 6,82 + 0,32 95,1+ 1,4 1,52 + 0,29
113 110,1 +2,2 7,02 £ 0,28 93,0 £2,3 1,61 + 0,25
133 109,0 + 2,1 8,91 + 0,26 96,3 +2,4 2,50 + 0,32
153 111,2 +2,2 9,04 + 0,48 952+ 2,4 2,03 + 0,34
173 11,1 £1,2 9,15+ 0,19 97,1 £ 1,9 2,31 £ 0,40
193 11,3+ 1,7 9,51 + 0,25 95,4+ 2,4 3,40 + 0,24
213 112,0 £2,2 9,62 + 0,30 100,0 +2,0 6,01 £ 0,46
223 113,2+23 10,01 + 0,20 109,1 1,2 6,01 £ 0,20
233 114,1 £ 1,8 10,23 £ 0,27 110,2 £2,8 6,75 + 0,51
253 114,6 £2,2 10,64 + 0,33 112,0 +2,8 8,50 £ 0,57
263 1152 = 1,8 11,52 4+ 0,53 113,4 + 1,8 9,50 + 0,63
273 114,1 £2,3 11,50 + 0,43 113,1 £2,8 9,51 + 0,60
283 1144+ 1,9 11,61 £+ 0,43 113,9+2,8 10,01 £+ 0,63
116 oot s 2 T " WV Zeolite Silicalite-1 T T VVVV'
e O Zeottersms v v V88 | O Zeolite ZSM-5 : v
v 00 1 10 HIR v A VAl o 4
v o v v [ieYeltc)
v v vVvwe ° 1 vv vV :
v v o ] < : o i
v ] ] vwv o
£ 7 2 7 100 1
° ] g .
£ : oo ° 4 o N © 50 ! |
= ° o0 O
92 - : - '
50 160 1:‘30 200 2;0 360 0 50 160 1%0 260 2%0 360
Nhiét do [°C] Nhiét do [°C]

Hinh 5: Anh hudng ctia x ly nhiét téi thai gian séng
0-Ps trong cac mau

KET LUAN

Nghién ctiu hién tai da lam r6 dnh hudng cia moi
truong khi va nuéc hip phu dén cic qué trinh huy
dap tat thoi gian séng ortho-positronoum trong zeo-
lite Silicalite-1 va ZSM-5 bang ky thuat PALS. Két qua
cho thdy cdc thanh phén thoi gian séng ngin (71, 72,
73) it bi anh hudng boi moi trudng khi, trong khi cac
thanh phan thai gian song dai (74, T5) va cuong do
huy (I4, Is) thay ddi ddng ké. Moi trudng chan khong
1a t6i uu nhat d€ phan tich ciu tric réng, trong khi
khong khilam gidm manh nhét thoi gian s6ng do qua

Hinh 6: Anh huéng clia x{r ly nhiét t&i cudng do hiy
0-Ps trong cac mau

trinh dap tit o-Ps bi O,. Céc khi tro nhu Ar va N
it danh hudng hon va c6 thé dugc st dung thay thé khi
khong thé thuc hién trong chan khong. Anh huéng
ctia nuGe hédp phu thé hién qua ba giai doan nhiét do
sdy va chilam thay d6i thanh phén thoi gian sdng 75
va cuong do hay Is. Khi dudi 200°C, nude con ton
tai trong mau lam gidm thdi gian séng ctia 0-Ps. O
200°C - 250°C, nudc thoat nhanh khoi cfu tric rong,
khién 75 va I5 ting manh. Sau 250°C, nuéc hau nhu
da thoat hét va cdc thong s6 dat trang thai bao hoa.
Két qua ciing cho thdy mau Silicalite-1 ¢6 thoi gian
sOng va cudng do huy o-Ps cao hon ZSM-5, phan anh
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su khac biét vé kich thudc va mat d6 16 x8p trung binh
gitta hai vat liéu. Nhiing phét hién nay khdng dinh vai
tro quan trong cua diéu kién moi trudng trong phan
tich cdu tric réng ctia zeolite. Moi truong chan khong
nén dugc uu tién d€ dam bao két qua chinh xdc, trong
khi anh hudng ctia nudc hip phu can dugc kiém soét
dé tranh sai 1éch trong phép do.

XUNG POT LI ICH

Nhom nghién ctiu khong cé bat cit xung doét 1gi ich
nao lién quan dén céc cdc qua nghién cdu trong bai
bao.

PONG GOP CUA TAC GIA

Luu Anh Tuyén: thiét k€ nghién ctu, hudng dan tién
hanh thi nghiém, dédnh gid két qua, viét ban nhap bai
bdo, bién tép va gui tap chi. Pham Thi Hué: chuén bi
mau do, tién hanh thi nghiém xu Iy nhiét 9, bs tri thi
nghiém théi gian s6ng positron, xt ly s6 liéu. Nguyén
Thi Ngoc Hué: tién hanh do dac phg thoi gian séng
positron, xtt Iy qud trinh lién quan dén &p suét khi tro
va chan khong d€ hiéu chuén thiét bi. Pinh Thi Hai
Ha: phan tich cac thanh phan thai gian séng positron,
tham gia viét ban nhdp, bién tip ban thao.

CAM ON

Nghién ctiu nay dugc thuc hién boi tai trg ciia Quy
Phét trién Khoa hoc va Cong nghé Qudc gia (Nafos-
ted) théng qua dé tai ma s6: 103.02-2021.107. Céac
tac gid chan thanh cdm on sg hé trg ctia Vién Ning
lugng Nguyén tti Viét Nam va Vién Nghién ctiu Khoa
hoc Co ban va Ung dung (Pai hoc Duy Tan) cho céc
hoat dong nghién ctu.

TAI LIEU THAM KHAO

1. Breck DW. Zeolite Molecular Sieves: structure, chemistry and
use. New York: Wiley; 1974.

2. Kobayashi Y, Ito K, Oka T, Hirata K.  Positronium chem-
istry in porous materials. Radiation Physics and Chemistry.
2007;76(2):224-30. Available from: https://doi.org/10.1016/).
radphyschem.2006.03.042.

3. Jean YC, Mallon PE, Schrader DM. Principles and Applica-
tions of positron & Positronium chemistry. World Scientific,
Singpore. 2003;Available from: https://doi.org/10.1142/5086.

4. Kajcsos Z, Liszka L, Duplatre G, Lazar K, Lohonyai L, Varga
L, et al Competitive positron and Positronium trap-
ping in porous media. Radiation Physics and Chemistry.
2007;76(2):231-6. Available from: https://doi.org/10.1016/j.
radphyschem.2006.03.041.

5. Goworek T, Ciecielski K, Jansinska B, Wawryszczuk J. Positron
in lager void silica gel. Chemical Physics Letters. 1997;272(1-
2):91-5. Available from: https://doi.org/10.1016/S0009-
2614(97)00504-6.

6. Heyland GR, Charlton M, Griffith TC, Wright GL.  Positron
lifetime spectra for gases. Canadian Journal of Physics.

20.

. Kansy J.

. Yosuke S.

. Swann AR, Green DG, Gribakin GF.

. Hunger M, Brey G, Ernst S, Weitkamp J.

1982;60(4):503-16. Available from: https://doi.org/10.1139/
p82-068.

. McGonigle EA, Liggat JJ, Pethrick RA, Jenkins SD, Daly JH, Hay-

ward D. Permeability of N2, Ar, He, 02 and CO2 through bi-
axially oriented polyester films — dependence on free vol-
ume. Polymer. 2001;42(6):2413-26. Available from: https:
//doi.org/10.1016/S0032-3861(00)00615-7.

. Eldrup M, Lightbody D, Sherwood JN. The temperature de-

pendence of positron lifetimes in solid pivalic acid. Chemical
Physics. 1981;63(1-2):51-8. Available from: https://doi.org/10.
1016/0301-0104(81)80307-2.

. Fasano M, Bevilacqua A, Chiavazzo E, Asinari P. Atomistic mod-

eling of water infiltration in defective zeolite for thermal stor-
age applications, ASME-ATIUIT 2015, Napoli;.

Microcomputer Program for Analysis of Positron
Annihilation Lifetime Spectra. Nuclear Instruments
{&mp;lamp; Methods in Physics Research Section A,
Accelerators, Spectrometers, Detectors and Associ-
ated Equipment. 1996;374(2):235-44. Available from:
https://doi.org/10.1016/0168-9002(96)00075-7.

. Tuyen LA, Hung NQ, Cuong LC, Khiem DD, Phuc PT, Nguyen

LL, et al. Simultaneous existence of defects and mesopores
in nanosized ZSM-5 zeolite studied by positron annihilation
and X-ray diffraction spectroscopies. Journal of Applied
Physics. 2017;121(8). Available from: https://doi.org/10.1063/
1.4977013.

. TaoJS. Positronium Annihilation in Molecular Substances. The

Journal of Chemical Physics. 1972;56(11):5499-510. Available
from: https://doi.org/10.1063/1.1677067.

Ps slowing down process below the Ps break-
up energy in Ar gas. Journal of Physics: Conference Series.
2015;635(5).  Available from: https://doi.org/10.1088/1742-
6596/635/5/052088.

Many-body theory of
positronium scattering and pickoff annihilation in noble-gas
atoms. Physical Review A. 2023;107(4). Available from: https:
//doi.org/10.1103/PhysRevA.107.042802.

. Moskal P, St EL. Positronium as a biomarker of hypoxia. Bio-

Algorithms and Med-Systems. 2021;17(4):311-8. Available
from: https://doi.org/10.1515/bams-2021-0189.

. Tuyen LA, Xuan TD, Kiet HAT, Cuong LC, Phuc PT, Tap TD. A hy-

brid model for estimation of pore size from ortho-positronium
lifetimes in porous materials. Radiation Physics and Chem-
istry. 2020;172.  Available from: https://doi.org/10.1016/j.
radphyschem.2020.108867.

. Kajcsos Z, Kosanovic C, Bosnar S, Subotic B, Major P, Liszkay

DL. Monitoring the Crystallization Stages of Silicalite by
Positron Lifetime Spectroscopy. Materials Science Forum.
2007;607:173-6. Available from: https://doi.org/10.4028/www.
scientific.net/ MSF.607.173.

Interaction of
Water with Alkali-Metal Cation-Exchanged X Type Zeolites:
A Temperature-Programmed Desorption (TPD) and X-ray
Diffraction Study. Langmuir : The ACS Journal of Surfaces
and Colloids. 1999;15(18):5937-41. Available from: https://
doi.org/10.1021/1a981284s.

. Kim KJ, Ahn HG. The effect of pore structure of zeolite on

the adsorption of VOCs and their desorption properties by
microwave heating. Microporous and Mesoporous Materi-
als. 2012;152:78-83. Available from: https://doi.org/10.1016/
j.micromeso.2011.11.051.

Benaliouche F, Hidous N, Guerza M, Zouad Y, Boucheffa Y.
Characterization and water adsorption properties of Ag- and
Zn-exchanged A zeolites. Microporous and Mesoporous Ma-
terials. 2015;209:184-8. Available from: https://doi.org/10.
1016/j.micromeso.2014.10.039.

3471


https://doi.org/10.1016/j.radphyschem.2006.03.042
https://doi.org/10.1016/j.radphyschem.2006.03.042
https://doi.org/10.1142/5086
https://doi.org/10.1016/j.radphyschem.2006.03.041
https://doi.org/10.1016/j.radphyschem.2006.03.041
https://doi.org/10.1016/S0009-2614(97)00504-6
https://doi.org/10.1016/S0009-2614(97)00504-6
https://doi.org/10.1139/p82-068
https://doi.org/10.1139/p82-068
https://doi.org/10.1016/S0032-3861(00)00615-7
https://doi.org/10.1016/S0032-3861(00)00615-7
https://doi.org/10.1016/0301-0104(81)80307-2
https://doi.org/10.1016/0301-0104(81)80307-2
https://doi.org/10.1016/0168-9002(96)00075-7
https://doi.org/10.1063/1.4977013
https://doi.org/10.1063/1.4977013
https://doi.org/10.1063/1.1677067
https://doi.org/10.1088/1742-6596/635/5/052088
https://doi.org/10.1088/1742-6596/635/5/052088
https://doi.org/10.1103/PhysRevA.107.042802
https://doi.org/10.1103/PhysRevA.107.042802
https://doi.org/10.1515/bams-2021-0189
https://doi.org/10.1016/j.radphyschem.2020.108867
https://doi.org/10.1016/j.radphyschem.2020.108867
https://doi.org/10.4028/www.scientific.net/MSF.607.173
https://doi.org/10.4028/www.scientific.net/MSF.607.173
https://doi.org/10.1021/la981284s
https://doi.org/10.1021/la981284s
https://doi.org/10.1016/j.micromeso.2011.11.051
https://doi.org/10.1016/j.micromeso.2011.11.051
https://doi.org/10.1016/j.micromeso.2014.10.039
https://doi.org/10.1016/j.micromeso.2014.10.039

Science & Technology Development Journal - Natural Sciences 2025, 9(4):3466-3472
8 Open Access Full Text Article Research Article

The pick-off annihilation process of ortho-positronium in zeolite
ZSM-5 and Silicalite-1 under the influence of gas environment and
adsorbed water

Luu Anh Tuyen'”", Pham Thi Hue', Nguyen Thi Ngoc Hue', Dinh Thi Hai Ha?

ABSTRACT

This study evaluates the influence of gas environments and adsorbed water on the pick-off anni-
hilation process of ortho-positronium (o-Ps) lifetime in zeolite Silicalite-1 and ZSM-5. The results
Use your smartphone to scan this indicate that short-lifetime components (ty, T3, T3) are minimally affected, whereas long-lifetime
QR code and download this article components (T4, T5) and annihilation intensity (l4, /5) vary significantly depending on the gas en-
vironment. Vacuum conditions are optimal for analyzing pore structures, while air significantly re-
duces o-Ps lifetime due to quenching by O,. Inert gases such as Arand N; have a lesserimpact and
can serve as alternatives when vacuum conditions are not available. The effect of adsorbed water is
categorized into three drying temperature stages, primarily influencing the 75 and /5 components.
Below 200°C, retained water decreases o-Ps lifetime. Between 200°C and 250°C, rapid water des-
orption from the pores leads to a notable increase in 75 and /5. Beyond 250°C, water is nearly
eliminated, and these parameters reach a saturation state. Additionally, Silicalite-1 exhibits higher
0-Ps lifetime and annihilation intensity than ZSM-5, reflecting differences in pore size and density
between the two materials. These findings highlight the crucial role of environmental conditions in
zeolite structure analysis. Vacuum remains the optimal choice for ensuring measurement accuracy,
while the influence of adsorbed water must be controlled to prevent measurement deviations.
Key words: Silicalite-1, ZSM-5, 0-Ps, Ar, N,, absorbed water
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