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DUNG PHUGNG PHAP CONG HUGNG TU HAT NHAN (NMR)
DE XAC DINH B0 AXIT, PHAN BO NHOM TRONG
VAT LIEU ZSM-5 VA ZSM-5/MCM-41

Dén Tou soun 7-3-2007

LE THI HOAI NAM!, NGUYEN DINH TUYEN', NGUYEN TRONG HUNG,
NGUYEN NGOC TRIU!

Wién Hoda hoc,- Vien Khoa hoe va Cong nghé Vier Nam
3 . . . . L
“Truony Dai hoe Bach khoa Ha Noi

SUMMARY

ZSM-5IMCM-41 composite was prepared by using o dual-template synihetic gel system -
Tetrapropylamonivmhydroxit TPAOH and cetvltrimetylamonimbroniide CTMAB. The structire
of that material was investigated by IR, XRD, TEM, and TPD-NH, amd nitrogen
adsorptionidesorption [1]. The results of IR XRD. NMR showed that Hie most of aluminum atoms
distributed in the framework In this paper, VAl 'H MAS NMR are used to determine the geometry
of the Bronsted acid und the disribution of aluminum atoms in ZSM-5IMCM-41. Acidic
(_bridging”) OH groups in ZSM-SIMCM-41 are responsible for the catalytic activity. Theyv can

exist in materials in four forms: SIOHAI (8 = 4.1 ppm), AIOH (§ = 2.7ppm), SIOHI (6 = 1§

ppm). and SIOH2 (5= 2.2 ppm). Here, we can see the differences of acidities between ZSM-5 und
ZSMS-IMCM-41 buse on the signals of the formation of bridging OH groups (SIOHA!).

I- MO DPAU

Vit liéu mao quan trung binh lin dau tién
duoc téng hqp vao diu thap ky 90 cla thé ky
trudc boi cic nha nghicn ctru ctia hiing Mobil oil
[2]. Ho vat liéu mdi nay co dic diém la dién tich
bé mit riéng c6 thé 16n dén 1500 m’/g va dudng
kinh mao quén thay déi trong khoang tir 20 dén
500 A, md rong gidi han cta kich thuée mao
quan ctia zeolit va cho phép cdc phin tr 6n
khuéch tin qua dé dang (zeolit 1a vat liéu tinh
thé ¢é dudng kinh mao quan < 10 A) [2]. Diéu
nay lam tang kha nang st dung chung cho cdc
qua trinh chuyén hod cacbuahydro ¢é phdn tu
16n. Tuy nhién, do axit vi do bén nhiét cua cdc
aluminosilicat ¢é cdu tric mao quin trung binh
codn thap do thdnh mao quan I v6 dinh hinh
khong dip tng ndi cdc yéu cau xiic tdc. Chinh vi

vay rat nhiéu cdc nha khoa hoc da khéng ngimg
di sau nghién cidu dé cdi thién cde tinh chit nay.
Gin day, mot logi vat liéu méi ra doi, do la vat
lieu téng hop zcolit/mesopor (zeoht/mao quan
trung binh) di két hop duoge wu diém cia ca hai
loai vt liéu trén déng thdi khic phuc duge
nhitng nhuge diém cﬁa ching [3]. Viéc ra doi
loai vit lieu méi niy cé ¥ nghia rat 16n doi véi
linh vue xic tic cing nhu linh vue hap phu. Vi
viy viéc nghién ctru téng hop vi dac trung loai
vat licu nay 1a rat quan trong. Ky thuat cong
hudng tir hat nhan 1a mot k§ thudt rdt vu viét
duge sir dung dé nghién cutu cdc loai vat ligu ray
phan tir nhu zeolit, mesopore...[4, 5]. N6 cho
phép nghién ctu tryc ti€p mang ludi cia vit
liéu, cdc cation ton tai trong, ngoai mang vi sy
khic nhau giffa cic loai nhém OH tén tai trong
vat liéu. Vi vay trong bai bio nay ching toi su
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dung phuong phdp cong huéng (& hat nhan dé
nghién cdu vé su phan bé nguyén tit nhém trong
vat lieu ZSM-3/MCM-41 vi dinh gid do axit
cua vit ligu ZSM-5/MCM-41 qua viée so sdnh
do axit cha ZSM-5/MCM-41 vé vat ligu ZSM-
5.

Il - THUC NGHIEM

1. Téng hop ZSM-5/MCM-41

Vit lieu ZSM-5/MCM-41 duge tong hop
theo phuong phép str dung dong thai hai chét tao
ciu tric TPAOH va CTMAB
(cetyltrimetylamonium bromide) [1]. Dung dich
NaAlQ, dugc tao thanh bing cich hod tan
Al(OH), trong dung dich NaOH. Tiép dé, dé
NaAlQ, vao dung dich TPAOH 20% ta dugc
dung dich A. Thém tir tir dung dich SiO, 40%
vao dung dich A vira tao thanh, vira thém vira
khudy manh ta thu duge dung dich B. Tiép dén
ta thém tit tir dung dich CTMAB vio dung dich
B, khudy dén dung dich déng nhat thu duoc
dung dich C. Dung dich C dem két tinh ¢6 thanh
phian nhu sau: 0,3C, : 0,02Al : 1810, : 0.3
TPAOH : 4,1C,H,OH : 51,5H,0

Dung dich C sau khi duge két tinh thu duge
san phiam rin, dem loc rira téi pH = 7, sdy kho
161 dem nung & nhiét d6 550°C trong 5 tiéng dé
loai bo hét cac hop chét hitu co.

2. Téng hop ZSM-5

Zeolit ZSM-5 duge tong hop theo qui trinh
tham khdo trong tai liéu [6].

3. Phuong phap cong hudng tir hat nhan dice
trung cho vat liéu [5]
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Hinh 1: Phé Al MAS NMR cta ZSM-
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Véi k§ thuit MAS-NMR (Magic Angle
Spinning), mau duge quay nhanh vér mot géc 0
= 54,74° (3cos™® - 1 = 0) so v&i truc clia tr
truomg ngodl, goi 12 gde “diéu ky”. Vi goc nay,
nhimg tuong tac spin hat nhan nhu tinh bit dang
hwéng cla chuyén vi hod hoc, twong tic ludng
cuc, tit cuc sé& bi triét tieu. 'H, “'Al NMR dugc
nghién ciu trén thi¢t bi ghi phé Bruker MSL
400 & cdc tan 6 cong hudng 1a 400,13 MHz va
104,262 MHz.

- Pho duoc do trén mdy Resonance vdi tin
sudt 400,13 MHz.

- Do NMR H: S8 lan quét: 80, Téc do
quay: 8.5 KHz, I'1/2 pulso: 2.2 ps, Tho gian lap
10s, tin $6 cong huong: 400.13 MHz

- Do NMR Al: Tin s6 cong huong: 104.26
MHz, P,= 0,61us, Repetatton time: 0.5 s

111 - KET QUA VA THAO LUAN

Sy phan bé nhom va do axit cltia vit liéu
ZSM-5/MCM-41 di duge xic dinh bing phuong
phip cong hudng tir hat nhin rin. Diy la
phuong phip rit uu viét, né cho phép nghién ciu
truc tiép mang Iudi cla vat liéu, cic cation ton
tai trong, ngoai mang va su khdc nhau giita céc
loai nhém OH tén tai trong vt liéu. Hinh 1 1
phé Al MAS NMR clia ZSM-5/MCM-41. Nhin
vao hinh nily ta thiy ring chi tén tai mét pic ¢
khoang 5 - 55 ppm dic trung cho cation nhom
nam ¢ trong mang luéi vat ligu, khong ton tai pic
& 0 ppin diic trung cho nhom nim 6 ngodi mang
dang AlO, khi xir Iy axit mau, xr [§ nhiét méu hodc
12 loai nhém khoi miu. Dicu niy ching to la hiu
nhtt todn bé nhom ta dua vio déu ndm trong mang
ludi cua viit Liéu.

: Phé 'H MAS NMR ciia ZSM S/MCM 41



Hinh 3: Pho '"H MAS NMR ctia ZSM-5/MCM41

Phuong phdp cong huong tir proton ¢6 thé gitp
ta xdc dinh duoc do axit cia vt liéu mat cich chinh
xdc. Phuong phiap nay khong nhiing gidp ta xdc
dinh dugc s6 luong tAm axit ma ¢dn xdc dinh duge
50 lugng cta timg nhém OH tén tai trong vat ligu.

Phan tich pho proton cia vit liéu ZSM-
5/MCM-41 (hinh 2, hinh 3 vi bang 1) chiing ta
¢6 thé thily duge co bén loai nhém OH khidc
nhau 16n tai trong vat liéu. Trong bén loai nhém
OH nay thi chi ¢ modt loai nhém OH t6n tal &
dang SiOHAI 14 cde tam axit Bronsted, tife 1a
cic tim axit manh ¢é hoat tinh xdc tic trong cdc
phan Ung nhu cracking xic tic hay alkyl hod,
cdc tim axit 16n tai & dang SiIOH 1 1a cde thm gén
nhu khong thé hién tinh axit, ¢é tinh axit rit yéu

D¢ thiy rd hon do axit cua ZSM-5/MCM-41
ta tiép tuc so sanh phd cong hudng proton cia
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Hinh 4: Phé '"H MAS NMR ctia Z5M-5

hai miu ZSM-5/MCM-41 vi miu ZSM-5 (Bang
I, hinh 3, hinh 4). Ta ¢6 thé thiy ring s& luong
nhém OH ton tai trong hai vat liéu 1a khd tuvong
duong nhau. Tuy nhién s& nhém OH tén taj &
dang SiOHAI cta ZSM-5 li cao hon so voi
ZSM-5/MCM-41 ching 10 dé axit cha ZSM-5
cao hon so véi ZSM-5/MCM-41. biéu niy 1a
hop 1y do vit 1iéu ZSM-5 ¢6 do tinh the 1a 100%
trong khi dé ZSM-5/MCM-41 duge hinh thinh
nén tr vat lieu MCM-41 duoc tinh thé hod va
xdc dinh bing phuong phdp ronghen va héng
ngoai dat khodng 80% dé tinh thé zeolit ZSM-5
[7]. Ngoai ra nhin vao bang | ta cdn thdy cic
nhém SIOH 2 vd AIOH cia vat liéu
ZSM5/MCM41 I6n hon cua vat lidu ZSM-3,
biéu dé cé 18 1a do phan Al vi Si nay ton tai
trong mang ludi ZSMS5/MCM41 nhung khéng &
dang tinh the.

Bang 1: Két qua dd axit cha hai vt lieu ZSM-5 vi ZSM-5/MCM-41

28 PPy

Miu ZSM-5 ZSM-5/MCM-41 |

ny (mmol/g) 0,4962 0,4249

SiOH | % 4529 45,84
&(ppm)=1.8 ny; (mmol/g) 0,2247 0,1948
SiOH 2 % 5,52 17,89
3(ppm)=2,2 n, (mmol/g) 0,0274 0,076
AIOH % 1,82 12,88
3(ppm)=2,7 n,, (mmol/g) 0,009 0,0547
SiOHALI % 47,37 20,41
d(ppm)=4.1 ny {(mmol/g) 0,2330 0,0867
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IV - KET LUAN

Ding phueng phdp ¢ong hudng tir hat nhian
ching 161 dd xdc dinh duge do axit va su phan
b6 nhom clha cdc var léu ZSM-5 va
ZSM5/MCM41 téng hop duge. Cic két qui cho
thay:

- Nhém dua vao hiu nhu hoin toin nim
trong mang lugi cic vat lieu ZSM-5 vi
ZSM5/MCM41.

- Tat ca cdc vat liéu ndy déu cd cic nhém
OH tén tai ¢ 4 dang: SiOHAI, AIOH, SiOH 1,
SiOH 2. Trong dé nhém OH tdn tai & dang
SIOHAI ( cdc tim axit manh cé vai trd quyét
dinh hoat tinh xic tdc) cua vat liéu ZSM-5 Ién
hon vat lieu ZSM5/MCM41. Cic két qua nghién
clu qud trinh cracking trén cdc vat liéu niy sé
duoc dang trong bai bio tiép theo.

Loi cam on : Cdc tdc gid xin bay 16 sit ciam on
chan thanh 16i Trung tdm Ho6 tro Nghién citu
Chdu A va Quy Gido duc cao hoc Han Quét, die
an Viét B dad tai tro dé thuee hién céng trinh
nghién citu nay.
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