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This current work presents a study on using carboxylmethyl cellulose
(CMC) as mesopore directing agent for synthesis of mesoporous ZSM-5
zeolite. The results showed that CMC, a cellulose derivative can be used
as potential mesopore directing agent for synthesis of mesopore zeolite
material. The obtained ZSM-5 zeolite was characterized by XRD, SEM
methods and was used as catalyst for the isomerization of epoxide to
synthesize aldehyde. The synthesized ZSM-5 catalyst exhibited a high
catalytic activity and selectivity in the reaction. The highest conversion of

about 98,2% was obtained when the isomerization of styrene carried
out at suitable reaction conditions.

Gidi thiéu chung

Zeolit ZSM-5 dugc st dung rét réng réi va phé bién, 1a
mot trong nhiing xUc tac hiéu quéa trong téng hop hitu
ca [1-3]. Mét trong nhiing han ché cltia ZSM-5, la cdu
tric vi mao quan (micropores), c6 dnh hudng I6n dén
kha nang khuéch tan cla chét phan Ung/san pham cé
kich thudc phan t I6n, trong nhiéu trudng hgp lam
giam hiéu qua xic tac. Vi vay ma cac nghién ciu trong
va ngoai nudc hién van tap trung vao giai quyét van
dé nay, chli yéu bang phuong phép st dung chét tao
mao quan (mesoporogen agent). Tuy nhién, kho khan
gap phai khi s&r dung cac chdt tao mao quan théong
thudng nay do la ching la cac hda chét téng hap, dat
tién, va co thé cé nhiing anh hudng khéng tét dén moi
trusng. Do do, viéc nghién clu s&f dung cac chat tao
mao quan c6 ngudn géc tu nhién, than thién moi

trudng cé nhiéu uu diém, cé tinh khoa hoc va cé kha
nang Ung dung vao thuc té. Gan day, da c6 mot s6
nghién cdu si dung vat liéu carbohydrat nhu glucose
[4], tinh bot [5] va hydroxypropylimetyl cellulose
(HPMC) [6] lam chét tao mao quan dé téng hop zeolit
ZSM-5 mao quén trung binh.

Phan Uing isome hoa (sdp xép lai) hop chét epoxit 1a
phan Ung quan trong bdi vi nd tao ra cac chét trung
gian co nhiéu Ung dung trong cong nghiép hoa hoc.
San phdm tao thanh ti phan Ung nay la nguyén liéu
rét c6 y nghia cho céc phan Ung téng hop hiu co dé
tao ra dugc phdm, nudc hoa hay huong liéu thuc
phém. Vi thé phan Ung isome hoa epoxit da va dang
nhan dugc nhiéu sy quan tdm cac nha khoa hoc trén
thé qidi [7-9]. Cac loai xUc thc déng thé va dj thé déu
c6 thé dugc st dung cho phan Uing nay. St dung xtc
tdc dong thé c& mot s6 nhugc diém nhu la gay an
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mon thiét bj, that thoat xuc tac sau phan Ung. Trong
khi do, st dung xUc tac di thé lai c6 thé thu hoi lai sau
phan Ung, khdng gay an mon thiét bi va it doc t6. Vi
vay da co nhiéu nghién cliu st dung xuc tac di thé cho
phan Ung sap xép lai epoxit nay. Trong cac loai xic tac
di thé thi zeolit, mot s6 oxit va mudi sunphat cta kim
loai la nhiing loai xUc tac thudng hay dugc si dung.
XUc tac zeolit véi hé théng cac 16 xGp dong déu sé tao
thuén Igi cho viéc kiém soét su phan bé san pham, lam
gidm dudgc cac phan Ung phu xay ra. San phdm thu
dugc cht yéu khi st dung zeolit lam xUc tac thudng la
andehit, mét hgp chét trung gian quan trong trong
céng nghiép hda hoc [9,10].

Chinh vi vay, nghién clu nay tap trung sU dung
cacboxymethyl cellulose (CMC), mét dan xudt cla
xenluloza, lam chét tao mao quan cho qué trinh téng
hgp xtc tac ZSM-5 mao quan trung binh (mesopores).
Vat liéu xtc sau khi t6ng hgp dugc s& dugc Ung dung
cho phan Ung sdp xép lai epoxide, mét trong nhing
phan (ng hdéa hoc quan trong. Vdi nhigu uu diém so
véi vat liéu mao quan truyén thdng nhu dién tich bé
mat I8n, nhiéu tam axit, khodng cach phan bé thap,
tinh 6n dinh thly nhiét cao, zeolit mao quan trung
binh téng hap dugc sé co nhiéu Ung dung trong linh
vyc cong nghiép hoda hoc.

Thyc nghiém va phuang phap nghién clu
V@t lieu va hda chdt

Hbda chat dung trong thi nghiém la héa chét tinh khiét
PA cla Sigma-Aldrich va Trung Quéc TQ):
Tetraetylocthosilica - TEOS (Sigma), tetra propyl
ammoni hydroxit - TPAOH (Sigma), KOH, NaAlO;
(Sigma), Styrene Oxide (Sigma), Carboxy!
methylcellulose - CMC (Sigma),
Cetyltrimethylammonium bromide - CTAB (Sigma),
Toluene (TQ), Axetone (TQ), CH.Cl (TQ).

T6ng hop vat liéu xdc tdc zeolit ZSM-5

Zeolit ZSM-5 mao quan trung binh dugc t6ng hap
theo phuang phéap thuy nhiét da dugc trinh bay trong
cc cong b6 trudce [6]. Cu thé nhu sau: Hoa tan 0,082 g
natri aluminat (NaAlO,) vao 40 ml nudc cét, tiép tuc bé
sung 6,184 g tetrapropylamoni hydroxit (TPAOH) va
0,284 g kali hydroxit (KOH). Sau d¢6, 0,24 g chét tao
mao quan CMC dugc thém vao dung dich trén. Cudi
cung, 10 g tetraethyl orthosilicate (TEOS) dugc thém
vao va khudy trén lién tuc cho dén khi thu dugc dung
dich trong suét. Dung dich phan Uing nay dugc gia hoa

(aging) bang céach khudy tron lién tuc & nhiét do
phong trong thdai gian 15h.

Dung dich phén Ung dugc cho vao autoclave cé thé
tich 1 lit, dong chat va dé trong 16 nung & nhiét d6 175
°C trong khodng thai gian 20 gid. Sau khi két thic
phan Ung, san phédm dugc tach ra bang may li tam va
rifa nhiéu lan bang nudc cét. Tiép do, cac hat zeolit
ZSM-5 dugc sdy kho & nhiét do 100°C va nung & nhiét
dd 550°C trong 6 gid.

Vat liéu xic tac thu dugc dugc phén tich bang céc
phuong phéap phén tich XRD, SEM dé xéac dinh tinh
chét va céu tric clia san phém.

Bén canh do, dé so sanh hiéu qua cla chét tao mao
quan ngudn gbc ty nhién, da s dung CTAB la chéat
tao mao quéan dang thuong mai thudng dung trong
téng hop zeolite ZSM-5 dé ddi ching. Phuong phap
t6ng hop hoan toan tuong tu nhu phucng phép téng
hop su dung CMC & trén, chi khac la thay CMC bang
CTAB. Ngoai ra, zeolit ZSM-5 théng thuong cling dugc
téng hop bang cach khong st dung chit tao mao
quan (CMC hoac CTAB) v&i phuong phép téng hop
nhu trén.

Phdn Ung isome héa epoxit s& dung xdc tdc zeolit
ZSM-5

Vat liéu xic tac zeolit ZSM-5 dugc Ung dung lam xuc
tac cho phan Ung sap xép lai epoxit, diéu kién phan
Ung cu thé nhu sau: Can 3g styren oxit, 0,15g xUc tac
zeolit ZSM-5 (5% so v&i lugng styren oxit) va 15ml
dung méi cho vao binh cau 3 ¢d. Sau do 13p binh cau
v&i sinh han hoi luu. D3t binh cau 3 ¢8 trén may khudy
tlr gia nhiét. Nhiét do ctia hdn hgp phan Ung dugc dat
3 50°C, trong khodng thdi gian phan ng la 120 phut.
Sau do 18y hén hap phan Ung dugc ly tam dé tach loai
xUc tac. Hon hop thu dugc mang di cdt quay chan
khéng dé thu nhan san phdm phan ting.

HAn hap phan Ung sép x&p lai Styren oxit dugc 14y ra
tai cac thai diém khac nhau, tach loai xtc tac va dem di
phan tich phé cong hudng ti hat nhan 'H-NMR. Phd
céng hudng tu hat nhan dugc do trén may Bruker AM
500 FT-NMR Spectrometer, Vién Hoa hoc — Vién Khoa
hoc va Cong nghé Viét Nam véi TMS la chat chudn
néi. Hiéu sudt chuyén hda cua Styren oxit dugc xac
dinh bang phé NMR dua trén su bién méat cla chat
tham gia phan Ung ban dau (styren oxit) va san phém
tao thanh. D6 chon loc dugc xéc dinh bang ty 1é cla
san phdm muc tiéu (phenylacetandehit) trén san phadm
tao thanh.
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Két qua va thao luan

Nghién cau téng hgp zeolit ZSM-5 mao qudn trung
binh

Zeolit ZSM-5 dugc téng hop theo phuong phap thiy
nhiét, str dung chat tao mao quan ngudn gaéc ty nhién
carboxymetyl cellulose (CMC) dé thu nhén céu tric
mao quan trung binh. Vat liéu zeolit ZSM-5 thu dugc
dugc phan tich phd XRD dé xac dinh cdu tric va tinh
chét san pham. Két qué dugc thé hién trong hinh 1.

TU gian dod nhiéu xa tia X thu ducc trong hinh 1 ta théy
ph& XRD cua san phém zeolit ZSM-5 thu dudc tuong
ty phd XRD cua zeolit ZSM-5 théng thudng, nhung do
sac nét clia cac peak dac trung la thap hon.

ZSM-5 thong thuong

Intensity, a.u
L

ZSM-5 mao quan tr.b

10 30 40 50
2 Theta, degree

Hinh 1: Ph& XRD clia ZSM-5 mao quan trung binh thu
dudc so sanh vai phd XRD clia zeolit ZSM-5 théng
thuong (khdng s dung chat tao mao quén)

Cling tUr két quéd phS XRD thu dugc nhan thdy, mau
zeolite ZSM-5 mao quéan trung binh thu dugc tu
phuong phép téng hop st dung chat tao mao quan
CMC c6 ph8 XRD vdi cac peak dac trung clia zeolit loai
MFI (Zeolite Socony Mobil Number 5-ZSM5) tai goc 26
G 8, 15 va 26. Cudng do peak cao & cac goc 26 = 710
va 22+25 vdi dinh nhon ching to rang zeolite thu
dugc cé dé két tinh cao.

Bén canh do khodng co peak la xudt hién & cac géc dac
trung, va khéng cé nhiéu thé hién réng da thu dugc
vat liéu zeolit ZSM-5 tinh khiét. TU nhiting diéu trén co
thé két luan rang, zeolit ZSM-5 mao quan trung binh
duagc t6ng hop thanh cong bang phuong phap thiy
nhiét sit dung chét tao mao quan 1a dan xuét cla
cellulose (CMC). San phdm zeolit thu dugc cod do tinh
thé cao, vdi cdu tric zeolit MFI. Két qua nay cling pht
hop va dugc bé trg bdi két qua thu dugc ti phan tich
anh SEM.

Hinh 2: Anh SEM cuia zeolit ZSM-5 mao quan trung
binh.

TU hinh &nh SEM ta thdy, kich thudc hat trung binh cla
vat liéu zeolit Ia khoang 400-500 nm. Hat vat liéu zeolit
ZSM-5 mao quan trung binh c6 c6 hinh dang déc
trung cla vat lieu zeolit ZSM-5 vdi cdu hinh
orthorhombic, c6 do tinh thé cao, hinh dang va kich
thudc tuong ddi dong déu. Két qua nay phu hop va bd
sung thém cho két qua clia phd XRD thu dugc & trén.
Ngoai ra, cling ¢ thé thdy rang bé mat hat xu xi, tho
rap, ching to dién tich bé mat riéng dugc cai thién
mot cach dang ké. Nhu vay zeolite ZSM-5 mao quéan
trung binh da dugc téng hop thanh cong bang
phuang phap thay nhiét st dung chét tao mao quan
ngudn goc tu nhién CMC.

D& xac dinh dién tich bé mat va dudng kinh mao quan
clia mau zeolit thu dugc khi st dung chat tao mao
quan la CMC, tién hanh phan tich bang phuong phap
BET va BJH, két qua thu dudc thé hién trong hinh 3.
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Hinh 3: (A) Budng dang nhiét hdp phu/ nha hap phu
N>, (B) Phan bé kich thudc mao quan theo BJH cua
ZSM-5

TU do thi trong hinh 3A nhan thay dudng cong dang
nhiét hap phu—-gidi hdp phu thuéc dusng dang nhiét
loai IV v&i dé tré vong trong khoang ap suét tuong ddi
P/Po = 0.42 — 1 dugc thé hién rd nhét, chiing td su co
mat clla mao quan trung binh (mesopores). Bai do
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theo ly thuyét thi su hép thu nitd & trong khoang ép
suét tuong déi la P/Py = 0,6-0,9 da chiing minh su
ngung tu mao dan clia khi trong cac mao quan trung
binh. Bén canh do, su phan bd kich thudc mao quan
trén dudng cong phan bd theo BJH (hinh 3B) cho théy
HPMC d3 ho trg tét cho kha nang tao mao quan trung
binh, do thi cé dinh & khodng han 5 nm.

Céc thong s6 vé dién tich bé mat va kich thudc mao
quan clia mau zeolit st dung chét tao mao quan CMC
dugc téng hap trong bang 1sau:

Bang 1: Dién tich bé mat (BET) va dudng kinh mao
quan cla ZSM-5 s dung chét tao mao quan la CMC

Mau Suer Voore | digpore | TI1E
@/g) | (cm¥/g) | (hm) [ Si/Al
ZSM-5 thuong 250 0,70 19 48
ZSM-5  mao| 428,6 0,18 53 51
quan tr.b
ZSM-5 st dung| 426,5 0,17 5,0 53
CTAB

(Trong dé, Seerva Vipore la tong dién tich b mdt va téng
thé tich mao quadn 6 kich thuéc mao qudn tu 1,7 — 300
nm.)

TU s6 liéu trong bang 1trén nhan théy dién tich bé mat
BET, thé tich mao quan cling nhu dudng kinh mao
quan khi s&r dung chét tao mao quan la CMC cao hon
rét nhiéu so véi ZSM-5 théng thuong (khong st dung
chat tao mao quén). D€ so sanh khad nang tao mao
quan trung binh va nang cao dién tich bé mat cla chéat
tao mao quan la dan xuét cellulose, da nghién clu su
dung chét tao mao quan CTAB (la chét tao mao quan
dang thuong mai) v&i muc dung la 0,24 (g). Sau qua
trinh t8ng hop, vat liéu zeolit thu dugc dugc phan tich
bang phuong phap hdp phu va nha hdp phu N (BET).
Két quéa thu dugc dugc thé hién trong hinh 4.

GIAW: 0,474 - DesoTpIEN

oo X 02 03 o7 08 09 10

04 05 08
Relativa Pressure (pip®)

Hinh 4: Budng dang nhiét hp/nhp Na ctia ZSM-5 khi str
dung chat tao mao quan thuong mai CTAB

Khi st dung chat tao mao quén la CTAB, dién tich bé
mat va thé tich mao quan cla vét liéu zeolite thu dugc
tuong Ung 1a 426,5 m?/g va 0,17 cm?/g. Cac két qua
thu dugc nay khé tuong dong (thdp han mét it) so vdi
két qua khi sir dung chét tao mao quan la CMC. Biéu
nay cng ndi lén rang, CMC c6 kha nang ho trg tt
cho kh& ndng tao mao quan trung binh va gilp nang
cao dién tich bé méat cla vat liéu zeolit ZSM-5.

Nghién cdu (ng dung xuc tdc zeolit ZSM-5 cho
phdn (ng isome héa epoxit

Trong cac phan Ung téng hop hitu co, xdc tac co vai
trd rdt quan trong gilp thuc ddy phan Ung dién ra véi
t6c do cao va thu nhan dugc san phdm muc tiéu vai
hiéu sudt I6n. Vi vay, da nghién clu Ung dung zeolit
ZSM-5 mao quan trung binh thu dugc lam xtc tac cho
phan Ung sép xép lai styren oxit dé thu nhan
phenylacetandehit. Ngoai ra, dung méi cd anh hudng
quan trong dén hiéu qua clia phan Ung, cu thé la cé
anh hudng dén hiéu sut chuyén héa chat tham gia
phan Ung va do chon loc. Dung méi dugc st dung vdi
muc dich la hoa tan cac tdc nhan phéan Uing, tao diéu
kién thuan Igi cho phan Ung xay ra bang cach tang kha
nang tiép xUc va va cham gitia cac tdc nhan vdi nhau
va gilia tac nhan vdi xic tac. Do do, phan Ung isome
hoda styren oxit s& dung xUc tac ZSM-5 da dugc tién
hanh trong cac dung mobi khac nhau. Diéu kién tién
hanh thi nghiém cu thé nhu sau: muc dung xdc tac la
5%, trong thdi gian phan Ung la 2h & nhiét dé 50 °C,
trong dung mai toluen, aceton, dicloro metan (CHxCly)
va metanol. Két qua thu dugc dudc trinh bay trong
bang 2.

Bang 2: Anh hudng clia dung mai lén hiéu sudt chuyén
héa styren oxit

ZSM-5 mao quén ZSM-5
Dung trung binh théng thudng
moi 1976} 19¢) bo bé
chuyén | chon | chuyén | chon
héa,% | loc, % | hda, % | loc, %
Toluen 55,1 84,0 35,0 83,0
Axeton 98,2 83,1 68,2 83,2
CH.Cl, 96,7 82,6 - -
Metanol 48,9 82,9 - -

Nhin vao két qué thu dugc trong béang 2 ta théy vdi
dung méi st dung 1a metanol cho hiéu suét chuyén
hoa styren oxit thdp nhat trong cac loai dung mdi s
dung vd&i dé chuyén hoa la 48,9% va dé chon loc &

https://doi.org/10.51316/jca.2023.025
28


https://doi.org/10.51316/jca.2023.025

Vietnam Journal of Catalysis and Adsorption, 12 —issue 2 (2023) 25-29

muc trung binh 1a 82,9%. Diéu nay cé thé dugc gidi
thich la do c6 sy lién két hydro gitta cac tdm axit cla
xUc tac zeolit v&i methanol, lam gidm luc axit cla xic
tac va giam hoat tinh xdc tac. Hon nia, khi si dung
xUc tc mao quan trung binh cho két qua cao hon han
khi st dung xuc tac zeolit ZSM-5 théng thudng. Vdi
dung moi methanol, s& dung xuc tac ZSM-5 théng
thuong & cung diéu kién phan Ung cho hiéu suét
chuyén hoa styrene khodng 35%.

Khi thay d&i dung méi la toluen thi dé chuyén héa
styren co tang 1én, nhung van khong thuc su cao chi
khodng 55,1%. Tuy nhién dé chon loc san pham muc
tiéu phenylacetandehit khi s&t dung toluen lai rat cao,
cao nhét trong cac loai dung méi (84%). D6 chon loc
khi st dung toluene 1a cao nhét cé thé 1a do su gidng
nhau vé cdu tric cla dung maéi toluen va tadc nhan
phan Ung styren oxit cling nhu san phdm muc tiéu
phenylacetaldehyde [9]. V&i dung mai la aceton thi cho
hiéu sudt chuyén hoa la cao nhét 98,2%, vasi do chon
loc cling tuong déi cao Ia 83,1%. Cao hon han khi st
dung xuc tac zeolite ZSM-5 théng thudng (phan Ung
trong dung méi axeton), v&i hiéu sudt chuyén hoa
khodng 68,2%. Két qua thu dugc nay tuong ducng
hodc cao hon so vdéi hiéu sudt chuyén hda clia epoxit
trong mét s tai liéu tham khao [3,9,11].

Nhu vay co thé thdy nhd su gia tang dién tich bé mat
cling nhu kich thudc mao quan, gilip cho hoat tinh xdc
tac va hiéu qua xdc tac cla ZSM-5 mao quan trung
binh cao hon hdn so v&i ZSM-5 thong thudng trong
phan Ung isome héa epoxit. Ngoai ra, cling théy rang
dung méi cé anh hudng quan trong dén hiéu qua cla
phan Ung. Tuy nhién cling c6 thé thdy rang, su chénh
léch vé doé chon loc phan Ung gilta cac dung moi sur
dung la khéng cao. Bén canh do, khi s dung dung
moi la axeton thi phan Ung sdp xép lai styren oxit vira
6 hiéu sudt phan ng cao via c6 do chon loc cao (tao
thanh phenylacetandehit).

Két luan

D3 téng hgp thanh céng zeolit ZSM-5 mao quén trung
binh bang phuong phép thay nhiét, st dung chét tao
mao quan CMC la chét c6 ngudn gbc tu nhién, mét
dan xuét clia cellulose. Vét liéu xuc tac thu dudc cd do

tinh thé cao, kich thudc hat déng déu, dién tich bé mat
I6n va hoat tinh xUc tac cao.

XUc tac zeolit ZSM-5 mao quén trung binh d& thé hién
hoat tinh xUc tac cao, d6 chon loc cao véi d6 chuyén
hda trén 98% trong phan Uing sép xép lai styren oxit dé
thu nhan phenylacetandehit.

L&i cam on

Nén cliu nay dugc tai trg bdi Quy Phat trién Khoa hoc
va Céng nghé Quéc gia (NAFOSTED) trong dé tai
04.01-2020.14.
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