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SUMMARY

The alkylation of benzene over Ga-MCM-22 zeolite by ethanol was performed successfully.
The influence of temperature, spuace velocity, feed vatio and time-on-streanm on the ethylation of
benzene was investigated, It as been shown that Ga-MCM-22 was suitable for the ethylation of
benzene with ethanol. Based on the experimental results, the dynamic and chemical mechanisms

of the process were proposed.

1- MO DAU

Cung v6i sy phdt trién cha cong nghicp dau
mo, cong nghé hoa dau da déng gop khong nho
vao qué trinh chuyén héa cic hgp chét hitu co
¢6 ngudn goc ddu mo trg thanh nhing san pham
cd gid tri, phuc vu cho ¢dc muc dich kinh 1€, xa
hoi. Trong s0 dé phai ké dén benzen, toluen,
xilen (BTX). Day 1 ba hop chat ddu co ban va
cO (tng dung quan trong nhat trong nganh cong
nghé tdng hop hitu co - hoa diu. Cic san pham
nay dugc tao ra 1r hai qud tinh chinh 1
refominh va thom hoéa hidrocachbon nhe. Viéc
mot luong rat 1on céc san phdm trén duoc tao ra
- dac biét 1a benzen - da thic ddy cdc nha khoa
hoc nghién cifu chuyén héa ching thanh cac san
phdm c6 gid tri kinh 1€ va gid uri sit dung cao
hon nhu etylbenzen, cumen.... Phan tng ankyl
hoéa benzen v8i cdc tic nhan ancol hodc anken
khdc nhau déng vai trd quan trong dé thuc hién
muc dich né1 trén.

Nhitng nam dau cua thap nién 90, cic
chuyén gia coa hang Mobil da téng hgp ra mot
loai vat liéu mdi ¢6 wn la MCM-22 [1]. bay la
mot vat liéu xac 1dc ddy hida hen cho qué trinh
anbkyl hoa vi dién tich bé mait riéng l6n, tinh
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bén nhiét cao, tinh axit khéng qud manh va dic
biét vé cdu tric — két hop dugc ca hai dang rong
va 16 hep [2 - 5). Thuc 1€, xiic tac dua trén ¢o sd
MCM-22 da bat dau ducgc tng dung trong qud
trinh ankyl héa pha long theo Mobil — Raytheon
[6]. V&i vai tro dng dung va su 1y thi khoa hoc
nhu vay, bi€n tinh vat li¢u MCM-22 nham nang
cao hon nita kha nang dng dung cua né dang la
dé tal mang tinh chal thoi sy cua cdc nha khoa
161 da tién hanh bién tinh MCM-22, khao st céic
dac trung vad kha nang xic tidc cho phan (ng
ankyl héa benzen.

I1 - THUC NGHIEM

MCM-22 duoc t6ng hop theo phuong phép
thuy nhiét |7]. Nhom dang Bohmit duoc hod tan
trong dung dich chira NaOH; cho thuy tinh long
(27.8% $i0;) vao dung dich chita nhom trén.
Khudy ki cho 16i khi tao thanh gel & pH ~ 12 thi
thém nhanh chét tao cau tric hexametylenimin
(HMI) vao. Gel duge tao ra co U e SiO./ALO, =
30. Sau khi gia héa gel ¢ diéu kién tinh, gel
dugc chuyén vao binh Teflon dat trong
Autoclave. U gel & 150°C trong 9 ngay lién tuc.



San pham bot duge ria dén méi trudng trung
tinh, lam khé & 120°C trong 2 gi®, nung ¢ 500°C
trong 5 gid vai dong khong khi kho. Dang Na-
MCM-22 duge chuyén thinh dang H-MCM-22
bing phuong phdp trao déi ion NH;' roi nung v
S500°C trong 5 gio. Xic tic H-MCM-22 lai uiép
(ue trao doi ion vai dung dich Ga(NG,); 0,1 M &
80°C trong 12 gidy. Sy trao doi ciing duoge lap lai
3 1an. Xic tac duge sdy va nung & 500°C trong 5
gid. O day. ching toi di bién tinh MCM-22
bang céch trao d6i ion Ga™ thay thé H™. Dang
cudi cung cua qua trinh trao déi 12 dang Ga-
MCM-22.

Xdc tdc diéu ch€ duge khang dinh cdu tric
bing phuong phap nhiéu xa tia X, phé hong
ngoai, hién vi dién o quél SEM. Miuc do trao
doi ion duge xdc dinh qua phan tich ham lugng
Na' trong mau wrude va sau khi trao doi. Ham
luong Ga wrong méau ciing duge phan tich bang
phuong phap AAS. Do axit va su phan b cdc
1am axit rén xic e duge do bang phuong phap
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Ham luong Na trong méu trude trao ddj 1
22.107% va sau trao doi 1a 6.10°% ung véi
thanh phin % trao doéi 1a ~ 73%. Ham lugng Ga
trong mau xdc tdc bi€n tinh 14 0,85%.

Khi do do axit bang phuong phép giai hip
phu amoniac cua hai mau xde tdac H-MCM-22
vit miu Ga-MCM-22 ching 16i thiy rang: ca ha
mau déu chi yéu gom ¢ac tam axit trung binh
va yéu. Tuy nhién, viée ching 16i trao doi ion

giai hap phu amoniac NH,-TPD.

Cac phan ing xic tic duge thuc hién theo
phuong phdp dong trong 10 6ng ¢ dp suat
thudong. Xic tac duge hoat héa wong dong
khong khi kho 5 gid ¢ 500°C trudce khi thuc hién
phan tng. Chil phan dng duoc pha theo ti 1@
dinh trude va dua vao 6ng phan dng bang thiétl
bi bom mau tu dong. San phdm dugc ngung O
dang 16ng va phan tich trén may sic ki GS-MS.

111 - KET QUA VA THAO LUAN

Qua két qua nhiéu xa tia X (hinh 1) cha mau
vl lieu diéu ché, ching 161 thdy ring nhimg
dinh pic dac trung cho cdu tric tinh thé coa
MCM-22 déu xudt hién rd rang, sac nét. Nhimg
dang hinh 14 hay dia mong ciua dang val licu cdu
tric MCM-22 ciing rat ro wén hinh chup hién vi
dién 1 quét SEM (hinh 2). Nhu vay. khang dinh
mau vat lidu ching 161 diéu ch¢ duoc fa vat liéu
¢O cidu tride MCM-22,

Hinli 2: Anh SEM

Ga'™ da fam cho d¢ axil coa Ga-MCM-22 giam
50 voi H-MCM-22. Cu thé la dinh giai hip phu
dic rung cho tam axit trung binh va y&u ¢ T,
~ 370°C va 215°C cia H-MCM-22 dich chuyén
vé T,..~ 350°C va 190"C trong mau Ga-MCM-
22. Mat khac, dudng gidi hip phu ciia Ga-
MCM-22 ciing thip hon so v H-MCM-22.
Viée giam do axit clha xdc tic bién tinh ¢é ¥
ﬂghld guan trong vi phan dng anky] héa khong
cdn Unh axit qud manh
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Nghién cis phan itng ankyl hoa benzen bing
etanol
a) Anh huong ciia nhiét dé

Phan ung ankyl héa bang etanol tuyél déi

TEU S Bl va TerDw T

(a)

trén xdc tac Ga-MCM-22 dugc ti€n hanh véi tdc
do thé tich 4 h'', 1 1& mol etanol/benzen la 1 : 6,
mau 14y ra phan tich sau 20 phiit. Két qua duge
trinh by & bang 1.

TCD Sl - WA ;

- | l

W \\ 1 5
_,,::: E / A4 N |
fun |
}wo / \\‘L\.
Bl '

oot

w12

WO = N W W & W =

(b)

Hinh 3: Gian d6 NH,-TPD cia (a) Ga-MCM-22 va (b) H-MCM-22

Bing 1: Anh hudng ciia nhiét do dén phan ing ankyl héa benzen bing etanol

Nhi?t‘ do, Dh(“_)éz!iizin Ham lugng mét s6 san pham chinh, % 6 chon loc
C benzen, % Etylbenzen | Toluen | Cumen | Pietylbenzen | etylbenzen, %
200 43,18 13,17 - 0,66 30,45
250 50,58 18,06 0.68 0,48 2,03 3570 |
300 52,58 29,23 2,67 1,44 4,88 55,59
350 57,03 38,54 2,97 1,82 8,47 67,57
400 46,15 32,07 6,30 0,77 4,82 69,48

Két qua cho thdy ¢ nhiét do thap 200°C,
phan dng dat do chuyén héa khd cao. Tuy nhién,
khoang nhiét do nay thuan loi cho phan ing tao
san phdm phu la dietylete. O nhiét do cao hon,
chuyén héa clha phin (ng theo huéng mong
mudn dal kha tot va do chon loc san pham
etylbenzen cao hon han. San phdm phu chu yéu
14 dietylbenzen, ngoai ra con ¢6 toluen, cumen,
xilen... véi lugng it hon. Cic hop chdt phan wr
luong nhé tao thanh khong ding ké. So véi H-
MCM-22 [8] thi trén xic tdc Ga-MCM-22 cé it
san pham phu hon. C6 thé sy giam tinh axit da
han ché qua trinh cit mach va lam tang do chon
loc san pham. Tuy luong dietylbenzen & 350°C
cao hon & 400°C nhung ching téi vin chon nhiét
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do thip lam nhiét do ti€p tuc nghién ciu vi o
day do chon loc etylbenzen van cao nhu & 400°C
va d6 chuyén hoa etylbenzen cao hon kha nhidu,

b) Anlt huidng ciia 1y 16 nguyén liéu

Diéu kién 1i€n hanh nghién ciu nhu sau:
nhiét do 350°C, t6¢ do thé tich 4 h*, miu duoc
ldy phan tich sau 20 phit phan ng. Két qua
dugc trinh bay & bang 2.

Chdng t6i thdy ring: ndéi chung, khi ti lé
etanol/benzen tang thi do chuyén héa tang, do
chon loc giam. Song cé mot diém dac biét 1a
hiéu sudt phan {ng 1t sau ti 1é etanol/benzen =
1/6 tang cham, khong c6 diém cuc dai. Piéu nay



cho phép chiing téi lién h¢ dén co ché dong hoc
cia phan (ng. Phan Gng ¢é thé xdy ra dong thoi
theo hai co ché&: ctanol va benzen déng thoi hdp
phu trén hai tam xiic tdc canh nhau vi phan Gng
tao thanh hop chdt trung gian, sau dé giai hap
tao thanh san phim (co ch€ Langmuir-
Hinshelwood) [9] va tdc nhdn phan ting hip phu
trén tam axit tao thanh cacbocation, sau dé hop
chdl thom & pha khi phan tng véi cacbocation
nay dé tao thanh san pham (co ché Rideal-Eley)
[10] nhung co ché Rideal-Eley chiém wu thé

hon. Lién hé vé6i cdu tric MCM-22 ¢6 nhiéu hdc
16m, co ché Rideal-Eley xay ra dé dang hon la ¢é
¢o s8. Mat khéc, sy hdp phu canh tranh trén cic
tam xuc tic tao thanh cation etyl cling dé dang
hon so v&i cation phenyl. Véi ti 1¢ etanol/benzen
= 1/6 thi do chon loc sin phdm etylbenzen la
cao nhat. Ching t6i chon ti 1€ mol etanol/benzen
nay dé khao sét cdc y&u 16 anh hudng ti€p theo.

¢) Anh luidng ciia 16¢ do thé tich

K&t qua duge trinh bay & bang 3.

Bing 2: Anh huéng ciia ti 1¢ mol etanol: benzen dén phdn ting ankyl héa benzen

o b6 chuyén Ham lugng mot s6 san phidm chinh, % Do chon loc
11 t¢ mol ?
E B héa theo - , etylbenzen,
: benzen, % | Etylbenzen | Toluen | Cumen | bietylbenzen %,
1: 1 63,25 31,02 3,08 0,96 12,50 49,05
f:2 61,66 31,90 3,47 3,06 13,01 51,74
1.4 59,82 34,79 2,87 2,22 15,88 58,15
1: 6 57,03 38,54 2,97 1,82 8,47 67,57
1: 8 43,36 2991 2,35 1,44 5,95 68,99

(Ki hi¢u E: B 1a etanol: benzen).

Bing 3. Anh hudng cia 16¢ do thé tich dén phan (ng ankyl héa benzen béng etanol

l"1110ctdﬁ 6 chuyén hod Ham lugng mot s6 san pham chinh, % | i?lo fbtg::; éﬁc
Lh,ﬁc " | theo benzen, % | Etylbenzen | Toluen | Cumen | Dietylbenzen d %
i 2 50,32 24,48 4,14 1,74 6,22 48,64
3 51,86 31,04 4,54 0,74 6,23 39,86
4 57,03 38,54 2,97 1,82 8.47 67,57
5 48,44 31,19 3,32 1,33 8,34 64,38

Tir k&t quéa nhan duge ching 16i thdy rang:
¢ do thé tich 12 4 h'' thi hiéu suat ankyl hoa vi
do chon loc etylbenzen la t6t nhat. Khi toc do
thé tich nho hon 4 h' thi dO chuyén héa lai
giam. Diéu nay ¢6 vé nhu Khéng hop quy luat
thoéng thudng. Theo ching t6t, ¢6 thé giai thich
duya vao su oligome héa ciua etilen hoac
crackinh... {am giam luong tidc nhén ankyl héa
din dén do chuyén héa giam va do chon loc san
phdm ciing giam. Tuy nhién, véi t6c do nho (2
h') thi dé chon lec etylbenzen van kha cao,

ching 10 xic tic Ga-MCM-22 nay rit phu hop
cho qud trinh ankyl héa benzen.
d} Anh lndng ciia mot 36 tde nhan ankyl hod

Pé thay 16 hon vai trd cua kich thude mao
quan, cdc hdc té su chon loc hinh hoc, co ché
cua phan img, ching t6i di tién hanh phan tng
ankyl héa benzen véi m¢t s6 tiéc nhan ancol
khdc nhu: metanol, iseopropanol, a-propanol.
biéu kién tién hanh phan dng: nhiét do 350°C,
t6¢ do thé tich 4 h', ti 1& ancol/benzen = 1/6.
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Thoi gian 18y miu phan tich sdc ki 1a sau 20

phit. K&l qua duge trinh bay & bang 4.

Bdng 4: Phan dng ankyl héa benzen trén moét 56 ancol C, - G,

o Po chuyén B0 chon loc B6 chon loc D¢ chon loc
Ancol héa theo metylbenzen, b (;m Q:; isopropylbenzen,
] o etylbenzen, % _
benzen, % 4 %
Meitanol 64,07 45,58 7,70 7.12
Etanol 57.03 5.21 67,57 3,20
[so-propanol 51,39 6,97 7,18 54,31
| n-propanol 47.56 7,01 6,82 52,28 1

Theo chiéu tang kich thudc phan 1 metanol
< ctanol < propanol, do chuyén héa cia phan
(ng ankyl héa benzen giam. Kich thude phan tr
cang 16m thi kha nang khuéch tdn irong cic kénh
cua xic e cang giam. Ngoid ra, su cong kénh
. ¢on ¢6 the lam giam kha pang 1i¢p can 1am hoat
dong cha xic tdc tir do lam giam hié¢u sulrt phdn
mg. VGi tic nhan metanol, dé chuyén héa cao
hon so véi etanol song do chon loc san phim
kém hon. Chdng 16i cho rang ¢6 hai nguyén
nhan. Thd nhét, cacbocation metyl - hinh thanh
do qud trinh dehidrat héa metanol - kich thuée
déng hoc nho, 1at hoat dong nén dé tham gia
vao cac phan tng thi cdp. Thu hai, kich thude
phan i san pham thé nhiéu 1an nhém metyl van
diu nho dé hinh thanh ma khong bi cdc mao
guan can ud hinh hoc. Vi tic nhan propanol,
¢O Jé sy LEp can 1am xdc tdc kho khan hon - dac
bi¢t wong cdc kénh vong 10 - do kich thudc
phin ur I6n nén do chuyén héa phan dng gidm
xudng. ddng thoi kha nang bi cat mach 16 hon
nén do chon loc san pham ciing thidp hon so véi
ldc nhan ctanol. Nhu vidy, tdc nhan c¢6 kich
thudc trung binh nhu etanol 1a pha hop cho phan
ang ankyl hda benzen trén xic tic khao sil.

Diém quan trong nhdt ma ching 16i rit ra 1a
su tao thanh cing mot san pham chinh iso-
propylbenzen khi dung hai tic nhan iso-
propanol va s-propanol. Diéu nay gigp khang
dinh them co ¢h¢ dong hoc cta phan ang ankyl
héa theo Rideal-Eley: giai doan ddu ancol bi
dehdrat héa two anken, sau dé trén tdm xdc 14c
chuyén thanh cacbocation, ddy mdi Ia tdc nhan
tin cong vao nhidn benzen theo co ché
electrophin. Co c¢hé nay cing giai thich duge
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hiéu sudt chuyén hoa khi ding ise-propanol cao
hon khi diung n-propanol vi ancol bac 2 dé bi
dehidrat hon ancol bac 1.

Theo thén gian, hoat unh xic wic giam dan,
d6 chon loc 1ang. Diéu nay 12 hodn loan tuin
theo quy ludt thong thudng cua quad trinh xic
tac. Khao sit so bd cho thiy Ga-MCM-22 mit
hout tinh sau ~ 3.5 h phan (tng, con H-MCM-22
mdt hoat tinh sau ~ 4 h phan dng. Co thé su xuat
hién cla tam Ga di ud thanh rung tam gay su
tao coc - do kha nang xidc tac oxi hoa khu cua
né - dan i thoi gian song cla xiic lac giam.

1V - KET LUAN

- Pa didu ch€ duge vat licn ¢d cdu e
MCM-22 va bién tinh thanh dang Ga-MCM-22
bang phuong phap trao doi ion. Xac dinh duge
phin tram trao doi va ham luong Ga trong mau
MCM-22 bién tinh bang phuong phap AAS.

- Pi xdc dinh do axit cda xice tic MCM-22
bi¢n tinh bang phuong phép giai hap phu NI.-
TPD. Két qua cho thay do axit coa MCM-22
bién tinh gidm so véi H-MCM-22.

- Pa tuén hanh phdn ung ankyl hdéa benzen
trén xic tdic MCM-22 bién tinh bing etanol véi
cac yéu to anh hudng: nhiét do, to¢ do thé tich,
t l& mol nguvén liéu etanol/benzen, thdi gian
phan dng. Thay rang, phan dng ankyl hoa
benzen bang ctanol trén xdc tdc MCM-22 bién
tinh dién ra dong thoi theo hai co ché Langmuir-
Hinshelwood va Rideal-Eley, trong (6 co ché
Rideal-Eley chiém uu thé hon.



Céng trinh nay duoe sy hé try ctia Chuong trinh
co bdn trong finh vue Khoa hec tie nhién.
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