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In the present work, the benzylation of aromatics by benzyl chloride
using Al-bentonite as a catalyst was investigated. Al-bentonite material
showed both high conversation and high selectivity for the alkylation of
aromatics. The present study investigated the influence of different
parameters such as the ratio of n,-/n, .. in Al-bentonite synthesis, the

amount of the catalyst, and temperature affecting the activity of the
catalyst on the benzylation of p-xylene was reported. The kinetics of

the p-xylene benzylation over this catalyst was demonstrated. The
activation energy for the p-xylene benzylation over Al-bentonite was
determined 136,62 kJ/mol.

Gidi thiéu chung

Céc phan Ung Friedel-Crafts dugc xem la mét trong
nhiing phan Ung quan trong nhét trong téng hop hiu
ca, dac biét 1a phan Ung benzyl héa arene trong téng
hop cac dan xuat diarylmethane sif dung xdc tac axit
Lewis va Bronsted dong thé [1]. BE khac phuc nhiing
nhugc diém clia xtc tac dong thé, nhiéu loai xic tac rén
da dugc nghién clu [2,3]. Choudhary va déng nghiép
[4] nghién cltu phdn Ung benzyl hda va benzoyl hda
cac hgp chét thom bang benzyl chloride va benzoyl
chloride trén xtc tac GaAlCl-Mont.K-10. Két qua nghién
cliu déng hoc cho thay cac phan Ung trén xdc tac nay
tuan theo quy luat déng hoc bac 1 khi cho du hgp chét
hitu cg. Nhom tac gid Choudary [5] nghién cliu phan Ung
benzyl héa benzene, toluene va cac hgp chat tham khac
trén xic tac khac nhau Fe**-bentonite, FePILC, AIPILC,
TIPILC, ZrPICL, CePICL (PICL la viét tat clia ti pillared clay).
Két qua cho thay FePILC c6 hoat tinh xtc tac cao nhat do
thé khir clia cap Fe*/Fe?* nhé. Ngoai ra, nhdm téc gia nay
nhan thdy néu khoang sét chi trao déi ion Fe** thi hoat
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tinh xUc tac yéu han khoang sét chen cac polycation hay
oligome Fe. Biéu nay cho thdy hoat tinh xic tac cao hay
thap khong chi quyét dinh bai ham luong Fe** co trong
khodng sét ma con quyét dinh bdi yéu t6 khac nhu tac
nhan chén va chéng khoang sét la gi va & dang nao.

Vat liéu Al-bentonite la san phdm cla quéa trinh chen
cac polycation aluminium vao bentonite [6-8]. Cac
polycation nay dugc diéu ché thong qua qua trinh thay
phan cac cation AP* trong moi trudng kiém. Sy thay
phan cation Al ** trong méi trudng kiém tly thudc vao
diéu kién thuc nghiém sé& thu dugc cac cdu ti chinh
trong dung dich tao ra tru chdng: cation monome A,
ion Keggin Ahs va cac ion polyme Al khac vdi thanh
phan chua xéac dinh. Nhiéu nghién ctu cho théy vat liéu
Al-bentonite c6 dién tich bé mat I6n va cha nhiéu tdm
axit Lewis cling nhu Bronsted, cho nén ching cé nhiéu
Ung dung trong linh vuc hdp phu va xic tac [7-10].
Trong nghién clu nay, bentonite C6 Binh dugc chen
chéng bang ion Keggin Als lam chéat xdc tac trong
phan Ung alkyl hda cac hgp chat thom bang benzyl
chloride, dac biét la phan Ung benzyl hda p-xylene
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bang benzyl chloride. Phan Uing nay rét hdp dan vi san
ph&m phan Ung diphenylmethane (DPM) dugc st dung
nhiéu trong téng hop dugc phédm va hoda chat tinh
khiét.

Thuc nghiém va phuang phap nghién cdu
Héa chdt

AICI3 (Guang zhou, Trung Qudc, 99%), NaOH (Xilong,
Trung Quéc, > 96%), C7H7Cl (Merck), CsHs (Merck),
C/Hs  (Merck), p-CsHio  (Merck), CeHsBr  (Merck),
bentonite C6 Dinh d& tinh ché co thanh phan hda hoc
SiO2 69,1, AlzOs3 18,7, Fe20s5 4,4, TiO2 0,37, MgO 4,19,
Ca0 2,93, K20 0,25, and Naz20 0,07 (% vé khéi lugng)

Tong hop vt liéu Al-bentonite [17]

T8ng hop dung dich Al-pillaring [AhsO4(OH)24(H20)12)"
Cho tur tu tung giot V mL dung dich NaOH 0,1M vao
100 mL dung dich AICz 0M theo ti & mol

X=ng,- N, ti€n hanh khudy & 343K trong 7 h, sau do

lam gia hdn hop & nhiét do phong trong 24 h; thu
dugc dung dich 1. Cho 1,0 g bentonite C6 Dinh da tinh
ché vao 100 mL nudc cét, khudy manh trong 5 h & nhiét
dé phong; thu dugc huyén phu 2. Cho tur ti dung dich
1 vao huyén phu 2, tién hanh khudy & nhiét dé phong
trong 24 h. Sau do li tdm, loc rira san pham, sdy kho &
373K trong 5 h. Nghién va gitt san phdm trong chai
thuy tinh. Ki hiéu mau Ia xAIB, trong do6 x la ti 1é mol

N,,-/N,s - Trong nghién cliu nay, 6 dinh ndng doé huyén

phti bentonite 1,0%, thay déi ti Ié mol n_, . /n, . lan luot
2,4,2,0val0.

Phdn (ng alkyl héa cdc hgp chdt thom bdng benzyl
chloride

Phan Ung alkyl hda cac hgp chét thom khac nhau bang
benzyl chloride dugc thuc hién trong binh cdu 2 c6
dung dich 250 mL, mét ¢ dugc néi vao hé théng sinh
han hoi luu, mét ¢ dugc nut kin dé dung 1dy lugng san
phdm. Hé théng binh cau dugc dat trén méy khudy tur
gia nhiét. Cho 0,02 g chét xic tac (Al-bentonite) vao
binh cadu 2 ¢6, sau dé cho 10 mL hgp chét thom
(benzene 112,5 mmol, p-xylene 81,0 mmol, toluene 93,9
mmol, bromobenzene 95,22 mmol) vao. DBiéu chinh
nhiét do6 clia hé phédn Ung & 343K, rdi cho tiép 1,0 mL
(14,0 mmol) benzyl chloride vao binh cau, xem day la
thai gian bat dau phan Ung. D6 chuyén hda clia benzyl
chloride dugc xac dinh bang phuong phép GC-MS. Do
chuyén héa cla benzyl chloride dugc tinh theo céng
thuc:

D6 chuyén hoa (%) = S =5 100 (1)
S

0
Trong dé So va S lan lugt la dién tich peak cla benzyl
chloride tai thoi diém ban dau va tai thai diém t phan ing.

Phuong phé.p GC-MS dung dé dinh tinh va dinh luong
san phdm phan Ung. Cac mau dugc do trén may
Shimadzu; phédn mém GC2010; detector: FID; cét Equity
5%; t6c dé dong khi mang 1,05 mil/phdt; nhiét do
budng mau: 1273K; thé tich mau 2 pl.

Phdn (ing benzyl héa p-xylene bdng benzyl chloride

Tién hanh thi nghiém nhu trén, tuy nhién, trong nghién
cliu nay ching téi theo déi phan Uing theo thdi gian, ¢
dinh ti 1& mol p-xylene : benzyl chloride 22:1. Sau nhiing
khodng thai gian phan Uing nhat dinh, mau dugc ldy ra, ly
tam loai bd chét xic tac. San phdm phan Ung va dé
chuyén hoa clia benzyl chloride dugc xac dinh bang
phuong phap GC-MS.

Khado sat cac yéu t& anh hudng dén phan Ung benzyl
héa p-xylene bang benzyl chloride nhu ham lugng chét
xUc tac (0,01 g, 0,02 g, 0,04 g) va nhiét dé phan Ung
(343K, 353K, 363K).

Két qua va thao luan

Céc dac trung cla vat liéu Al-bentonite dugc trinh bay
3 mét bai béo khac. Khi chen cac cation oligomer Al
vao gilla khodng gilta cac I6p cua bentonite, khoang
cach khéng gian door clia cac mau Al-bentonite 16n hon
mau B (doo1 = 14,4 A) va tdng dan theo th( tu sau: 1AIB
(door = 16,9 A) < 2AIB (doo1 = 17,9 A) < 2,4AIB (door =
17,9 A). Dién tich bé mat tinh clla bentonite ban dau va
Al-bentonite lan lugt 1a 14,4 m?/g (B), 152 m?/g (2AIB)
va 170,13 m?/g (2,4AIB). Trong bai bao nay, ching toi
tdp trung gidi thiéu tinh chat xic tac cta vat liéu Al-
bentonite d& téng hap.

Lua chon xuc tdc

Trong phan thuc nghiém, ching toi da trinh bay qua
trinh téng hop cac loai vét liéu Al-bentonite & nhiing ti
lé mol OH™ /AP* khac nhau. O phan nay, ching toi sut
dung cac vat liéu da téng hop lam xdc tac cho phan
Ung alkyl hda Friedel-Crafts. Hinh 1 trinh bay dé chuyén
hda cla benzyl chloride (BC) theo thdi gian trong phan
Ung benzyl hda p-xylene trén cac xic tac khac nhau.
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Hinh 1: D6 chuyén hoa benzyl chloride theo thai gian
trén xuc tac Al-bentonite va bentonite (B) (T = 343K, ti
|é mol p-xylene: benzy! chloride 22:1, khéi lugng xtc
tac: 0,02 g (B: 0,2 g)).

V&i cac mau Al-bentonite t8ng hgp & cac ti 1& mol
Now- Ny kndc nhau, do chuyén héa benzyl chloride
gidm theo thi tu 2AIB ~ 2,4AIB > 1AIB. Tuy nhién, do
chuyén hoa benzyl chloride dat 100% sau 60 phut phan
Ung déi vdi xic tac 2AIB va 2,4AIB. Bentonite tinh ché
(B) c6 cac tam axit Lewis nén cling co kha néng xdc tac
cho phan Ung benzyl hda p-xylen, tuy nhién hoat tinh
xUc tac thdp cé thé 1a do s6 lugng tam xuc tac khong
nhigu. Bentonite bién tinh, vd&i sy c& mat cla ion Keggin
Al3 hay cac dang cation aluminium khéc trong vat liéu,
c6 dién tich bé mat Ién hon nén kha nang xdc tac cao
han. Nghién cu ctiia B.M. Choudary va cong su [4] chi
ra rang trong phan Ung benzyl héa toluene, hoat tinh
clia chét xtc tac cao khong chi do ham lugng céc
cation cao ma con do dang ton tai cla tac nhan chéng
bentonite la cac oligomer. Su gidi thich nay la phu hop
cho nghién clu ctia ching téi. San phdm phan tng thu
dugc chi c6 1-benzyl-2,4-dimethylbenzene (BDMB). TUu
nghién cltu nay, ching toi chon mau 2AIB cho nhiing
nghién cdu tiép theo.

Phdn (ing benzyl héa vdi cdc hgp chdt thom khdc nhau

Dé khdo st anh hudng cla cac nhém thé dinh vao
nhan thom dén phan (ng alkyl héa Friedel-Crafts,
ching t6i st dung cac hdp chét thom khac nhau trén
xUc tac 2AIB theo s do 1.

Ar-H + CH<CH,CI —» ArCHy CHs + HCL

e GO00

Sa do 1: Phan Ung benzyl hda hgp chat tham
trén xuc tac 2AIB.
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Hinh 2 la gidn dd GC-MS cla cac phan Ung gilta benzyl
chloride véi cac hgp chat thom khac nhau trén xuc tac
2AIB. S&n phdm phan (ing dugc trinh bay & bang 1.
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Hinh 2: Gidn dé GC-MS cla phan Ung gitta benzyl
chloride vdi cac hgp chét tham khac nhau:
(a) BC + Benzene, (b) BC + Toluene,
(c) BC + p-Xylene, (d) BC + Bromobenzene
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Do chuyén hda benzyl chloride va san phdm phan tng
dugc trinh bay & bang 1.
Bang 1: Phéan Ung alkyl hoa véi cac hgp chéat tham
khac nhau.
Do chuyén hoa

H?ﬁdcn:wat benzyl chloride San pzim phan
(%) °

Benzene 100 DPM (100%)

2-MDPM (43,78%)

Toluene 100 4-MDPM (56.22%)

p-Xylene 100 BDMB (100%)

Bromo A .

benzene Khéng phan Ung

Diéu kién phan (ng: hgp chét tham: 10 mL, benzyl chloride: 1
mL, xUc tac: 20 mg, nhiét do: 343K, thai gian: 90 phut. DMP:
diphenylmethane, MDPM: methyldiphenylmethane, BDMB:
benzyl-2,4-dimethylbenzene.

Trong 4 hgp chét khéo sat, brom benzene khéng tuang
tac vdi benzyl chloride trén xUc tac st dung. Biéu nay
phu hgp vdi ly thuyét cho rang phan Ung alkyl hoa
khong xay ra trén vong benzene ¢ nhom hut electron.
Trong phan Ung alkyl héa vdi benzene, toluene, p-
xylene, d6 chuyén hda benzyl chloride dat 100%, dé
chon loc s&n phdm DPM, BDMB 100%. Riéng vdi trudng
hop toluene, dé chon loc 4-MDPM cao han so vdi 2-
MDPM. Théng thudng phan Uing alkyl hda rat khod ding
& don alkyl héa vi nhém alkyl 1 nhém tang hoat hoda
nhan thom lam cho nhan tham cé thé nhan thém nhiéu
nhom alkyl nita, dan dén su da alkyl hoa. DE tranh su
da alkyl hoa, thudng ngudi ta ding du hgp chét thom.
Theo nghién clfu cla S. Sebti va cong su [11], mac du si
dung du hgp chét thom nhung san pham dialkyl thu
dugc cling chiém ham lugng khé I6n trén cac xic tac
HAP, ZnCl2/HAP, NiCl2/HAP, CuClz/HAP. Dé kiém
chiing xem phén Uing benzyl hda cac hgp chét thom cé
kéem theo cac san phédm phu dialkyl hay khéng, ching
toi da tién hanh kéo dai thai gian phan (ng dén 5 h va
két qua thu dugc rét kha quan. Phé do GC-MS cho théy
khong co bét c mot san phdm phu nao ngoai cac san
phdm da trinh bay & Bang 1. Day la diém ndi bat cla
xUc tac Al-bentonite. K&t qua nay md& ra mét trién vong
trong viéc sir dung vat liéu Al-bentonite xic tac cho
phan Ung alkyl hoa cac hgp chat tham.

Anh hubng cta lugng chdt xic tdc dén phdn tng benzyl
héa p-xylene bdng benzy! chloride

Trong thi nghiém nay, khéi lugng chét xdc tac thay déi
tlr 0,01 dén 0,04 g, ti 1& mol p-xylene : benzyl chloride
22:1, nhiét dé 343K. Két qua khao sét su phu thudc cla
d6 chuyén hda benzyl chloride theo thdi gian trén xic
tdc 2AIB vdi lugng chét xuc tac khéac nhau trinh bay &
Hinh 3a.
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Hinh 3: D6 chuyén hoa benzyl chloride theo thai gian
trén xUc tac 2AIB vdi lugng chét xdc tac khac nhau (a)
va vdi nhiét do khac nhau (b).

Khi tang ham lugng chat xdc tac, dé chuyén héa benzyl
chloride ting, san pham thu dugc van 1a monoalkyl.
Khéi luong chét xtc tac 0,04 g thi do chuyén hoa BC
dat 100% sau 30 phdt. Khéi lugng chét xtc tac 0,01 g va
0,02 g thi d6 chuyén hda BC dat 88,3% va 99,8% sau 60
phut. Khi tdng ham lugng chat xuc tac, s6 tdm xuic tac
tdng nén tuang tac gilta cac chéat phan Ung vai cac tdm
hap phu nhiéu hon, do d6 do chuyén hoa BC tang.

Anh hudng cta nhiét d6 dén phdn (mg benzyl héa p-
xylene bdng benzyl chloride. Déng hoc phdn Ung

Hinh 3b trinh bay d6 chuyén hoa cla benzyl chloride
theo thdi gian trén xdc tac 2AIB & cac nhiét do khac
nhau vdi ti 1&6 mol p-xylene : benzyl chloride 22:1, khdi
luong xuc tac 0,02 g. TU Hinh 3b nhén thdy dé chuyén
hda benzyl chloride tang khi tdng nhiét do tr 343K dén
363K. San pham dialkyl cling khéng thédy xudt hién trén
phé GC-MS.

Boéng hoc phdn ting

Tai mét nhiét do da cho, t6c do clia phan Ung benzyl
hda p-xylene la ham s6 phu thudc vao ndng do clia cac
chat tham gia phan Ung, lugng xuc tac va thdi gian
phan Ung. Tuy nhién, trong diéu kién khdo sat, dong
hoc xem nhu chi phu thudc vao ndéng do benzyl
chloride. Cac di kién thuc nghiém cho thay phan tng
https://doi.org/10.62239/jca.2024.071
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benzyl hda p-xylene khi cho du p-xylene phu hgp vdi
mo hinh déng hoc bac nhat:

1
Inl — |=k.(t-t,) @)
1—
Trong do, k (phut™ 1& hing s6 t6c db cla phan Ung
bac 1, x 1a d6 chuyén héa cla benzyl chloride, t la thdi
gian phan Ung (phut), o 1a thai gian cdm dng (phut).
Hinh 4a la dd thi m6 hinh déng hoc bac nhat clia phan
Ung benzyl hda p-xylen & cac nhiét dé khac nhau trén
xUc tac khdo sat.

(a)

In [1/(1-x)]

t (phut)

0.0

(b)
V= -16432x + 44,911
054 R*=0,993

Ink

2.0 o

2.810° 2.9.10° 2.9107%

T (K"
Hinh 4: D6 thi moé hinh dong hoc béac 1 clia phéan Ung
benzyl hda p-xylene trén xuc tac 2AIB & cac nhiét do
khac nhau (a) va su phu thudc Ink vao 1/T (b).

2.810° 2.810°

Céc tham s6 thu dugc tir phuang trinh dong hoc bac 1
dugc tém tat & Bang 2.

TU bang 2 nhan thédy nhiét do cang cao, thai gian ban
phan Ung cang ngan, cu thé T2 (phdt) gidm theo nhiét
dd 343K (T2 = 21,8 phdt) > 353K (16,1 phdt) > 363K
(11,1 phat). Trong khi dé, hang s6 téc do cang tang theo
nhiét do, cu thé k (phdt™ ting theo thir ty 343K (k =
0,047 phat™) > 353K (0,22 phat™) > 363K (0,656 phut™).
So vdi két qua cong bé cla cac nghién cliu khac trén
cac xUc tac khac nhau (In203/H-ZSM-5a: k = 0,153 phut
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' & 353K [12], Fe-HMS-50: k = 0,016 phut™ & 348K [13],
Cu-HMS-50: k = 0,018 phut™ & 348K [14]), vat liéu 2AIB
¢4 hoat tinh xUc tac cao trong phan Ung benzyl hda p-
xylen.

Bang 2: Cac tham sé thu dugc tir phuong trinh dong
hoc bac 1 benzyl hda p-xylen trén xdc tac 2AIB.

Thai Thdi gian
Nhiet do cé%a;ng pbhaénn R°
4]
(K) (phut) ung, Tie (phdt)
(phat)
343 7,0 21,8 0,047 0,906
353 12,9 16,1 0,220 0,909
363 10,0 11,1 0,656 0,985

Ndng luong hoat hda

TU bang 2 nhén théy khi tang nhiét do, hang s téc do
k tang. Do do, dua vao phucng trinh Arrhénius, ta tinh
dugc nang lugng hoat héa clia phan Ung theo biéu

thic: Ink =— E, +InA 3)
RT

Trong d6 Ea la nang luong hoat hoa; k la hang sé téc
dé phan Ung, A la thifa s6 tan s6.

TU Hinh 4b, ndng lugng hoat héa cla phan dng trén
xUc tac 2AIB tinh dugc la 136,62 kJ/mol. Gia tri nang
luong hoat héa nay gan bang véi cong bé cta Lin T. va
céng su [15], 132,6 kl/mol trén xdc tac 8-FeZ va 140,2
kJ/moltrén xuc tac 2.5-FeZ.

K&t luan

Vat liéu Al-bentonite la chat xic tac t6t cho phan Ung
gitia benzy!l chloride vai cac hgp chéat tham khac nhau
véi dé chon loc va db chuyén hoa cao, khdong cé san
phédm phu. D6 chuyén héa benzyl chloride dat 100%
sau 60 phut déi vai cac mau Al-bentonite t6ng hap vai

tile mol ng,-/n, s 2,0 va 2,4. Bong hoc phan tng benzyl

héa p-xylene khi cho du p-xylene tuan theo mé hinh
dong hoc bac 1. Téc dé phan Ung nay tang theo nhiét
dé va nang lugng hoat hda cla phan Ung xac dinh
dugc la 136,62 kJ/mal.
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