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NGHIEN CUU PHAN (NG BENZYL HOA p-XYLEN
BANG BENZYL CLORIT TREN XUC TAC Fe-BENTONIT

Nguyén Lé M§ Linh", Hoang Vin Dirc', Dvong Tudn Quang',
L& Thj Hoa’, Dinh Quang Khiéu’, Nguyén Hiru Phé’
" Truomg Dai hoc Swe pham, Dai hpe Hué
*Truwomg Dai hoe Khoa hoe, Dai hoc Hué
SHpi Xiic Tac va Hdp Phu Viét Nam
Dén Toa soan 28-4-2015; Chép nhin ding 10-6-2015

Abstract

The benzylation of p-xylene by benzyl chloride over Fe-bentonite was investigated. The influence of various
parameters such as the ratio of 7,.cyime / Myl chiondes the amount of the catalyst and temperature affecting the
activity of the catalyst on the benzylation of p-xylene using benzyl chloride was investigated. The reaction
kinetics of p-xylene over Fe-bentonite catalyst was also investigated. The results indicated that Fe-bentonite catalyst

showed both high conversation and high selectivity for the benzylation of p-xylene.
Keywords. Fe-bentonite, benzylation, benzyl chloride, p-xylene.

1. DAT VAN DE

Cic phan (mg Friedel-Crafts dugc xem 12 mjt
trong nhimg phan img quan trong nhit trong tong
hop hitu co, djc biét la phan img benzyl héa aren
trong tong hgp céc din xut diaryl metan véi xic tic
axit Lewis va Bronsted dong thé. Tuy nhién, viéc sir
dyung xiic tic dong thé nhu AICl;, H,SO,, H;PO, c6
nhiéu nhuge diém nhu c6 nhidu phan tmg phy (phan
img polyalkyl hoa hay céc phan (g tai sip xép), sy
Zn mon, doc hai, hodn nguyén xic tic ddng thé kha
khé khan (1]. Do vily, sy thay thé cc xic téc axit
léng trong céc phan (mg Friedel-Crafts bang céc xic
tac réin 12 mdt huéng nghién ciru trién vong. Dé khic
phyc nhimg nhuge diém cia xic tic ddng thé, nhiéu
logi xdc téc rin da dugc nghién ciru, trong dé viée
bién tinh kim logi va oxit céc logi trén cdc chat nén
nhu bentonite, zeolit, MCM-41, MCM-48... di dugc
mdt sb tic gia nghién ciru [1-5].

Trong nghién ciru né)', ching t6i sir dyng vit
li¢u Fe-bentonite lam chat xac tac trong phin img
benzyl héa p-xylen, Dong hoc phan (mg va cic yéu
t6 anh hudéng dén phin img benzyl héa p-xylen sé
dugc thao lugn,

2. THUC NGHIEM
2.1, Tong hgp vit li¢u Fe-bentonit

- Ldy dung dich NaOH 0,IM chuin vi dung
dich Fe(NO;); theo ti 1§ mol OH/Fe’ bing 1,5,
khudy 2 gid, 1am gia 24 gio & nhiét dd phéng thu
duge dung djch 1. Cho 1,0 g bentonit tinh ché vao
100 ml H,0 khudy trong 5 h thu duge huyén phi 2.

- Cho dung djch 1 vdo huyén phi 2, khudy 24
gi & nhiét 4o phong. Sin phim thu dugc bing cich
rira, ly tim nhiéu lin va siy & 100 °C trong 10 gid.

Mau tdng hgp duge ky higu 1,5FeM.

2.2. Phin img benzyl héa p-xylen bing benzyl
chlorid

Phin img benzyl héa p-xylen bing benzyl
chloride dugc thyc hi¢n trong binh cdu 2 ¢d dung
dich 250 ml, mt cé duge ndi vao h¢ thong sinh han
hdi lwu, mdt cd duge nit kin dé ding ldy lugng san
phim. H¢ thong binh cdu duge djt trén mdy khudy
tir gia nhiét. Cho m g Fe-bentonite vao binh cdu 2
¢d, sau d6 cho V), ml p-xylen vdo. Diéu chinh nhi¢t
dd ctia h¢ phan img & nhit d¢ xdc dinh, rdi cho tiép
V2 ml benzyl chlorid vao binh cdu, xem diy 1A thai
gian bit dau phan img. D) chuyén héa cia benzyl
chloride theo thdi gian duge xac djnh bing phuong
phdp GC-MS. DJ chuyén héa cia benzyl chloride
duge tinh theo cdng thire:

D¢ chuyén hoa (%) = S, =S,

o

100 ()
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Trong 48 S, vA S, lAn gt 14 dign tich pic cia benzyl
chloride tai thdi diém ban dAu va 13i thi diém t phin
img.

Khao sét cée yu 1§ anh hudmg dén phin img
benzyl héa p-xylen bing benzyl clorit: ti 1§ mol
p-xylen: benzyl clorit (22:1, 6:1, 3:1, 2:1), him
lugmg chit xic tée (0,01 g, 0,02 g, 0,05 g) va nhigt
4 phin img (70 °C, 80 °C, 90 °C).

3. KET QUA VA THAO LUAN

Céc djc tnmg cda vit li¢u Fe-bentonit s& duge
trinh biy & mdt bdi bio khdc. Trong bii béo ny,
ching 19 tip trung gidi thi¢u tinh chdt xic tic cia
viit li¢u Fe-bentonite da tdng hop.

3.1. Anh hwdng ciia ti I§ mol cdc chit phin img

D9 chuyén héa BC (%)
s = = &

Hinh 1: D) chuyén héa benzyl clorit theo thdi gian
trén xic tic 1,5FeM & céc ti I¢ mol
p-xylen va benzyl clorid khic nhau

(T =343 K, khdi lugng chat xiic tic: 0,02 g)

Hinh 1 trinh bay d) chuyén héa benzyl clorit
theo thdi gian trén xic tic 1,5FeM & céc ti I mol p-
xylen va benzyl clorid khic nhau. Sin phim phin
img thu dugc ciing chi c6 sin phim thé mt lan
monoalkyl. Két qua cho thdy khi ting ti 1§ mol p-
xylen: benzy! clorid tir 22:1 dén 2:1, d§ chuyén héa
cla I clorid ting. Véi ti Ié mol nhd 6:1 dén 2:1,
docmbéadﬂgin 100 % chi sau 10 phit. O ti ¢
mol p-xylen: benzyl clorit 22:1, 49 chuyén héa
benzyl chloride ting nh¢ & thoi gian trude 10 phit,
sau d6 89 chuyén héa ting nhanh tir 10 dén 20 phit.
Két qua ndy cho thiy 89 chuyén héa benzyl clorid
phy thudc nhidu vao ti I mol céc chit tham gia phin
(mg. Ti I§¢ mol p-xylen: benzyl clorit cing Iém, nghia
14 Jugng p-xylene du nhidu so v&i benzyl chlorid, sy
tiép xdc gita céc chit tham gia phin img véi cic
tim xdc tc giam diin dén 89 chuyén hoa thip. Tuy
nhién, dé nghién clru dong hoc phin img & nhimg

Nguyén Lé My Linh vé cong suwr

benzy! clorit 14 22:1. Liic ndy, ndng do cia p-xylen
du nhidu so véi benzyl clorit nén toc 4o phan img
thye té xem nhu chi phy thugc vao ndng do benzyl
chloride.

3.2. Anh huimg ciia hrgng chiit xdc téc va ding
hoc phin img

3.2.1. Anh huromg ciia hepng chdt xiic tdc

Trong nghién ciru ndy, khéi lugng chét xic tic
thay ddi tir 0,01 dén 0,05 g. Két qua khio sat sy phy
thudc cia 89 chuyén héa benzyl clorid theo théi gian
trinh bdy & hinh 2.

Tir hinh 2 nhin thiy khi ting ham lugng chét
xiic thc, 40 chuyén héa benzyl clorit ting, sin phi
thu duge vin 1A monoalkyl. Didu ndy c6 the giii
thich I3 do khi ting him lugng chit xic tic, sé tim
xiic tic ting nén tuong tic gilra cic chit phin img
véi cie tim hip phy nhiéu hon, do d6 43 chuyén héa

ting.
—a—0,01¢ $
——0,02¢g
1 —a—0,05g
}
; : - » »

'y s ) 8
3 .

DO chuyén héa BC (%)

t (phit)

Hinh 2: D) chuyén héa benzyl clorit theo thai gian
trén xdc téc 1,5FeM véi ham lugng chit xic tac
khéc nhau
(T = 343 K, ti I§ mol p-xylen:benzyl clorit 22:1)

3.2.2. Dgng hoc phdn img

Tai mdt nhiét 49 da cho, tdc d9 cua phan img
benzyl h(;ﬁ-xylcn 12 ham s8 phy thudc vao néng d&
cua céc tham gia phan img, lugng xic tic va
thoi gian phén img. Tuy nhién, trong dieu ki¢n khio
sit, dong hoc xem nhu chi phy thudc vio ndng d3
benzyl chloride. Céc dir ki¢n dong hoc cia phan img
benzyl héa p-xylen khi cho dur p-xylen phi hgp véi
md hinh ddng hoc bic nhét:

)

ln\(—l-]= k(t-t,)
l-x

phén tiép theo, ching t6i lya chon ti 1§ mol p-xylen:
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Trong 46, k (phit") 14 hing s8 td¢ 49 cia phan img
bic 1, x 14 8 chuyen hda cia benzyl clorid, 114 théi
gian phin img (phiit), 1, thoi gian cam img (phat).

D thi bidu dién mi quan hé In[1/(1-x)) theo t
duge trinh biy & hinh 3. Cdc tham s6 thu duge tir
phwong trinh ddng hoc bic 1 cia phin img benzyl
héa p-xylen trén xic tic 1,5FeM véi ham lugng
khéc nhau duge tom tét & bang 1.

In [1/(1-%))

T T T T
‘ L} 2 " 0

t (phit)

Hinh 3: D thj md hinh ddng hoc bic 1 cua phin
img benzyl héa p-xylen trén xic tic 1,5FeM véi
ham lugng khédc nhau
(T =343 K, ti I¢ mol p-xylen:benzyl clorit 22:1)

Béng 1: Céc tham s6 thu dugec tir phuong trinh

dong hoc bic 1 cia phan img benzyl hda p-xylen
trén xdic tac 1,5FeM

Khéi Thoi | Thoi gian
lugng | gian | banphan | K R
1,5FeM | cim (mg | img, 1,, | (phat™)
(8 | (phit) | (phit)
0,01 7,7 84 0,126 | 0,954
0,02 6,6 11,4 0,142 | 0919
0,05 5,5 6,2 0,805 | 0,904

Nghién ciru phan img benzyl hba ...

0,05 g 50 v&i cde cdng bd khic thuémg sir dung 13
0,1 g. Diy 12 mjt két qua khd quan chimg 16 xiic tic
Fe-bentonit ¢6 hoat tinh cao.

3.3, Anh hwimg ciia nhigt 49
Hinh 4 trinh bdy d) chuyén héa cia benzyl

clorit theo thdi gian trén xdc tac 1,5FeM & céc nhiét
d$ khic nhau.

199 4
&
2
i
£
! - —a—JIK
2 ——1353K
»n —d— 363K
0 4 ] 172 " »

t (phét)

Hinh 4: D) chuyén héa ciia benzyl clorit theo thai
gian trén xic tic 1,5FeM & cic nhiét d§ khac nhau
(ti 1 mol p-xylen: benzy! clorit 22:1, khéi lugng xiic
tic 0,02 g)

Tir hinh 4 nhjn thiy d$ chuyén héa benzyl clorid
ting khi ting nhiét d¢ tir 343 dén 363 K trén ca hai
xiic tic khdo sat. San phim dialkyl ciing khong thiy
xuat hi¢n trén phé GC-MS. Nhu vdy, vdi cic yéu té
di khio sét, san phim duy nhit thu dugc trong phan
img benzyl héa p-xylen 12 BMDM. Théi gian dé
chuyén héa hét 99 % benzyl clorid trén xic tic
1,5FeM 14 7 phit. Céc dir kién thyc nghiém cho thiy
md hinh djng hoc bic nhit phi hgp véi phin img
benzyl héa p-xylen khi du p-xylen. Hinh 5 1a dé thj
mé hinh dng hoc bic nhat cia phan img benzyl héa
p-xylen & cc nhi¢t 4§ khdc nhau trén xic tic khio
sit. Cc tham s8 thu duge tir phuong trinh ddng hoc

Tir két qua thu dugc nhin thdy khi ting ham
Iucm&cha‘u xic tic, thdi gian cam (mg giam vi hing
sb toc 49 phan img benzyl héa p-xylen ting. Véi
khdi lugng chit xic tic 0,05 g, hing sd téc do Ion
nhit 0,805 phat” twong img véi thdi gian bén phin

biic 1 duge tom tit & bing 2.

Bang 2: Céc tham s6 thu dugc tir phuong trinh dgng
hoc bic 1 benzyl héa p-xylen trén xic tic 1,5FeM

émg ngin nhit 6,2 phit. Hing sb téc d§ cia phin | Théi | Theigian

img ndy trong nghién ciru cia Hentit va cong sy [6) |NPI®| gian | ban phan sokes | &

trén xtic téc FAPO,, Bachari va cong sy (7) trén xtc | 9 |camimg | img v, | ®PC)

the Fe-HMS, Sn-HMS (ti 1§ mol p-xylen: benzyl | () " hon™ | (phit)

clorit 15:1, khdi lugng xic tic 0,1 g) lan luot 1A

0,0477 phat”, 0,0275 phit”, 0,0238 phit”, nho hon | 343 | 66 14 0142 0919

khodng 20 va 30 I4n so v&i hing sb tbc o trén xac | 353 | 3,2 4,0 0,842 (0,959

tic Fe-bentonite. Ngodi ra, trong nghién ciru ndy, [363 | 33 1.4

ching t6i sir dyng khéi lugng cht xic téc it 0,01- - 33 o B
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In (1(1-%)]

v A 36K

Y
<

a4

"
t(phét)

Hinh 5: DJ thi md hinh ddng hoc bic 1 cia phin
img benzyl héa p-xylen trén xic tic 1,5FeM & cic
nhiét 4§ khic nhau

Tir céc s liéu tinh ton, ching t3i nhin thiy
nhi¢t 49 cing cao, thdi gian cim img trén miu
1,5FeM cing ngin. Theo Choudhary va cong sy [4],
thoi gian cidm img cing dai thi hoat tinh xic tic cang
thip. Sy tdn tai cua thdi gian cidm an%: do céc tim
xiic tic trong mdi trudmg khong khi am bj hip phy
boi cic phin tir nudc. Sau d6, tiép xic véi moi
truomg phan img thi benzyl clorit hay p-xylen hip
phu canh tranh day phén tir nude ra khéi cic tim xic
tic ndi trén nén nhiét 49 cing cao, 4 4m cing nho,
thdi gian cim img cing ngin. Didu niy cho thiy
miu 1,5FeM c6 hoat tinh xic téc tét & nhiét 4§ cao.
Hoat tinh xic tic cao cia mau 1,5FeM con thé hi¢n
& hing s toc 4% 16n va thoi gian bin phan img
nhanh trong cing diéu kién nhu trinh bay & Bang 3.
Nhi¢t d§ cing cao, thoi gian bin phin img cing
ngin, cy thé véi xic tic 1,5FeM, 1), (phit) gidm
theo nhiét 9 343 K (v,2 = 11,4 phit) > 353K (4,0
phit) > 363 K (3,8 phit). Trong khi d6, hing sb toc
dd cing ting theo nhiét d9, cy thé véi xic tic
1,5FeM, k (phit™") ting theo thir ty 343K (k = 0,142
phat’) > 353 K (0,842 phat™) > 363K (1,488 phat™).
So véi két qua cong bd ciia cic nghién ciru khic, vit
liéu 1,5FeM c6 hoat tinh xiic tic cao trong phan img
benzyl héa p-xylen.

Bang 3: Hing sb téc 4§ cia phan img benzyl héa
p-xylen trén xic tac 1,5FeM va so sinh véi mjt sb

Nguyén Lé My Linh va cong suw
Niing lwgng hoat hba

Tir bing 3 nhjn thiy khi ting nhiét 9, hdng sé
tbe 40 k ting. Do d6, dya vio phuong trinh
Arrhénius, ta tinh duge ning lugng hoat héa cha
phan img theo biéu thirc:

E
Ink=——%-+In4 (3)
RT _
Trong d6 E, 14 niing lugng hoat héa; k |4 hing sb tbe
d) phan img, A 1 thira s6 tin s6
1 a4
2m%0° 1m10° Py 28010 1mes®
uT (K"

Hinh 6: Sy phy thudc Ink vao 1/T cia phan img
benzyl hdéa p-xylen trén xic tic 1,5FeM

Tur hinh 6, nidng lugng hoat héa cua phan img
trén xtc tac 1,5FeM tinh dugc 12 120,76 kJ/mol nén
¢6 thé két lujn phan (mg xiy ra trong mién déng
hoc. Chiing t6i khong tim thay gia tri ning lugng
hoat héa cua phan img benzyl héa p-xylen trén cic
xiic tac khéc d3 cong bd nén khong cé sy so sanh.
Tuy nhién, ning lugng hoat héa cua phin img
benzyl héa benzen thi c6 nhiéu cong bd. Lin va cng
sy [5] x4c djnh duge ning lugng hoat héa cua phan
{mg ndy trén xic tic 8-FeZ va 2.5-FeZ lan lugt la
132,6 va 140,2 kJ/mol. Két qua ciia ching t5i chimg
td vit li¢u Fe-bentonit cé hoat tinh xic tic cao trong
phén img benzyl héa p-xylen.

4. KET LUAN

Vit liéu Fe-bentonit tong hgp dugc 12 chit xic
tac tdt cho phan img benzyl héa p-xylen véi 4§ chon
loc va do chuyén héa cao. Téc dd phan img benzyl

i : héa p-xylen trén xic tdc Fe-bentonite ting theo ti 1

két qua cia cée tic gi khac mol cic chét tham gia phan img, him lugng xic tic

Chit xoc tic | k(phat") | Tai lidutham khao | V& nhiét d{. Nang lugng hoat héa cia phan img niy

FAPOLS 0.0477 P trén xic tic Fe-bentonit xic dijnh dugc 120,76

¢ y (6] kJ/mol. Két qua ndy mé ra trién vong trong viée sar

Fe-HMS-50 ' 0,0275 (7 dung bentonit C8 Djnh chéng cic polyme kim loai

In;0,-HP zeolit | 0,140 (] hay oligome kim logi lam chat xuc tic cho cic phan
1,5FeM 1,448 Nghién ciru ndy img Friedel-Crafts tuong ty.
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