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ANKYL HOA TOLUEN BANG METANOL TREN XUC TAC ZEOLIT
DANG DINH BACH, NGUYEN QUANG TUNG, MAI TUYEN

1. MO PAU

Trong cong nghiép ché bién va hoa dau hién dai, hydrocacbon thom 1a san pham ciia qua
trinh reforming xtc tac. Thong thuong, theo qua trinh do, toluen thu dugc Iugng 16n hon va ré
hon, trong luc do, xylen ludn luén thiéu hut, vi dugc st dung nhiéu, dic biét p-xylen I nguyén
liéu quy dé san xuat s¢i polyeste [1, 2]. Do d6, cho dén nay, trong cong nghiép da ap dung mot
sO /qua trinh chuyen hoa toluen thanh xylen [3]. Nho qué trinh bat ddi héa, tir mot minh toluen c6
thé nhan duoc dong thoi ca xylen va benzen. Trong qua trinh transalkyl héa, cic nhom metyl
dugc phan bo lai giita toluen va trimetylbenzen dé tao ra xylen. Phan mg ankyl hoa toluen bang
metanol thanh xylen dugc bat dau nghién ctru trén xtc tac zeolit tir nim 1970 [4]. Do metanol
duoc san xuit lwong 16n trong cong nghiép va tuong dbi ré, nén qua trinh metyl hoa toluen thanh
xylen dugc quan tdm nghién ctru nhiéu [5, 6]. San phdm cta qua trinh nay gdm xylen va nudc.
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Theo nhi€t dong hoc, tai trang thai can bang, m-xylen c6 ham luong 16n nhét, khoang 52%,
con o- va p-xylen ¢6 ham luong gén bang nhau va vao khoang 24% [7]. Bé thu dugc ham luong
16n hon cua p-xylen, can str dung xtic tic c6 hoat do va do lua chon cao va tién hanh phan ting
trong nhiing diéu kién thich hop.

Pi c6 dugc nhidu dir kién cho thiy rang dé hoat héa phan tmg ankyl hoa toluen bang
metanol, nhitng xtc tac axit [8,9], vi du, zeolit cho hiéu qua cao [10], vi zeolit vira ¢c6 nhiing
trung tam axit Bronsted vira ¢ hiéu trng ludi phan tir, nén vira ¢ hoat d6 xtc tac cao, vira ¢o thé
c6 d06 lya chon cao dbi véi p-xylen. Tuy nhién, cho dén nay, vé nhiing diéu kién tbi wu cho phan
ung nay con it dugc cht y nghién ciru.
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Trong cong trinh nay, ching toi trinh bay nhitng két qua nghién ctru qua trinh ankyl hoa
toluen bang metanol trén xuc tac zeolit Y bi€én tinh nham xac dinh nhiing diéu kién thu dugc
ham lugng p-xylen cao nhat.

II. THU'C NGHIEM

Xiic tac: Zeolit loai Y dau c6 thanh phan gém (%) Na,O 12,01; AL,O; 19,87 va SiO, 67,86.
Trao ddi ion véi cation Mg*" duoc tién hanh trong dung dich MgCl, 0,1 N & nhiét dé phong cho
dén khi dat mirc d6 trao ddi ion 64%. Ham luong Na dwoc phan tich bang phwong phap quang
ké ngon Itra. Trude khi tién hanh phan rng, xtic tac duoc tao vién véi kich thudce hat 0,25 - 0,50
mm va dugc hoat hoa trong dong khong khi kho trong 3 gio.

Toluen va metanol 14 san pham tinh khiét sic ki khi.

Phan tmg dugc tién hanh trén hé thong dong. San pham phan tng duoc phan tich bang sic
ki khi.

Thyc nghiém duoc tién hanh khi thay d6i dong thoi 3 thong s 1a nhiét d6 phan ung (x,),
tdc do thé tich (x,) va ti s6 mol toluen/metanol (x3). Nhiét d6 phan tng iy gia tri gbc 1a 340°C
v6i bude thay doi 1a 20°C. Tdc do thé tich 14y gia tri gdc 1a 0,98 h' va budc thay d6i 1a 0,20 h™.
Ti s6 mol c6 gia tri gbc 1a 1,0 va budc thay doi 1a 0,25. Nhitng dai lugng thu dugc tir cac thi
nghiém 14 hiéu suét tong cong cua xylen Y, (mol%) va thanh phan p-xylen Y, (mol%) trong hdn
hop cac xylen. Két qua thi nghiém dugc xi 1i theo phuong phap quy hoach thyc nghiém [11].

III. KET QUA VA THAO LUAN
D3 tién hanh 20 thi nghiém, trong d6, sé thi nghiém co s& 1a 2° = 8, s6 thi nghiém & cac
diém sao 1a N, = 6 va s0 thi nghiém trung tam la N, = 6.
Bang 1 trinh bay nhiing gié tri dugc xu li theo phuong trinh bac hai cé dang:
Y = b, + bix; + byxas + bsxz + bpaXiXs + bi3X X3 + bysxaxs + byxy” + byxa” + basxs,
trong do, b,, b;, bj va b; 1a cac hé sb hoi quy. Gia tri ctia nhiing h¢ ) nay duoc tim théy tr cac
phép tinh trén co s& nhitng dit kién trong bang 1 va dugc néu trong bang 2.

Bdng 1. Hiéu suét chung ctia xylen va thanh phan p-xylen trong san phdm metyl hoa toluen
trén xuc tac zeolit (mol%)

No. | X, X, X, X; | XXo | XiXs [ XX | X2 | XS | X Y. | Y,
1 +1 +1 -1 -1 -1 -1 +1 +1 +1 +1 38,0 | 37,9
2 +1 -1 -1 -1 +1 +1 +1 +1 +1 +1 29,7 | 46,1
3 +1 +1 +1 -1 +1 -1 -1 +1 +1 +1 27,5 | 36,3
4 +1 -1 +1 -1 -1 +1 -1 +1 +1 +1 24,5 | 44,6
5 +1 +1 -1 +1 -1 +1 -1 +1 +1 +1 28,3 | 29,3
6 +1 -1 -1 +1 +1 -1 -1 +1 +1 +1 20,8 | 36,2
7 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 27,0 | 38,2
8 +1 -1 +1 +1 -1 -1 +1 +1 +1 +1 21,6 | 44,5
9 +1 | +1,682 0 0 0 0 0 2,829 0 0 28,3 | 31,9
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10 | +1 | -1,682 0 0 0 0 0 [2829] o 0 | 190|486
11| +1 0 |+1,682| 0 0 0 0 0 [2829| 0 |21,0]367
12 | +1 0 -1,682 0 0 0 0 0 2,829 0 22,6 | 33,8
13 | +1 0 0 +1,682 0 0 0 0 0 2,829 | 28,6 | 37,8
14 | +1 0 0 -1,682 0 0 0 0 0 2,829 | 35,7 | 41,7
15 | +1 0 0 0 0 0 0 0 0 0 17,1 | 42,6
16 | +1 0 0 0 0 0 0 0 0 0 19,0 | 44,4
17 | +1 0 0 0 0 0 0 0 0 0 18,5 | 45,7
18 | +1 0 0 0 0 0 0 0 0 0 18,8 | 43,0
19 | +1 0 0 0 0 0 0 0 0 0 18,1 | 44,7
20 | +1 0 0 0 0 0 0 0 0 0 17,4 | 43,1
Bdng 2. Cac hé s6 hdi quy va chi s6 co nghia clia ching

b, by b, b; b, bi; bas by by, bs;

Y, 18,10 | 3,14 | -145 | 234 | 093 | 020 | 1,90 | 227 | 1,26 | 5.1

T{b} | 5838 [ 15,70 | 726 | 11,70 | 344 | 074 | 7,03 | 11,35 | 6,30 | 255

Y, 4382 | 386 | 1,39 | -1,70 | 0,10 | 041 | 2,54 | -1,54 | -2,78 | -1,19

T{b} | 89,42 | 12,06 | 4,34 5,30 0,23 0,95 5,90 4,80 8,60 | 3,72

Trong bang 2 cung néu nhiing gia tri cta chi s6 student t{b} [12] dbi véi cac hé s6 hdi quy
tuong tmg dé danh gia mirc do c6 nghia ctia nhirng hé s do.

) béi véi nhitng truong hop c6 hé ) tu dq k0‘= No-1=6-1 =’5 va muc do tin cay 95%, thi chi
sO student 1a 2,57. Sau khi loai ra nhitng hé s0 hoi quy c6 chi s0 student nhé hon gia tri 2,57, da
thu dugc hai phuong trinh sau day:

Y,=18,10 + 3,14x, - 1,45%, - 2,34x5 - 0,93%,X> + 1,90%,x3 + 2,27x,> + 1,26%,° + 5,1x5> (1)
¥ ,=43,82-3,86x,+1,39x,-1,70x3+2,54%,%5 - 1,54%,>-2,78%,°-1,19x5". )
. Mic dd hop 1i cia nhirng phu;ong trinh noi trén dugc kiém tra theo chi s6 Fisher F [12].
Doi voi phuong trinh (1), da tim thay gia tri F = 4,43, con gia tri chuén cua F cho truong hop ¢6
muc d6 tin cdy 95%, so b@c twdok,=N,1=5vak, = 2Q —-9-5=61aF, =495 Doi vbi
phuong trinh (2), da tim thay gia tri F = 1,56, con gia tri chuén cua F cho truong hop c6 muc do
tin cdy 95%, s0 bac tu do k, =5 vak; =20 -8 —5=71a F.=4,88. Nhu vdy, ca hai phuong trinh
(1) va (2) déu hop 1i va chung c6 thé duoc chvap nhan dé mo ta qué trinh ankyl hoa toluen bang
metanol trén xuc taceolit Y c6 mirc dg trao doi ion Mg 64%, trong nhitng khoang bién thién da

str dung cta nhiét do phan rng, toc d6 thé tich va ti s6 mol toluen/metanol.
Trén co s¢ hai phuong trinh (1) va (2),sau khi lay dao ham riéng theo x;, dd tim thay toa do

cua cac diém dung (x;s) nhu néu trong bang 3.
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Bdng 3. Toa d6 cua cac diém dimg ddi voi higu suat xylen va thanh phan p-xylen

Xis Xss X3 Ys
-0,68 0,06 0,35
Y, s=36,82mol%
326,4°C 0,99 h! 1,087
2,50 0,50 -1,42
, Y,s=41,99mol%
290°C 0,88 b’ 0,645

Khi chuyén cac phuong trinh (1) va (2) thanh dang chinh tic [13], dd nhan duoc nhiing
phuong trinh sau day:

Y, —36,82=2,09X,°+0,26X,°+6,28 X5’ (3)
Y, —41,99=-4,89X,> —1,09X,+0,48X;. 4)

Nhiing phuong trinh dang chinh tic cho phép nhan dinh vé chiéu huéng tac dung cia cac
thong s dong hoc phan tng.

Theo cac phuong trinh (3) va (4) c6 thé nhan thay rang néu ting gia tri cia cac yéu td nhiét
d6 phan ung va téc do thé tich, trong khi hieu suat xylen ting 1én, thi thanh phéan p- -xylen lai
giam, trong do, anh huong cua nhiét do phan tng lon hon. Vé anh huong cua ti s6 mol
toluen/metanol ddi véi higu suit xylen va thanh phan p-xylen nhén thdy c6 chiéu huéng gidng
nhau, tirc 1a khi tang gia tri cua yéu t6 nay trong ving cac didu kién duoc 4p dung & ddy, thi co
loi, nhat 14 vé higu suat xylen. Két qua nay phu hogp véi nhiéu dir kién thyc nghiém thu duoc
trong cac cong trinh cia nhing tac gia khac [8, 14]. Nhing két qua thu dugc trong cong trinh
ndy cua chung t6i khi thay d6i dong thoi cac thong sb dong hoc ciing ching t6 rang trén xtc tac
zeolit ¢o thé dat duge do lua chon p-xylen vuot hon nhiéu so véi trang thai can abung nhiét dong
hoc. Piéu d6 c6 ¥ nghia thyc tién dang quan tim, vi nhu da noéi trén, nhitng diéu kién phan tmg
dam bao thu dwoc ham luong 16n hon ciia p-xylen trong qua trinh ankyl hoa toluen bang metanol
luuon luén 12 muc tiéu theo dudi ctia cac cong trinh nghién ciru khoa hoc dinh huéng cho nhiing
{mg dung thuc té.

Loi cdm on. Cong trinh nay dwoc thwc hién véi sy tai tro vé kinh phi cia Chwong trinh nghién
clru co ban trong linh vire khoa hoc tw nhién.
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SUMMARY
ALKYLATION OF TOLUENE WITH METHANOL BY ZEOLITE CATALYST

Alkylation of toluene with methanol is carried out using zeolite catalyst. The reaction is

performed by changing simultaneously values of reaction temperature, volume speed and
toluene to methanol molar ratio. The experimental data are treated using the method of
experimental planning. The obtained results demonstrate that on the zeolite catalysts the
optimized reaction parameters are found for reaching much higher content of p-xylene in
comparison with those permited by thermodynamic equilibrium.
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