Tap chi Héa hoc,T.46 (1), Tr. 24 - 29, 2008

NGHIEN CUU TONG HOP VA TiNH CHAT XUC TAC CUA ZEOLIT
ZSM-5 CO Ti SO Si/Al KHAC NHAU TRONG PHAN UNG
CRACKING n-HEXAN
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SUMMARY

ZSM-5 zeolites with different Si/Al ratios were successfully synthesized by hydrothermal
treatment using template. The obtained samples were characterrized by different
techniques such as X-ray diffraction (XRD), infrared resonance (IR) and scanning electron
microscopy (SEM). The acidity of samples were determined by temperature programmed
desorption amoniac method (TPD-NH;). The activity of samples were tested on the
cracking n-hexane. The results showed that the obtained ZSM-5 sample with a Si/Al ratio of

75 had the highest activity in the cracking n-hexane.

- MO PAU

Ngay nay trong nhiéu linh vuc khoa hoc va
cong nghé, nhit 1a trong cong nghé héa hoc, cic
vat liéu ray phan ti, dac biét 1a zeolit chi€m vi tri
quan trong trong vai tro xuc tac. Nho cu tric tinh
thé véi cac hé mao quan dong déu va kha nang dé
bién tinh, zeolit dugc danh gia 1a loai xic tac c6
hoat tinh, d0 bén va do chon loc cao. Trong cic
loai zeolit duoc biét dén hién nay thi zeolit ZSM-5
duoc str dung nhiéu nhat. Day 1a loai zeolit ¢6 ham
luong silic cao, dién tich bé mit riéng kha 16n, hé
thong mao quan dong déu, do axit va do bén nhiét
cao thich hgp cho hang loat cic qud trinh chuyén
héa hydrocacbon trong cong nghé loc, ché€ bién
dau khi nhu: cracking, ankyl hda, isome héa, thom
héa... [1 - 4]. Trong cong trinh nghién ctu nay
chiing t6i ti€n hanh téng hop zeolit ZSM-5 véi céc
ty s6 SiO,/Al,O; khac nhau ¢6 st dung chat tao
cu trdc, dong thoi nghién ctu sy anh hudng cta
ty s6 SiO,/AlL,O; dén hoat tinh xtdc tdc ctia ching
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trong phan ung cracking n-hexan. Tir d6 tim ra
dugc mot ty s6 SiO,/Al,O; thich hgp ciing nhu lam
séng to thém vé ban chat va co ché trong phan ting
cracking n-hexan trén chét xuc tac H-ZSM-5.

I - THUC NGHIEM
1. Tf}ng hop zeolit ZSM-5 ¢6 sir dung chat tao
cau tric
a) Cdc héa chdt duoc sit dung
- Sol Ludox (40% SiO,).
- Sunfat nhom (AL,SO,.18H,0).
- Tetra propyl amoni bromua (TPA-Br).

- Axit sunfuric (98%).
- Hydroxit natri (NaOH) 98%.

b) Phuong phdp téng hop
Qua trinh t6ng hop zeolit ZSM-5 ¢6 sir dung



chat tao cau tric TPA-Br duoc tién hanh theo
quy trinh tham khéo trong tai liéu [5]. Hon hop
gel thu dugc, duoc két tinh & 170°C trong thoi
gian 24 gio. Sdn phdm ran thu dugc sau khi két
tinh duoc rira bang nudc cat dén pH = 7, sdy kho
6 120°C va nung & 500°C trong 5 gio véi toc do
nang nhiét 3°C/phuit.

Dé nghién citu anh hudng cla ti 1& Si/Al
dén hoat tinh xtc tac trong phan tng cracking
n-hexan, ching to6i da ti€n hanh téng hop
ZSM-5 ¢6 cac ty sO SiO,/Al,0; lan lugt 1a 50,
60, 75 va 100.

2. Cac phuong phap héa ly dung dé danh gia
vat liéu

Cac két qua trinh bay trong bai bdo nay
nhan duoc trén co s& phdi hgp ciac phuong
phéap phé nhiéu xa Ronghen (nhan dugc trén

mdy Siemen D 5005 (Dic)), phé hip thu
hong ngoai (do duoc trén mdy hong ngoai
FTIR 8101M SHIMADZU)), hién vi dién tu
quét SEM (chup trén may JEOL-5300 (Nhat
Ban)), giai hap phu NH; theo chuong trinh
nhiét d6 (TPD-NH,). Hoat tinh xidc tac cta
cac miu ZSM-5 téng hop dugc xdc dinh qua
phan tng cracking n-hexan trén hé vi dong.

11 - KET QUA VA THAO LUAN

1. Két qua tong hop vat liéu

Chiing t6i da téng hop 5 mau zeolit ZSM-5
V6i céc ty s6 SiO,/Al,O; lan luot 1a 50, 60, 75 va
100 duoc ky hiéu lan lugt 1a Z(50), Z(60), Z(75)
va Z(100).

2. Két qua IR va XRD cia cac mau

/"_\\ /'_'_,_
Vs
1 ~

' 790,34 \ [\ e
\ / _h\ a1 \ I:‘. :; If' | |

0919 \ v \
S iriel iy }/ / N/ 34240 g 54 [ [ "t
. - Irf fal 96,4? Ay n\ |' . | , | ) / )
! f \‘ ‘\ Vol hoz o) i [ Sty W am T e rrprape T

/ L liul |

\ 109308/ \ /‘ L\ |

- 12235

ey

. N l AV
| / 96,47 ~ \ | ] zes [ |
i 100,50 \ /-‘d \_/ ! | . -

. W

f \ ) ] I‘ LYY |
P L RN ¥ VL SCRIPWY D PCT ) T TS L W TV — e, Y Y

\ |
IEEZAT 201,59 ‘\‘21519{\ 451,82 T SO .../
:\\Jwﬁ/ K\Vl-‘ ' ~ Z(100) | 20100
| 1231)87 \ ST shszs l | o
W;L- ZSM-5 clman
]IDI o .m:nl o .stnl o .sml o Ja:n 5 llﬂ ZI"]' 3t|' 40

Hinh 1: Phé IR clia cic mau

Cic miu zeolit ZSM-5 téng hop dugc nhan
dang bang phuong phdp IR trong ving dao dong
tinh thé 400 - 1300 cm™ (hinh 1). Trong viing nay,
hai ddm phd & ving 550 cm™ va 1200 cm™ dic
trung cho pha ZSM-5, dac biét ddm phé & ving
550 cm™ dac trung cho cdc dao dong bién dang
cua vong kép 5 canh, nén né duoc 1am chudn dé
x4c dinh ham lugng pha tinh thé [5, 6]. Khi ti s6

Hinh 2: Phé nhiéu xa Ronghen clia cic mau

cudng do ctia ddm phé ving 550 cm™ va 450 cm™
dat t6i 0,8 thi zeolit ZSM-5 c6 do tinh thé 100%
[5]. Tur hinh 1 ta nhan thdy ring cdc mau téng hop
dugc déu c6 cdc ddm phé dic trung cho cau tric
cua zeolit ZSM-5. Ty l¢ cudng do ddm phd ving
550 cm™ va viing 450 cm™ clia cdc miu téng hop
dat xap xi 0,8 cho phép danh gia do tinh thé cta
ching dat 100%.
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Nhu ta da biét, khi nhom thay th€ silic trong
mang cau tric, do ban kinh cta nhom 16n hon
silic nén do dai lien két ctia Al-O (1,75 A) 16n
hon do dai lien két Si-O (1,6 A) va do d6 s6
song nho hon [7]. Céc két qua hong ngoai & day
cho thdy s6 séng ctia cdc ddam phé khoang 550
cm™ va 1220 cm™ (Z(50) ¢6 s6 séng 1a 542 cm’™
va 1222 ecm™; Z(60) c6 s6 séng la 543 cm™ va
1222 cm™; Z(75) c6 s6 séng 1a Z(100) c6 s6
séng 1a 542 cm™ va 1091 cm™ clia cdc mau tang
lan luot tir mau Z(50) dén Z(100) phut hop véi
két luan trong tai liéu [7].

Két qua Ronghen duoc dua ra trén hinh 2. T
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bEky X3I,500 Sem 830804

hinh 2 thdy rang tit ca cic mau déu xuét hién céc
cuc dai nhiéu xa & ving 20 tir 22° - 25° 1a viing c6
cac pic rat dac trung va rdt nhay cho viéc dinh
lugng pha tinh thé ZSM-5 [5]. Pem so sénh véi
phd clia ZSM-5 chuén ta thiy ring cdc miu nay
déu c6 céu tric ZSM-5 va do tinh thé trong méu
tong hop dugc 1a khodng 100%.

3. Két qua hién vi dién tir quét (SEM)

Hinh 3 dua ra anh SEM cta mot s6 mau
dién hinh. Két qua chup SEM cho ta thdy ring
kich thuéc hat clia vat liéu téng hop dugc kha
doéng déu va c6 kich thude khoang 1,5 - 2 um.
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Hinh 3: Anh chup SEM ctia cdc miu ZSM-5

4. Két qua do TPD-NH,

Ph6 TPD-NH, clia cdc mau zeolit thudng ton
tai 3 dinh pic tai 200°C (tam axit yéu), 380 -
480°C (tam axit trung binh) va 600°C (tam axit
manh).

Nhin vao hinh 4 ta thdy lugng NH; khir hap
phu tai nhiét d0 ~ 200°C va ~ 380°C clia mau
7(100) < Z(50) < Z(75) con tai nhiét do =~
600°C thi ngugc lai. Két qua nay cho ta thay
mau Z(100) c¢6 tam axit manh nhit nhung s6
lugng tam axit & mau Z(100) lai thap nhat (bang
1).

Tir gidan d6 TPD — NH, ta thdy rang khi ting
ty s6 Si/Al thi luc axit tang nhung lic ndy tong s6
tam axit giam. Tuy nhién & mau Z(75) c6 s6 lugng
tam axit 16n hon mau Z(50). Diéu d6 cho thay
rang ngoai anh hudng cta ti s6 Si/Al cdn c6 cac
yéu t6 khéc lam cho tinh chét axit ctia cic mau H-
ZSM-5 khéc nhau nhu dién tich bé mat, do tinh
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thé, mitc do dé hydroxyl héa.... Vi vay su giam
s0 tam axit khong phai ldc nao ciing tuyén tinh véi
su tang ty s6 Si/Al [4, 8].

5. Két qua do hoat tinh xtic tac qua phan ing
cracking n-hexan

Hoat tinh xtc tdc cua cdc mau H-ZSM-5 véi
ti s6 SiO,/Al,O; khac nhau trong phan tng
cracking n-hexan dugc ti€n hanh khao sat trén
hé phan tng vi dong véi diéu kién phan tng:
nhiét do phan tng 500°C, khoi luong xic tdc m
= 200 mg, toc do dong nguyén liéu 2 1/gid, ap
suit hoi bao hoa clia nguyén liéu P, ... = 90
mmHg. Hoat tinh xiic tac clia cdc mau duoc thé
hién trén hinh 5.

T hinh 5 ta thdy do chuyén héa
hidrocacbon trén cdc miu H-ZSM-5 tang lan
lugt tir mau Z(50), Z(60) dén Z(75) va giam
xuong ¢ mau Z(100).
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Hinh 4: Gian d6 TPD-NH; cta cic mau

Bdng 1: Dac trung bé mat ctia cic mau Z(50), Z(75) va Z(100)

Thyc nghiém chiing to rang khi ty s6 Si/Al
tang thi géc lién két T-O-T tang 1én, khi d6 nang
lugng de-proton giam dan dén luc axit cia nhém
hydroxyl tang [9, 10]. Vay luc axit tang khi ti
s0 Si/Al tang. Theo mot sO tac gia [11] hoat tinh
xtc tac cracking tang khi luc axit tang. Nhu vay
do chuyén hoa tang tir miu Z(50) dén mau
Z(75) 1a hoan toan phu hop.

Tuy nhién nhu da phan tich & trén s6 tam
axit khong phai ldc nao ciing gidm mot cach
tuyén tinh véi su tang gid tri cua ty s Si/Al [4,
8]. O miu Z(75) thdy ring mat do tam axit cao
nhat do vdy ma do chuyén héa hidrocacbon cao
nhat (hoat tinh xdc tac t6t nhat) [4]. Do chuyén

Maiu ZSM - 5 S6 luwong tam axit, Nhiét do Thé tich NH, khtt hip phu V,
mmmol/g “C > mm/g

Z(50) 0,456 Z(50) Z(75) Z(100)

Z(75) 03506 ~ 200 3,548 4,015 1,296

Z(100) 0244 ~380 6,102 6,577 0,784

’ ~ 600 1,762 2,098 4,036

héa ctia mau Z(100) giam la do s6 tam axt cla
ching giam. Diéu nay duogc giai thich 1a vi qua
trinh chuyén héa hidrocacbon trén zeolit xay ra
do su tham gia cua cacbocation trung gian (ion
cacboni va ion cacbeni) [12] ma kha nang tao ra
cacbocation phu thuoc chu yéu vao s6 tam va
luc axit ctia chét xdc tac. Do vay, khi s6 tam axit
giam, cuong do axit yéu dan dén do chuyén héa
thap.

Qua sy phan bo thanh phan sdn phim
cracking n-hexan trén cdc mau zeolit H-ZSM-5
vGi céc ty s6 Si/Al khdc nhau, thdy rang céc san
phdm parafin cha yéu 1a CH,, C,H, va CiH; va
san pham olefin cha yéu 1a C,H,, C;H,. Su phan
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b6 nay phit hop véi sdn pham chil yéu tao ra tir
cac co ché€ cacboni va co ché€ cacbeni [12]. Tu
hinh 5 va bang 2 thdy rang ty 1¢ O/P ciia mau
Z(100) 1a cao nhat. Diéu nay dugc giai thich 1a
do su giam hoat tinh trén mau Z(100) dan dén
han ché khéa nang phan tng chuyén dich hydrua,
két qua nay ciing phtt hop v6i mat do tam thap
(so liéu bang 1) khi ty s6 Si/Al cao. Tit hinh 5

cho thdy ty 1&é O/P giam dan theo thoi gian phan
iing. Piéu nay la do cédc san pham olefin (C,H,,
C;H,, C,Hy) tham gia chuyén héa ti€p (phan tng
phu) nhu: phan @ng déng vong, trung ngung, tao
pafafin, coc....trong khi d6 céc san pham parafin
(vé mat héa hoc 1a nhitng chat bén, tro...) kho
chuyén hoéa ti€p. Do vay ma theo thdi gian phan
ung ty 1& O/P giam dan.
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Hinh 5: Hoat tinh xuc tac cracking n-hexan trén H-ZSM-5 ty s6 SiO,/Al,O, khac nhau

Bdng 2: Do chuyén héa, phan b san pham sau phéan tng cracking n-hexan trén cdc mau xuc tic
H-ZSM-5 c¢6 cac ty s6 SiO,/Al,O; khac nhau (6 500°C)

Xdc tac Z(50) Z(60) Z(75) Z (100)

Do chuyén hod 74,6 79,40 90,4 69

Sén pham (% mol)
CH, 3,15 4,53 2,91 4,23
CH, 14,75 15,02 12,86 13,32
CH, 13.42 15.35 2435 17.35
C;Hg 32,09 29,43 32,30 29,18
iC,H, 4,64 3,42 2,78 3,22
nC,H, 7,30 6,91 6,70 451
CH, 19,52 20,89 13,62 22,89
C.H,, 0,75 0,24 0516 0,54
C,Hg 4,04 4,26 4,48 4,76
o/p 0,58 0,68 0,74 0,81
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IV - KET LUAN

1. Zeolit ZSM-5 da duoc nghién citu téng hop
mot cdch hé thong bing phuong phap dung chat
tao céu tric. Viéc st dung chat tao cdu tric trong
qué trinh tong hop 1am giam thoi gian két tinh so
v6i phuong phdp khong sir dung chét tao céu tric
(phuong phdp ndy cin 96 gid). Ching t6i da tong
hgp dugc zeolit ZSM-5 c¢6 ham lugng silic cao (ty
s0 Si/Al = 50, 60, 75 va 100).

2. Zeolit ZSM-5 téng hgp dugc da thé hién
hoat tinh cracking rat manh va thay déi theo ti s6
Si/Al. Diéu nay thé hién & két qua khao sat do
chuyén héa cla cdc mau. Do chuyén héa
hidrocacbon trén cdc mau H-ZSM-5 tang lan
lugt tr mau Z(50), Z(60) dén Z(75) va giam
xuong & mau Z(100). Phan tng cracking n-
hexan trén H-ZSM-5 cho sin phdm chita nhiéu
olefin, ching t6 su can thiép ctia phan tdng
chuyén dich hydrua la rat thap va phan ing
cracking xay ra cht yéu theo co ché& ion cacbeni.
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	C¸c kÕt qu¶ tr×nh bµy trong bµi b¸o nµy nhËn ®­îc trªn c¬ së phèi hîp c¸c ph­¬ng ph¸p phæ nhiÔu x¹ R¬nghen (nhËn ®­îc trªn  m¸y Siemen D 5005 (§øc)), phæ hÊp thô hång ngo¹i (®o ®­îc trªn m¸y hång ngo¹i FTIR 8101M SHIMADZU)), hiÓn vi ®iÖn tö quÐt SEM (chôp trªn m¸y JEOL-5300 (NhËt B¶n)), gi¶i hÊp phô NH3 theo ch­¬ng tr×nh nhiÖt ®é (TPD-NH3). Ho¹t tÝnh xóc t¸c cña c¸c mÉu ZSM-5 tæng hîp ®­îc x¸c ®Þnh qua ph¶n øng cracking n-hexan trªn hÖ vi dßng. 

