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SUMMARY

ZSM-5 zeolires 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 DAU

Ngay nay trong nhi€u linh virc khoa hoc va
cong nghé, nhat 14 trong cong nghé héa hoc, cdc
vat liéu ray phan tlr, dac biét Ja zeolit chiém vi tr{
quan trong trong vai trd xuc tac. Nhé cau tric tinh
thé v6i cdc hé mao quan dong déu va kha ning dé
bién tinh, zeolit duge danh gia 1a loai xic tic cé
hoat tinh, d6 bén va do chon loc cao. Trong cic
loai zeolit duge biét dén hi¢én nay thi zeolit ZSM-5
duge sir dung nhiéu nhét. Day 1a loai zeolit ¢6 ham
luong silic cao, dién tich bé mat riéng kha 1én, hé
théng mac quan déng déu, do axit va do bén nhiét
cao thich hop cho hang loat cac qud trinh chuyén
hoa hydrocacbon trong cong nghé loc, ché bién
dau khi nhwr: cracking, ankyl héa, isome hoa, thom
hoa... [1 - 4]. Trong cong trinh nghién ciu nay
chiing 16i tién hanh 10ng hop zeolit ZSM-5 véi cic
ty s6 SiQ,/ALO; khac nhau c6 sir dung chét tao
cau tric, dong thoi nghién ciu su anh hudng cia
ty $6 SiO,/AL O, dén hoat tinh xdc tdc cha ching
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trong phan tmg cracking n-hexan. 1T dé tim ra
duge mét ty s0 Si0O,/ALO, thich hop cling nhu lam
sang 1o thém vé ban chit va co ché trong phan tmg
cracking »-hexan trén chat xic tic H-ZSM-35,

II - THUC NGHIEM
1. Tong hop zeolit ZSM-5 c6 st dung chat tao
ciu trige
a) Cdc héa chat dige sir dung
- Sol Ludox (40% Si(),).
- Sunfat nhom (AlLSQ,.18H,0).
- Tetra propyl amoni bromua (TPA-Br).
- Axit sunfuric (98%).
- Hydroxit natri (NaOH) 98%.
b) Phuong phép téng hop
Qua trinh tong hgp zeolit ZSM-5 ¢6 sir dung



chit tao cau tric TPA-Br duge ti€n hanh theo
quy trinh tham khdo trong tai liéu |5]. Hén hop
gel thu duogc, duge két tinh & 170°C trong thi
gian 24 gid. San pham ran thu duge sau khi két
tinh duge rira bang nudc cdt dén pH = 7, sdy kho
¢ 120°C va nung ¢ 500°C trong 5 gio vai téc do
nang nhiét 3°C/phut.

Dé nghién ctu anh hudng coa ti & Si/Al
dén hoat tinh xdc tic trong phan tng cracking
n-hexan, ching t6i da tién hanh téng hop
ZSM-5 ¢6 cdc ty s8 SiO,/AL O, lan luot 1a 50,
60, 75 va 100.

2. Cac phuong phap hoa ly ding dé danh gia
vat lién
Cic két qua trinh bay trgng bai bdo nay
nhan duge trén co s& phoi hop cdc phuong
phip phd nhiéu xa Ronghen (nhan dugc trén

may Siemen D 5005 (Duc)), phé hap thu
hdéng ngoai (do dugc trén mdy hong ngoai
FTIR 8101M SHIMADZU)), hién vi dién ti
quét SEM (chup trén may JEOL-5300 (Nhat
Ban)), giai hdp phu NH,; theo chuong trinh
nhiét dé (TPI>-NH,). Hoat tinh xdc tdc cola
cac miu ZSM-5 téng hop duge xdc dinh qua
phan ing cracking n-hexan.irén hé vi dong.

I - KET QUA VA THAO LUAN

L. Két qua tong hop vat liéu

Chiing 16i da tong hop 5 miu zeolit ZSM-5
vdi cic ty s8 Si0,/ALO, 1an luot 1a 50, 60, 75 va
100 duoc kg hieu 1dn lugt 1a Z(50), Z(60), Z(75)
va Z(100).

2. Két qua IR va XRD cia cac mau
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Hinh {: Pho IR clia cac mau

Cic mau zeolit ZSM-5 tong hogp duoc nhan
dang bing phuong phédp IR trong ving dao dong
tinh thé 400 - 1300 cm™' (hinh 1). Trong viing nay,
hai ddm phé & ving 550 cm” va 1200 cm” dac
trung cho pha ZSM-5, diac biét ddm phS & ving
550 cm” dac trung cho cdc dao dong bién dang
cla vong kép 5 canh, nén né duoc 1am chudn dé
xac dinh ham luong pha tinh thé [5, 6]. Khi ti s6

Hinh 2: Pho nhiéu xa Ronghen clia cac méu

cudmg do clia ddm pho viing 550 cm™' va 450 cm”’
dat 161 0,8 thi zeolit ZSM-5 ¢6 d¢ tinh thé 100%
[5]. Tir hinh 1 ta nhan thiy rang cdc mau tong hop
dugce déu ¢ ciac dam pho dac tnmg cho ciu tric
cla zeol;l ZSM-5. Ty 18 cucmg do dam pho ving
550 cm™ va vimg 450 ¢ chia cdc miu tong hOp
dat xap xi 0,8 cho phép ddnh gid do tinh thé cia
chting dat 100%.
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Nhur ta da biét, khi nhom thay thé silic trong
mang ciu tric, do ban kinh cia nhém 1én hon
silic nén do dai lien két ciia Al-O (1,75 A) 16n
hon do dai lien két Si-O (1,6 A) va do d6 s6
séng nho hon [7]. Cac két qua hong ngoai ¢ day
cho thdy s6 song cia cde dam pho khodng 550
cm’ va 1220 cm™ (Z(50) ¢6 s6 séng 1a 542 cm™
va 1222 cm™'; Z(60) c6 s6 séng 1a 543 cm™ va
1222 cm'; Z(75) ¢6 s6 song la Z(100) ¢6 s6
séng 1a 542 cm™ va 1091 cm™ clla cdc maiu ting
1an luot tr mau Z(50) dén Z(100) phi hop vai
k&t luan trong tai liéu [7]. ‘

Két qua Ronghen dugc dua ra trén hinh 2. Tir

hinh 2 thdy rang tit ca cac mau déu xuat hién cdc
cuc dai nhiéu xa & ving 20 tir 22° - 25" 1a viing ¢6
cdc pic rit dac trung va rit nhay cho viéc dinh
lugng pha tinh thé ZSM-5 [5]. Pem so sanh vdi
phé cua ZSM-5 chuin ta thay ring cic mau nay
déu ¢6 cau tric ZSM-5 va do tinh thé trong mau
tong hop dugc 13 khoang 100%.

3. Két qua hién vi dién tw quét (SEM)

Hinh 3 dua ra anh SEM cia mot 6 mau
dién hinh. Két qua chup SEM cho ta thay rang
kich thudc hat cta vat liéu téng hop dugc kha
doéng déu va ¢6 kich thude khoang 1,5 - 2 pm.
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Hinh 3: Anh chup SEM cla céc mau ZSM-5

4. Két qua do TPD-NH,

Phé TPD-NH; cda cic méu zeolit thudng 16n
tai 3 dinh pic tai 200°C (tam axit yéu), 380 -
480°C (tdm axit trung binh) va 600°C (tam axit
manh).

Nhin vao hinh 4 ta thdy luong NH, kht hap
phu tai nhiét d6 = 200°C va = 380°C cua miu
Z(100) < Z(50) < Z(75) cOn tai nhi¢t do =
600°C thi nguoc tai. K& qua nay cho ta thiy
mau Z(100) cé tam axit manh nhat nhung so
lyong tam axit & mau Z(100) lai thdp nhal (bang
I).

Tir gian d6 TPD -- NH; ta thay rang khi tang ty
s6 Si/Al thi lyc axit ting nhung lic nay tong 56
tam axit giam. Tuy nhién & mau Z(75) ¢6 s6 huong
tAm axit 1éq hon méu 7(50). Biéu dé cho thay
rang ngoai anh hudng cia ti s Si/Al con ¢d céac
yéu 16 khdc 1am cho tinh chét axit cua cic mau H-
ZSM-5 khdc nhau nhu dién tich bé mat, do tinh
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thé, mitc do dé hydroxyl héa.... Vi vay su giam
50 tam axit khong phai lic nao ciing tuyén tinh vdi
sutang ty so SifAl [4, 8].

5. Két qua do hoat tinh xiic¢ tac qua phan dng
cracking n-hexan

Hoat tinh xdc tdc coa cdc mau H-ZSM-3 véi
u s6 SiOy/ALQO, khic nhau trong phan (ng
cracking n-hexan duoc tién hinh khao sat wén
hé phan tng vi dong v&i diéu Kién phan tng:
nhiét do phan dng 500°C, khéi lugng xdc tic m
= 200 mg, t6c do dong nguyén liéu 2 1/gid, dp
sudt hoi bio hoa cha nguyén liéw P, ... = 90
mmHg. Hoat tinh xdc tac cia cac méu duge thé
hién trén hinh 5.

Tit hinh 5 ta thiy do chuyén hoa
hidrocacbon trén cdc mau H-ZSM-5 tang lan
lugt tr miuw 7(50), Z(60) dén Z(75) va giam
xudng & mau Z(100).



TCD signat

[- 700

(2,) eameseduset

- 300

il 2 40
Time {minutes)

80

Hinh 4: Gian d6 TPD-NH; ctia cdc miu

Bdng [ Dic trung bé mat cla cac mau Z(50), Z(75) va Z(100)

Miu ZSM - 5 86 lugng tam axit,
mmmol/g
Z{50) 0,456
Z(75) 0,506
Z(100) 0244

Thuc nghiém chimg 1o ring khi ty s Si/Al
tang thi géc lién k& T-O-T tang 1én, khi d6 nang
lugng de-proton giam dan dén luc axit cua nhom
hydroxyl tang 19, 10]. Vay luc axit tang khi t
s3 Si/Al ting. Theo mot s6 tac gia [11] hoat tinh
xlc tic cracking tang khi lyc axit tang. Nhir vay
do chuyén hoéa tang tr mau Z(50) dén mau
Z{75) 14 hoan toan phi hop.

Tuy nhién nhue di phan tich & trén s6 tim
axit khong phai lic nao ciing gidm mot cich
tuyén tinh v&i su tadng gid tri cha ty s6 Si/Al [4,
8]. O médu 7(75) thiy ring mat do tam axit cao
nhit do vay ma do chuyén héa hidrocacbon cao
nhat (hoat tinh xic tdc 61 nhat) [4]. Do chuyén

Nhiét do, Thé tich NH, khir hap phu V,
oC mm/g
Z(50) Z(75) Z(100)
= 200 3,548 4,015 1,296
~ 380 6,102 6,577 0,784
=600 1,762 2,098 4,036

hoa cha mau Z(100) giam 1a do sO tam axt cla
ching giam. Diéu nay duge giai thich 1a vi quéd
trinh chuyén héa hidrocacbon trén zeolit xay ra
do sy tham gia cla cacbocation trung gian (ion
cacboni va ion cacbeni) [12] ma kha nang tac ra
cacbocation phu thudc chi yéu vao s tam va
lue axit cta chat xdc tdc. Do vay, khi s& tam axit
giam, cudng do axit yéu dan dén do chuyén hoa
thap.

Qua su phan bd thanh phin sin phiam
cracking n-hexan trén cic mau zeolit H-ZSM-5
véi cdc ty s6 SifAl khac nhau, thiy rang cdc san
pham parafin chi yéu la CH,, CH, va CH, va
san pham olefin cho yé&u la GH,, C;H,. Su phén
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bé nay phi hop véi san phdm chi y&u tao ra tir
cac co ché€ cacboni va co ché cacbeni [12]. Tir
hinh 5 va bang 2 thdy rang ty 1&¢ O/P cha mau
Z(100) la cao nhat. Diéu ndy dugc giai thich la
do su giam hoat tinh trén mau Z(100) din dén
han ché& kha nang phan itng chuyén dich hydrua,
két qua nay ciling phil hop v&1 mat do tdm thip
(s6 lieu bang 1) khi ty s& Si/Al cao. Tir hinh 5
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cho thdy ty 1& O/P giam dan theo thoi gian phan
ing. Diéu nay la do cac san pham olefin (C,H,,
C,H,, C,Hy) tham gia chuyén héa tiép (phan ing
phu) nhu: phan iing déng vong, tring ngimg, tao
pafafin, céc....trong khi d6 cdc san pham parafin
(vé mat hoa hoc la nhimg chat bén, tro...) kho
chuyén héa 1i&€p. Do viy ma theo thdi gian phan
img ty 1¢ O/P giam dan.
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Hinh 5: Hoat tinh xc tdc cracking n-hexan trén H-ZSM-5 ty s6 Si0,/Al,O, khic nhau

Bdng 2: o chuyén héa, phan b san phidm sau phan tng cracking s-hexan trén cdc mau xic tic
H-ZSM-5 ¢6 céc ty s6 SiO,/ALO, khic nhau (& 500°C)

XUc tac Z(50) Z(60) Z(73) Z (100y

Do chuyén hoa 74,6 79,40 90,4 69

San pham (% mol)
CH, 3,15 4,53 2.91 4,23
CH, 14,75 15,02 12,86 13.32
C,H, 13,42 15.35 24,35 17,35
C.H, 32,09 29,43 32,30 29,18
1C,H,, 4,64 3,42 2,78 3,22
nC,H,, 7.30 6,91 6,70 451
C.H, 19,52 20,89 13,62 22.89
C.H,; 0.75 0,24 0516 0,54
C,H, 4,04 426 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 dugc nghién cifu t6ng hop
mét cdch hé thdng bang phuong phip dung chat
tao ciu tric. Viéc st dung chat tao cdu tric trong
qua trinh tong hop lam giam thoi gian két tinh so
vdi phuong phap khong sit dung chit tag cau tric
(phuong phap nay cdn 96 gidy). Chiing 161 da tdng
hop duce zeolit ZSM-5 c6 ham luong silic cao (ty
@ Sif/Al = 50, 60, 75 va 100).

2. Zeolit ZSM-5 tdng hop duge da thé hién
hoat tinh cracking rdt manh va thay doi theo ti s6
Si/Al. Diéu nay thé hién & két qua khao sit do
chuyén héa cia cic mdu. Do chuyén héa
hidrocacbon trén cdéc mau H-ZSM-5 tang lan
luot tir mau Z(50), Z(60) dén Z(75) va giam
xuong & mau Z{100). Phan tmg cracking n-
hexan trén H-ZSM-5 cho san pham chifa nhiéu
olefin, chimg 16 su can thiép cia phan img
chuyén dich hydrua I3 rdt thap va phan dng
cracking xay ra chl yéu theo co ché ion cacbeni.
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