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ABSTRACT

In this study, the catalyst Zn-Zr-SBA-16 was synthesized from Zr/SBA-16
material which is modified Zn by the two-solvent technique for reforming
reaction of n-hexane. Firstly, the material Zr/SBA-16 was prepared by
adding solution zirconyl oxy chloride octahydrate (ZrOCl,.8H;0) drop by
drop at silicate solution with a Zr/Si atomic ratio of 10%. The two-solvent
technique was used to modify Zn into the silica matrix. The obtained
catalyst was characterized by X-ray diffraction (XRD), fourier transform
infra red (FT-IR), brunauer emmett teller (BET), transmission electron
microscopy (TEM), and temperature programmed desorption of ammonia
(TPD-NHj3). The effect of catalytic activity on the reforming reaction of n-
hexane was studied various Zinc concentrations, reaction time and
temperature. As a result, the conversion of n-hexane reached 88,03% at
500°C for 4 hours.

TOM TAT

Trong nghién ciru nay, xiic tic Zn-2r-SBA-16 da dwoc tong hop tir vit liéu
Zr/SBA-16 duwoc bién tinh Zn bang kjj thudt hai dung méi cho phan img
reforming trén n-hexane. Pau tién, vt liéu Zr-SBA-16 duwoc diéu ché bang
cach thém ting giot zirconyl oxy chloride (ZrOCly) vao dung dich silicate
voi ty 1é nguyén tw Zr/Si = 10%. Ky thudt hai dung méi da dwoc sir dung
dé bién tinh kém vao vat liéu silica. Xiic tdc Zn-Zr-SBA-16 thu dwroc dem
phan tich dic trung béi cdc ky thudt nhiém xa tia X (XRD), phé hong ngoai
(FT-IR), déng nhiét hdp phu - gidi hdp phu N» (BET), kinh hién vi dién tir
truyén qua (TEM), va gidi hdp phu NHs theo chwong trinh nhiét do (TPD-
NHs). Anh hwéng cia hoat tinh xiic tic lén phdn iing reforming cho n-
hexane duroc khao sdt thong qua ham luong kém, thoi gian va nhiét do
phdn iing khéc nhau. Két qua cho thdy, d¢ chuyén héa cia n-hexane dat
88,03% o 500°C va trong thoi gian 4 gio.

1. GIOI THIEU

Pat nudc ta dang budc vao giai doan cong
nghiép hoa — hién dai hoa. Bé dat dugc nhirng muc

tiéu ma su nghi¢p cong nghi¢p hoa — hién dai hoa deé
ra can phai dap aung mot nhu cau rat 16n ve nguyén
liéu, nhién liéu cho phat trién cong nghiép va kinh
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té. Dau khi ¢ Viét Nam da duoc khai théc tir ndm
1986 (26/06/1986) tai mo Bach H6 va tir d6 san
luong khai thac khong nging tang 1én. Bén canh d6
da phat hién thém cac mo6 maéi nhu Réng, Pai Hung,
Ruby. Cho dén nay chiing ta da khai thac dugc tong
cong hon 180 triéu tin dau tho tai mo Bach H6 va
céc mo khac (T, 2020). Vi thé ma cong nghiép dau
khi 1a mét nganh cong nghiép da c6 nhiing busc
thay doi va phat trién khong ngimg, dac biét 1a vao
nhitng nam cudi thé ky XX. Cong nghiép dau khi da
va dang tré thanh nganh cong nghi¢p miii nhon, bén
canh d6 1a sy phat trién khong ngirng ciia mot s6 qua
trinh ché bién dau tho ra cac nhién liéu trong nganh
cong nghiép hoa dau. Song song d6, khi thai do
nhién lidu kém chat lugng tao ra dang 1a mot thach
thirc lon cho xa hoi. Nhiéu nudc trén thé gioi dang
tién phong trong van dé loai bo cac nguon nhién li¢u
cii kém chét luong, va nang cao ti€u chuan cho nhién
liéu dang luu hanh nham han ché bot phan nao 6
nhiém méi trudng. Trong do, khong thé khong nhic
dén qua trinh reforming xuc tac dé san xuét ra xing
chét lwong cao.

Ngay nay, qué trinh reforming xtc tac duogc su
dung rat phd bién cho nganh téng hop hoa dau va
cac nganh cong nghiép khac. Muc dich chinh cta
qué trinh 1 bién doi cac hydrocarbon ¢é trong phan
doan xang thanh nhiing hydrocarbon thom, lam tang
chi so octane (Huén, 2013). Tuy nhién, ngoai viéc
san Xuit ra xang c6 tri S6 octane cao thi qua trinh
reforming xuc tac con cho ra mdt lugng lén khi
hydro dugc sir dung lam sach nguyén liéu va ré tlen
phuc vu cho cic qué trinh ché bién diu mo va tong
hop hiru co nhu lam sach nguyén liéu, xu 1y hydro
cac phan doan san phim trong khu lién hop loc hoa
dau, san xuét phan dam. Do do, khong thé pha nhan
vai tro cua qud trinh reforming xic téc trong cong
nghiép ché bién dau néu khéng mudn noi rang qua
trinh reforming xuc tac 1a mot qua trinh ché bién thir
Cap quan trong. Tuy nhién, xtc tac cho qua trinh nay
van con kha méi mé va thuong duoc nhap khau tur
cac nude khac. Pay chinh 14 diém mau chdt, 1a yéu
t6 1am cho cac nha may kho c6 thé ap dung rong rai
cong ngh¢ mai nay.

Do c6 su két hop ddng thoi cac phan ng isome
hoéa, dehydro héa, vong hoa de cho san phdm chinh
1a hydrocarbon thom cé tri sé octane cao, xuc tac
phai ¢o6 hai chirc nang, cu thé 13 chir nang acid va
chirc nang kim loai.

Theo nhiing nghién ctru trudc day, nhimg qua
trinh phan g trén chat mang zeolite H-ZSMS5 (Shi
et al., 2009) da cho phan {mg cracking. Pong thoi,
xUc tac nay con co kha nang vong hoa céc olefin sinh
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ra tir qua trinh cracking dua vao cac tdm acid Lewis
va Bronsted cua vt liéu nay. Mot nghién ciru gan
day (Hanh & Luan, 2013) cling da ching minh dugc
khi cho Zr vao chat mang SBA-16 thi vat liéu s& thé
hién acid kha manh thong qua kha nang thuc hién
phan tng alkyl hoa. Do d6, vat liéu can phai c6 thém
mot tam kim loai dé ting kha ning vong hoa, phu
hgp cho qua trinh reforming xtic tac.

Hién nay, mot s6 phuong phéap di phat trién viéc
két hop ZnO trén cac vt liéu mao quan trung binh
nhu SBA-15, MCM-41, va zeolite. Hai phuong
phap thuong dung 13 tim w6t thong thudng (Galo et
al., 2003; Kim et al., 2004; Kleitz et al., 2006; D. Li
et al., 2006) va cai thién phwong phéap véi su bién
doi cac bé mat, sau d6 dua chat hoat tinh 1én chat
mang théng qua sy tuong tac (Galarneau et al.,
2001, 2003). No6i chung, cac phuong phap cii co vé
kho tranh hoan toan sy hip phu ciia ZnO trén bé mat
ngoai ciia chat mang. ZnO khong kiém soat dugc tap
hop trén bé miat bén ngoai cua silica mao quan, tiép
theo s& hinh thanh sy két dinh. Phwong phap thir hai
lién quan dén qua trinh phtc tap va c6 nang suét
thip. Vi vay, can thiét phat trién mot chién lugc méi
V6i chi phi thap va don gian dé dua ZnO vao 16 xop
cia mao quan trung binh silica véi hiéu ang kich
thudce lugng tir cao va on dinh nhiét. Gan day, mot
chién lugc méi duoc goi 1a phuong phap hai dung
moi ¢6 chira dung mdi wa nude va ki nude da dugc
4p dung dé chuan bi cac ddy nano CoFe,O, trong cac
ong nano carbon (Cheng et al., 2003; Sonwane &
Ludovice, 2005). Phuong phép nay dua trén mot thé
tich dung dich chat hoat tinh bang thé tich 16 xdp cua
chat mang ¢6 loi the gilt va phéan phdi cac chat hoat
tinh trong cac 16 x6p cua chit mang. Vi vy, mao
quan silica SBA-16 c6 thé dugc xem 1a mot chat
mang dé chtra cac vat lidu nano hoat tinh va kich
thudc duoc kiém soat. Phuong phap hai dung moi
¢6 thé dugc s dung dé chuan bi mot hdn hop nano
cua cum ZnO vao trong silica mao quan. Ngoai ra,
gan ddy di c6 mot nghién ctru thanh cong phuong
phap tong hop cac oxit kém trong silica mao quan
SBA-16 bang phuong phap hai dung méi (Hanh &
Anh, 2014). Do d6, nghién ctru da bién tinh Zn vao
vat liéu Zr-SBA-16 biang phuong phap hai dung
moi. Xhc tdc Zn-Zr-SBA-16 s& duoc sunphat hoa
nham tao chtrc ning acid va chirc nang kim loai cho
phan tng refoming trén n-hexane, day ciing la tinh
mMai trong nghién cru nay.

2. PHUONG PHAP NGHIEN CUU
2.1. Nguyén liéu

Pluronic F127 (EOmsPOmEOloe, MaV:12600)
(Aldrich), n-cetyl-n,n,n trimethyl ammonium
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bromide (CTAB) (Trung Qudc), zirconyl
oxychloride (ZrOCl,.8H,0) (Merck), sodium
metasilicate (Na,Si03.9H,0) (Trung Quéc), acid
hydrochloric (HCI) (Merck), n-butanol (Merck),
sulfuric acid (H2SO4) (Merk), zinc nitrate
(Zn(NO3),) (Merck). Pluronic F127 can c¢6 d¢ tinh
khiét cao vi day 1a tién chat tao nén chat mang; cac
hoa chat mua vé sir dung ma khong can tinh ché va
bao quan & nhiét d6 phong.

2.2. Téng hop vit ligu xic tac

2.2.1. Tong hop vat liéu Zr-SBA-16

Cho 1 g F127 hoa tan trong 25 mL nudc Cat,
khudy déu hdn hop & nhiét d6 phong trong 1 gio.
Sau do, 3,1 mL n-butanol 99% va 0,5 g CTAB dugc
thém vao hdn hop va tiép tuc khudy trong 1 gio. Tiép
theo, thém tr tr dung dich NaxSiOs; (5,7 ¢
Na,Si03.9H,0 hoa tan trong 8 mL nudc cat), khudy
hén hop trong 1 gid. Cudi cung, chinh pH cua hdn
hop vé 1,5-2 bang acid HCI 37%, cho dong thai timg
giot dung dich ZrOCl, vai ti 1é Zr/Si =10% va khuay
tiép hdn hop trong 24 gio> & 40°C. Chuyén vao
autoclave thuy nhiét ¢ 105°C trong 48 gio. Sau do,
tién hanh loc, rira hdn hop bang nudc cat dé loai bo
hét ion CI". San pham thu duoc sdy & 60°C trong 18
gid va tién hanh nung & 550°C trong 6 gid véi toe
d6 gia nhiét 1a 1,5°C/phit, thu dwoc vat liéu Zr-
SBA-16 (Hanh & Luan, 2013).

2.2.2. Bién tinh Zr-SBA-16 bang Zn

Qué trinh bién tinh Zr-SBA-16 bing phwong
phép hai dung moi nhu sau: can khoang 1 g Zr-SBA-
16 cho vao 20 mL n-hexane va khuay hdn hop &
nhiét d6 phong trong 30 phat. Tiép tuc cho tir tur
dung dich Zn(NOs), 1M va khuéy hdn hop trong 2
gio. San pham duogc 1am kho ngoai khong khi trong
12 gio. Cudi cung loc, rira va say ¢ 100°C trong 18
gio. Nung san pham trong 6 gio & 550°C véi toc do
gia nhiét l1a 1,5°C/phut thu dugc xtc tac Zn-Zr-
SBA-16.

2.2.3. Sunfat hoa xuc tac Zn-Zr-SBA-16

Qua trinh sulfate héa xuc tac Zn-Zr-SBA-16
dugc tién hanh nhu sau. Dau tién tim 1 g xuc tac véi
10 mL dung dich H,SO, 1M, khuay & 60°C trong 2
gio, siy qua dém dén kho ¢ 80°C thu duoc xiic tac
Zn-SZr-SBA-16. San pham nay dem tién hanh phan
g chuyén hoa n-hexane trén thiét bi phan tng tang
cb dinh. Nang nhiét do thiét bi gia nhiét hoa hoi 1én
270°C va thiét bi phan ung 1én nhiét d6 phan ung.
Khi nhiét &6 6n dinh, bom nguyén liéu n-hexane vao
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hé thong voi Iuu lugng 0,13 mL/phit. Cho dong
nude lam mat di qua thiét bi ngung ty. Sau khi tién
hanh nhap liéu mot khoang thoi gian sé bit du xuét
hién giot long dau tién & binh thu san pham va bat
dau tinh thoi gian phan ing. San pham thu duoc s&
dugc dem di phan tich trén sic ky khi ddu do ion hoa
ngon lua.
2.2.4. Phan tich ddc trung Cdu triic vt liéu

Vit liéu xtc tac Zn-SZr-SBA-16 duoc tién hanh
phan tich cac nhom chire trén bé mat bang phd hong
ngoai (FT-IR) sir dung thiét bi MIR/NIR Frontier
(PerkinElmer, M¥) véi bude song 4000-400 cm™,
Céu triic tinh thé cua vat liéu dugc phan tich bang
k¥ thuat nhiéu xa tia X sir dung thiét bi D8 Advance
XRD (Bruker, Dtrc). Xac dinh c4u trac hinh thai vat
liéu bang kinh hién vi dién tir truyén qua (TEM)
dugc chyp trén may JEOL-JEM 1400 (Nhat). Dién
tich b& mit riéng (BET) cua cac vat liéu duoc do
bang thiét bi dang nhiét hip phu - giai hip phu N
Automated BET sorptometer 201-A (M¥). Ngoai ra,
cac vat ligu con dugc phan tich dic trung bang
phuong phap giai hap phu NH3 theo chwong trinh

nhiét d (TPD-NHs).

3. KET QUA VA THAO LUAN
3.1. Phan tich dic trung ciu tric vat ligu
3.1.1. Phé hong ngoqi bién doi Fourier (FT-IR)
Két qua phén tich cac nhoém chic cua vat liéu
xuc tac Zn-Zr-SBA-16 va Zn-SZr-SBA-16 duoc
trinh bay ¢ Hinh 1. O miu Zn-Zr-SBA-16 va Zn-
SZr-SBA-16 déu xuét hién cac miii dao dong trong
khoang 3452-3480 cm™ va 1638-1642 c¢cm? dic
trung cho dao dong hap thu cua lién két —~O—H cua
nudéc hap phu vat Iy (Aguzin et al., 2021). Bén canh
d6, ddy budc song 464-467 cm™ va 1070-1090 cm?
dic trung lan lugt cho dao dong gian dai cua Zn-O
va Si-O-Si ciing xuat hi¢n & pho FT-IR cua Zn-Zr-
SBA-16 va Zn-SZr-SBA-16 (Khan et al., 2018; Yan
et al., 2021). Tuy nhién, trén phd FT-IR hoan toan
khong xuét hién cac peak dic trung cho lién két —C—
H, -C-O hay —~C-C cua chit hoat dong bé mat,
chung to chat hoat dong bé mat da duoc loai bo hoan
toan khoi cdu tric vat liéu. Thém vao dé, miii hdp
thu tai khoang 960 cm* dic trung cho dao dong bién
dang cua lién két Si-O-H da bién mat trong pho Zn-
Zr-SBA-16 va Zn-SZr-SBA-16, diéu nay da ching
minh rang sy hinh thanh lién két Si-O-Zn khi mang
Zn 1én vat liéu Zr-SBA-16 hoic do ngung tu cac
nhoém silanol (Si-O-H) tao thanh lién két Si-O-Si sau
khi nung vat liéu ¢ nhiét @ cao (F. Li et al., 2014).
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Hinh 1. Phé hong ngoai bién d6i Fourier (FT-
IR) caa xuc tac : a) Zn-Zr-SBA-16; b) Zn-SZr-
SBA-16

3.1.2. Nhiéu xq tia X

Dua vao két qua nhiéu xa tia X cta vat liéu xic
tac Zn-SZr-SBA-16 dugc trinh bay ¢ Hinh 2, Hinh
2a voi goc quét 20 tir 0 dén 6° xuat hién miii dic
trung tai 20 = 0,68°, chirng t6 vat liu xuc tac co dac
trung cua vat liéu SBA-16 (Cen et al., 2017) va vt
liéu Zr-SBA-16 (Hanh & Luan, 2013). Bén canh do,
Hinh 2b véi goc quét 20 tir 10 dén 80° ciing xuét
hién cac miii dic trung cta Zr va ZnO lan luot tai 20
= 31,8% 34,7°; 37,4° va 26 = 46,7° 56,3° 63,4°
(Ghani Fahmi et al., 2020; Wierzbicka et al., 2021).
biéu nay ching to6 Zn da duogc bién tinh vao vat liéu
xac tac Zn-Zr-SBA-16 dudi dang ZnO va qua trinh
nay khong lam thay ddi cAu triic dic trung cua vat
lifu mao quan trung binh Zr-SBA-16 (Hanh &
Luan, 2013). Do d6, khi tién hanh qua trinh sulfate
hoa thi mot phan ZnO da bi hoa tan vao trong dung
dich acid H,SO4 (ZnO + H,SO4 = ZnS0O4 + HzO) co
thé giup Zn(ll) phan bé dong déu hon trén xuc tac
Zn-SZr-SBA-16.
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Hinh 2. Nhiéu xa tia X (XRD): a) géc nhé va b)
goc 16N caa xic tac Zn-SZr-SBA-16

Intensity (a.u.)
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3.1.3. Phuong phdp ddng nhiét hap phuy - gidi
hap phu N2

Puong hap phu - giai hip N, cia Zn-SZr-SBA-
16 giup xac dinh dién tich bé mat riéng, kich thudc
va su phan b 16 x5p cua xtic tac. Cac thong sb vé
dién tich bé mat, thé tich 16 x6p, duong kinh mao
quan cua vat lieu Zn-SZr-SBA-16 va Zr-SBA-16
duogc trinh bay 6 Bang 1. Trong d6, Sger 1a dién tich
bé mat riéng (m%g), Dpore 12 duong kinh mao quan
trung binh (A). Tur bang s6 liéu trén cho thay khi
bién tinh Zn vao vat liéu Zr-SBA-16 va sulfate hoa
thi dién tich bé mit riéng, duong kinh mao quan cua
xuc tac ciing giam theo. Dién tich bé mit riéng cua
vt liéu Zr-SBA-16 giam tir 501,1 m2/g xudng 359,9
m?/g khi dwa Zn 1én vat liéu. Didu nay ching to, Zn
da duogc bién tinh thanh cong véi vat lieu Zr-SBA-
16, (c6 thé nam trén bé mat hoic di vao bén trong
cac 16 x6p mao quan cua vat liéu Zr/SBA-16) (Lu et
al., 2009).
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Hinh 3. Pwong cong hip phu-giai hap N ciia
xuc tac Zn-SZr-SBA-16

Bang 1: Cac thong sé dic trung cia Zr/SBA-16
va Zn-SZr-SBA-16

Tén miu SeeT (mzlg) Dpore (A)
Zr/SBA-16 501.1 47.1
Zn-SZr-SBA-16 359.980 17.257

3.1.5. Phuwong phdp giai hap phu NHs theo
chuong trinh nhiét d¢ (TPD-NHs)

Tir két qua phan tich TPD-NH; & Hinh 5, cho
thdy trén duong giai hip TPD-NH; xuat hién hai
mili & cac diy nhiét o 150-250°C va 450-550°C,
chung co thé la tdm acid Lewis hay tam acid
Bronsted (Hanh & Luan, 2013). Mat khac, theo
nghién cua Nanzhe da chung minh néu xuat hién
mili & 1447 cm & phé hong ngoai (FT-IR) thi tinh
acid Lewis manh (Jiang et al., 2008), nhung dua vao
phd hdng ngoai (FT-IR) ciia Zn-SZr-SBA-16 ¢ Hinh
1b khong thay xuat hién miii & 1447 cm™ nén xic

Hinh 4. Anh TEM ciia xiic tac: a) Zn-Zr-SBA-16; b) Zn-SZr-SBA-16
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3.1.4. Kinh hién vi dién tir truyén qua (TEM)

Két qua phan tich xuc tic Zn-Zr-SBA-16 va Zn-
SZr-SBA-16 qua kinh hién vi dién tir dugc trinh bay
tai Hinh 4. Khi so sanh anh TEM cuia Zn-SZr-SBA-
16 voi vat ligu Zn-Zr-SBA-16 nhan thay co nhiing
ving toi va sdm c6 thé do mot phan mao quan bi che
l4p boi cac cum ZnO, ZrO,. Két qua nay s& dugc
Iam rd hon trong phén tich ICP-MS (Zn: 3,47% va
Zr: 1,59%). Ngoai ra, d6i voi mau Zn-SZr-SBA-16
cho thiy & cac ving t6i mau ¢6 sy phan bd dong déu
hon so v6i Zn-Zr-SBA-16, nhu vay qua trinh sulfate
hoa da co tac dung hoa tan ZnO thanh Zn (II) lam
tang sy phan tan cta Zn lén vat liéu Zn-Zr-SBA-16
(Ramos et al., 2020). Két qua nay hoan toan phu hop
vé6i két qua tir nhidu xa tia X (XRD) goc 16n.

tac nay co tinh acid Lewis yéu. Bén canh d6 6ng
Nanzhe ciing chitng minh néu phé hong ngoai (FT-
IR) khong xuat hién miii & 1540 cm™ thi chat do thé
hién tinh acid Bronsted manh, két qua pho hong
ngoai (FT-IR) Zn-SZr-SBA-16 phu hop véi két luan
nghién ctru ctia ong, da chtng minh xuc tac tong hop
duoc ¢ tinh acid Bronsted manh (Jiang et al., 2008).
Ngoai ra, xtc tac Zn-Zr-SBA-16 khi chua c6 qua
trinh sulfate hoa thi tinh acid cia né yéu (dién tich
mili & 450-550°C nho hon xtc tac Zn-SZr-SBA-16).
Diéu nay cho thdy qua trinh sulfate hoa 1a phi hop
dé tang tinh acid cho xuc tac dé thyc hién phan ting
reforming.
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Hinh 5. Phan tich TPD-NH3 cuaa xuc tac: Zn-Zr-
SBA-16 va Zn-SZr-SBA-16

3.2. Khao sat hoat tinh ciia xuc tac

3.2.1. Anh heong cia ham heong Zn lén Zr-
SBA-16

Khao sat anh huong cta ham lugng Zn 1én vat
lieu Zr-SBA-16 di duoc tién hanh bang phuong
phap hai dung moi theo ty 1€ Zn:Zr:Si khac nhau va
thuc hién phan wng reforming véi diéu kién nhiét do
& 450°C, thé tich nhap liéu 1a 0,13 mL/phit, khoi
lugng xuc tac 1a 1,6 g va thoi gian phan ung trong 2
gio (Tshabalala, 2009).

Tir biéu dd thanh phan cac cdu tir & ty 18
Zn:Zr:Si khac nhau dugc trinh bay & Hinh 6 c¢6 thé
thiy ham luong aromatic da tang 1én dang ké so véi
cAc mau con lai, dic biét & mau c6 ty 1¢ Zn:Zr:Si 1a
2:1:3. Hon nita, khi ting ham luong kém & mau
3:1:3 1én, ham luong aromatic giam xuéng. Piéu
nay co thé do khi ting ham lugng kém thi viéc tao
ra cac hop chat mach dai, da vong gay ra hién twong
tao coc 1a kha 16n ddi véi xic tac.

Thé tich

%6) m Cyclohexane = Aromatic
0
%07 - 40,07

' 38,62
40 34]92 35,52

28,32
30 | 27,58
20 - 12,39
10 -
0 T T T T
1:03:10  1:01:03  2:01:03  3:01:03

Ty 1€ Zn:Zr:Si

Hinh 6. Biéu dé cac ciu tir trong san pham léng
6 ty |€ Zn:Zr:Si khac nhau
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a Toluene
Thé tich
(%) 24,65
25
21,68 20,18
20 -
15 A
9,88
10 -
5 4
0 T T T T
1:03:10 1:01:03 2:01:03 3:01:03
Ty 1€ Zn:Zr:Si
b Benzene
Thé tich
(%) 3,98
4 -
3 4
2 4
101 1,27
14 059 ' l
0 T T T f
1:03:10 1:01:03 2:01:03 3:01:03
Ty 1€ Zn:Zr:Si
¢ Xyl
Thé tich ylene
(%)
5 4,28
4 4
3 4
1.89 2,04
21 139
1 4
0 T T T f

1:03:10 1:01:03  2:01:03

Ty 1€ Zn:Zr:Si

3:01:03

Hinh 7. Thanh phin: a) Toluene, b) Benzene, c)
Xylene trong san pham léng ¢ ty 1€ Zn:Zr:Si
khac nhau

Thanh phan chiém phan Ion cia aromatic 1a
toluene, benzene va xylene ciing lan Iuot dugc phan
tich qua biéu d6 ¢ Hinh 7.
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Tir biéu d6 Hinh 7a c6 thé nhan thiy thanh phan
toluene c6 xu huéng ting dan & mau cé ty 18 tir
1:3:10 dén 2:1:3 (tir 9,88 dén 21,68%) va sau dé
giam & ty ¢ 3:1:3, két qua nay c6 thé do su co mit
cuia kém trong xtc tac co anh huong dén viéc tao ra
phan tmg déng vong, nén toluene 1a mot cau tur
chiém ty 1¢ cao trong thanh phan aromatic. Nhung
khi ham lugng Zn dugc dua vao vat liéu Zr-SBA-16
dén mot ham luong gidi han nao @6 thi thanh phan
toluene trong san pham ciing khong con ting duoc
nira. Dién tich bé mat riéng ¢6 anh huong dén xitic
tac vi hoat tinh xtic tac s& giam theo dién tich bé mat
riéng. D6 d6 khi dua kém vao vat liéu Zr/'SBA-16
cang nhiéu thi kich thudc 16 x6p xuc tac cang giam,
dan dén dién tich bé mat giam (Tan et al., 2020).
Nhu vay, mau cé ty 18 2:1:3 s& dugc chon lam mau
t6i wru cho phan ng reforming xuc tac.

Tuong ty qua d6 thi & Hinh 7b ciing cho thay
thanh phan kém ciing tang dan va cao nhat & mau cé
ty 18 2:1:3. Két qua nay cho thay khi ham lugng kém
duge dua vao vt liéu Zr-SBA-16 cang 16n, sé lam
giam hoat tinh xuc tac, do luc nay dién tich bé mat
riéng clia Xuc tac s& giam. Do d6, mau co ty Ié
Zn:Zr:Si lan luot 1a 2:1:3 duoc chon 1am diéu kién
thyc hién phan Gng reforming xtc tac.

Bén canh d6, thanh phan xylene ciing dwoc phan
tich va trinh bay ¢ Hinh 7c. Két qua khao sat cho
thiy mau xuc tac véi ty 18 2:1:3 c6 ham lugng xylene
cao nhat. Vi vay, mau xuc tac vai ty 1& Zn:Zr:Si lan
luot 14 2:1:3 ciing cho thay dugc tim quan trong cua
k&m trong phan tmg dong vong vi thanh phan kém
thay ddi thi thanh phan xylene ciing thay d6i. Do d6,
nghién ctru nay chon mau co6 diéu kién ty 1& Zn:Zr:Si
lan luot 1a 2:1:3 cho phan ung reforming xuc tac 1a
phu hop.

3.2.2. Khdo sdt nhiét d@é phan img doi Véi xiic

tdc Zn-SZr-SBA-16 (2:1:3)

Tiép theo, nghién ctru tién hanh thyc hién khao
sat didu kién phan @ng cua qua trinh reforming trén
n-hexan d6i vé6i xtc tac Zn-SZr-SBA-16 (2:1:3) &
cac nhiét d0 khac nhau 350°C, 400°C, 450°C,
500°C, 550°C va Vingp i = 0,13mL/phat, khéi
luong xtc tac 1a my = 1,6 g va thoi gian phan Gmg la
2 gio trén thiét bi phan tng tang ¢é dinh.

Dua vao két qua Bang 2 cho thay & ving nhiét
d tir 350°C + 500°C, san pham aromatic ting dan,
nguoc lai nhiét do > 500°C thi thanh phan aromatic
giam dan. Dic biét tai 500°C thi ham lugng nay 1a
nhiéu nhat va do Chuyén héa & nhiét do nay la cao
nhat 88,38%. Mt khac, thanh phan cyclohexane
trong san pham thay diéu nguoc lai, & 500°C thi ham
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lwong cyclohexane thip hon cac nhiét do con lai.
Piéu nay chung to, di co su chuyén hoa
cyclohexane thanh cac aromatic trong san pham
dung nhu so d chuyén hoa cac hydrocarbon Cs va
cac dong dang trén xuc tac ludng chire nang do Mills
va cac cong su da nghién ctru vao nam 1953 (Mills
etal., 1953). O day duoc giai thich nhu sau, xuc tac
Zn-SZr-SBA-16 (2:1:3) duoc tong hop trong luan
van nay co ca tdm axit va tm kim loai phu hop voi
két luan phan tich cac dac trung xiic tac & trén. Mat
khac, cho thdy ring xuc tac nay rat phu hop cho quéa
trinh reforming xuc tac, dac biét 1a kha nang phan
tng cho ra cac san phiam aromatic.

Bang 2: San phiam léng cia Zn-SZr-SBA-16
(2:1:3) & cac nhiét do khac nhau
Nhiét do

P chuyén Cyclohexane Aromatic

O héa(%) (%) (%)
350 69,32 4028 22,06
400 72,68 3869 3011
450 74,64 3492 3552
500 88,38 3158 49,18
550 73,20 3562 39,38

3.2.3. Khdo sat thoi gian phan ung cua xiic tdc
Zn-SZr-SBA-16 (2:1:3) ¢ 500°C

Cubi cung 1a thuc hién khao sat qua trinh
reforming xuc tac trén n-hexane véi xuc tac Zn-SZr-
SBA-16 (2:1:3) ¢ nhiét d6 500°C, Vphap lieu = 0,13
mL/phut, khéi lwong xtc tac 1a my = 1,6 g va trong
cac khoang thoi gian khac nhau: 1 gio, 2 gio, 3 gio,
4 gio, 5 gio.

Bing 3: Thanh phin san phim & cac thoi gian
Kkhac nhau véi Zn-SZr-SBA-16 (2:1:3)

Thaoi Po chuyén Cyclohexane Aromatic
gian (h) hoéa (%0) (%) (%)
1 79,32 35,18 40,96

2 88,38 31,58 49,18

3 88,07 33,92 49,95

4 88,03 32,25 50,80

5 74,9 19,02 47,19

Qua két qua Bang 3 cho thay, di véi mau 6 5
gid thi ham lugng cyclohexane giam so véi mau 4
gio, mat du ham lugng aromatic cling twong duong
nhau va nguoc lai ham lugng n-hexan thi ting 1én.
Két qua nay co thé do khi thoi gian phan ung dai thi
s& tao ra nhiéu aromatic da vong gay ra hién twong
ce hoa ddi voi xuc tac. Hay néi cach khac 1a luc
nay tam acid da giam di nhung tam kim loai van hoat
dong, nén s€ xay ra phan tng dehydro hoa trén tim
kim loai ddi véi céc cyclohexane dé tao ra cac
aromatic, lam cho ham lugng cyclohexane giam di
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va ham lugng aromatic gan nhu dugc ting 1én mot
it. Tir két qua nay chung to thoi gian c6 anh huong
rat I6n dén qua trinh reforming xuc tac dé san pham
thu duoc chtra nhiéu aromatic nhat.
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