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SUMMARY

STUDY ON THE CONVERSION OF PHENOLICS INTO AROMATICS OVER
Me/HZSM-5 CATALYST

The zeolite material ZSM-5 (Si/Al ratio = 25) was synthesized using a hydrothermal method with TEOS as
the silica source and TPAOH as the structure-directing agent. The zeolite was modified into the proton form
(HZSM-5) and was dispersed on the surface with zinc oxide or iron oxide at different concentrations using
the wet impregnation method. The results showed that the catalyst materials HZSM-5, Zn/HZSM-5, and
Fe/HZSM-5 maintained the porous structure of zeolite ZSM-5. These materials were used as catalysts for
the pyrolysis of guaiacol in an inert gas environment (N,) with temperatures ranging from 500 to 700 °C.
The conversion of guaiacol to aromatic hydrocarbons on the catalyst was evaluated through the conversion
of guaiacol, the conversion to aromatic hydrocarbons, and the selectivity of aromatic hydrocarbons. The
results indicated that the catalysts 3 wt.% Zn/HZSM-5 and 2 wt.% Fe/HZSM-5 were the most suitable for the
conversion of guaiacol at a reaction temperature of 600 °C. The conversion of guaiacol to aromatic
hydrocarbons on the catalysts 3 wt.% Zn/HZSM-5 and 2 wt.% Fe/HZSM-5 was 13.80% and 39.18%,
respectively. On the other hand, the presence of zinc oxide or iron oxide on the surface of the HZSM-5
catalyst reduced the formation of coke during the pyrolysis of guaiacol. The results of this study would be
applied to upgrading biomass pyrolysis oil into fuel.

Keywords: guaiacol, pyrolysis, aromatic, ZSM-5 zeolite, biomass.

2 (—OH) lién két truc tiép voi mot nhom
L M‘G bAU . hydrocarbon thom. Hop chat phenolic
Nguon nhién liu hda thach (dau mé, than duoc phan loai thanh phenol don gian
da, khi tu nhién) dang dan can ki€t cung hozc polyphenol dya trén sb luong don vi
v6i nhiing lo ngai vé moi truong da thic phenol trong phan tir [2]. Cac hop chét
day nhicu nghién ctu khac nhau nham tao phenolic va furanic la hai thanh phan
ra nhién liéu thay the. Qua trinh chuyén chinh cua dau nhiét phan, chung duoc tao
hda sinh khoi (tr nguon phu pham nong ra tir qué trinh phan huy ba thanh phan
nghiép va lam nghi¢p nhu go, mun cua, héa hoc chinh caa sinh khéi la
bd mia, trau, rom ra, v.v.) bang phuong hemicellulose, cellulose va lignin. Cu thé,
phap nhi¢t phan trén chat xdc tac thanh hop chét furanic (furan, furfural, 5-methyl
nhién li¢u sinh hoc dugc ky vong s& thay furan,...) duoc tao thanh do quéa trinh
the mot phan nhién liéu hoa thach va giai phan huay cia hemicellulose, cellulose va
quyet cac van dé 6 nhiem moi truong da hop chat phenolic (phenol, 2-methyl
thu hat rat nhieu sy quan tam nghién cau phenol, guaiacol, syrinsol,...) chi yéu
cua cac nha khoa hoc trén thé gioi [1]. dugc tao thanh do phan hay lignin [3, 4].
Phenolic 1a mét 16p hop chét héa hoc bao Vi vay, nghién ctu qua trinh chuyén hoa
gdm mot hoic nhidu nhém hydroxyl cac hop chat furanic va phenolic la can
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thiét dé nang cdp dau nhiét phan thanh
nhién liéu.

Céc hop chét phenolic c6 thé thuc hién
qua trinh dé& oxygen héa dé chuyén hda
thanh  hydrocarbon thom va céc
hydrocarbon khac théng qua qué trinh
nhié¢t phan trén xic tdc ZSM-5. MOi
truong phan @ng cd thé 1a khi tro (No,
He), hydrogen, methane, propylene,... va
nhiét do tién hanh phan tng thuong dao
dong tir 400 dén 700°C. So véi qua trinh
hydrogen dé oxygen hoa
(hydrodeoxygenation, HDO), qué trinh
chuyén hoa cua cac hop chat phenolic trén
xic tac ZSM-5 khéng can hydrogen
nhung van thuc hién duoc cac phan ung
dé oxygen héa va dé carbonyl hoéa dé tao
thanh olefine, hydrocarbon thom va tao
coc. MO hinh phan ng cho quéa trinh
chuyén héa guaiacol trén xtc tdc ZSM-5
duoc nghién cau bai Zang va cong sy [5].
Két qua cho thdy ¢ nhiét d6 650°C,
WHSV = 8 h! va 4p suit riéng phan la
2,38 kPa thi hiéu suat tao ra hydrocarbon
thom ti da 1a 28,55%, ham luong céc
twong ung 1a 19,55%. Cac budc dién ra
phan ung dugc suy doan la loai bo nhom
methoxy dé hinh thanh phenol va thom
hoa dé tao thanh hydrocarbon thom.

Trong nghién cau nay, ching téi chon
guaiacol 1am chat dic trung cho hop chat
phenolic dé tién hanh qua trinh nhiét phan
trén xuc t&c HZSM-5 va HZSM-5 chtra
oxide kim loai (Fe hoic Zn). Két qua
dugc danh gia thong qua do chuyén hoa
guaiacol, dd chuyén hoa guaiacol thanh
hydrocarbon thom va do chon loc
hydrocarbon thom (benzene, toluene,
xylene). Tir cac két qua danh gia hoat tinh
trén guaiacol, két hop voi két qua qué
trinh nhiét phan furfural [6] s€ danh gia
duoc kha nang tng dung cua hé xuc tac
ndy vao qua trinh nhiét phan sinh khdi,
nham cai thién cac dic trung hoa 1y, nang
cao kha nang chay va giam ham lugng
can caa dau nhiét phan [6, 7].
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Hé xic tdc HZSM-5, Zn/HZSM-5 va
Fe/lHZSM-5 da c6 nhidu cong trinh
nghién ctru duoc cong bd trén nhiéu tap
chi quéc té c6 uy tin. Hé xdc tac nay
dugc s dung cho cac qué trinh chuyén
héa khac nhau, dac biét la qua trinh
chuyén hoa sinh khéi [8-18]. Do d¢, day
khdng phai la hé xuc tac mai nén nghién
ctru cta ching toi chi yéu tap trung vao
viéc sir dung hé xUc tac nay cho qua trinh
chuyén hoa guaiacol thanh hydrocarbon
thom, nham danh gia cac diéu kién ti vu
(nhi¢t d@6 phan wng, ham luong zinc
oxide hoac iron oxide mang trén xdc tac,
ham lugng coc tao ra trén xuc tac sau
phan &ng) va hoat tinh cua xdc tac cho
cac phan tng thom hoa dé ung dung vao
quéa trinh cai thién céc tinh chat cua dau
nhiét phan sinh khéi. Vi vay, nghién ctu
cta chung t6i khong di sdu vao viéc giai
thich co ché caa phan ¢ng ma chi quan
tm danh gia két qua cta qua trinh hinh
thanh céc san pham nhiét phan, tim ra
diéu kién téi vu ctia phan ang nham ung
dung cho qua trinh nhiét phan xuc tac
sinh khéi dé thu duoc dau nhiét phan co
chat lugng tét hon.

2. THU'C NGHIEM

2.1. Phwong phap tong hop vat ligu xic
tac

2.1.1. Téng hep xtc tac HZSM-5

Zeolite ZSM-5 vai ti 1€ SiO,/Al,O3 = 50
(Si/Al = 25) dugc tong hop bang phuong
phéap thay nhiét [19]: Hon hop gom 26,16
gam chéat dinh huéng cdu tric tetra-n-
propylammoniumhydroxide (TPACH,
C12H29NO 1M, Aldrich) va 3,16 gam urea
(CO(NH)2 99 wt.%, Fisher Acros) dugc
hoa tan trong 43,32 gam nudc cat. Sau 1
gio khudy & nhiét do phong, bd sung vao
dung dich 21,16 gam tetraethoxysilane
(TEQOS, (CzH50)4Si 99 wt.%, Merck) va
0,61 gam aluminum isopropoxide
(CgH21AIO3 98 wt.%, Merck). Hon hop
tiép tuc duoc khudy & nhiét do phong
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trong 24 gio sau d6 dua vao autoclave dé
két tinh ¢ 175 °C trong 48 gid. San pham
tong hop duoc ly thm va ria nhiéu lan
bang nudc dén moi trudng trung tinh (pH
= 7). Mau duoc sdy khd ¢ 100 °C trong 12
gio sau d6 dua vao 10 nung & nhiét d6 500
°C trong 12 gio dé loai bo cac chét hitu co
va 6n dinh ciu trac.

Pé thu duoc dang proton cua zeolite
(HZSM-5), ZSM-5 duoc trao d6i hai lan
véi dung dich NH4NO3; 1M (Fisher Acros,
99 wt.%) ¢ nhiét do phong trong 24 gio
[20]. Sau khi trao ddi ion, zeolite dugc loc
va ria bang nude dé khir ion ¢ 80 °C, sau
d6 say kho ¢ 100 °C trong 12 gio, NHy-
ZSM-5 dugc nung trong khong khi tinh &
550 °C trong 3 gio thu dugc HZSM-5.
Mau dugc Ky hiéu la HZ.

2.1.2. Téng hep xac tac Zn/HZSM-5,
Fe/HZSM-5

Xlc tac Zn/HZSM-5, Fe/HZSM-5 dugc
tong hop bang phuong phap tim uét [21,
22]. Xac tdc HZSM-5 chua zinc oxide
(Zn/HZSM-5) véi cac ti 18 1an luot 12 1; 3
va 5 wt.% (tinh theo ham luong nguyén t6
Zn) dugc tong hop bang cach khudy tron
dung dich gom HZSM-5 va
Zn(NO3),.6H,0 (Fisher Acros, 98 wt.%)
& 80 °C trong 24 gid, sau do say kho &
105 °C trong 12 gio va nung ¢ 550 °C
trong 6 gio. Xuac tac thu dugc twong ng
c6 ham lugng Zn 1a 1; 3 va 5 wt.% lan
luot dugc ky hiéu 1ZnHZ; 3ZnHZ va
5ZnHZ.

Qua trinh tong hop duoc thuc hién tuong
tu véi xdac tdc HZSM-5 chaa iron oxide
(Fe/HZSM-5), st dung  mudbi
Fe(NO3)3.9H,0 (Fisher Acros, 98 wt.%)
Vvéi ti 16 khéi lwong iron oxide dua I&n bé
mit xtc tic HZSM-5 lan luot 1 1; 2 va 3
Wt.% (tinh theo ham lwong nguyén té Fe).
Xuc tac thu duoc tuwong wng cd ham
lwong Fe 1a 1; 3 va 5 wt.% lan luot duoc
ky hiéu 1FeHZ; 2FeHZ va 3FeHZ.
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2.2. Phwong phap nhiét phan va danh
gia két qua

Guaiacol (Fisher Acros, 99 wt.%) duoc
nhiét phan trong diéu kién: tbc do nap liéu
(WHSV) 5h™ (10g nguyén liéu/2g xic
tac/h); téc d6 dong khi mang N, 50
mL/pht; tbc d6 gia nhiét 20 - 25 °C/phuit.
Do chuyén hoa guaiacol, do chuyén hoa
guaiacol thanh hydrocarbon thom va dd
chon loc hydrocarbon thom dugc xac dinh
theo cong thuc sau:

X=( -%).100% (1)
xa=$—:.100% (2)
=D 0
1 an.loom (3)

Trong d6, x 1a d6 chuyén héa guaiacol
thanh san pham (%); x, 1a d6 chuyén hoa
guaiacol thanh hydrocarbon thom (%);
mo, My lan luot 12 khéi luong guaiacol
truéc va sau phan ang (g); M, Mea lan
luot 1a khéi Iwong nguyén tir carbon trong
guaiacol trudc phan ung va trong cac
hydrocarbon thom sau phan ung (g); n; la
s6 mol nguyén tir carbon cua chat I sau
phan @ng (mol); =n; la tong s6 mol
nguyén tir carbon cua cac chat sau phan
ung (mol).

Céac dac trung xuc tac dugc danh giad
thong qua phuong phép nhiéu xa tia X
(XRD, Rigaku HyPix-3000); phé dién tir
quang tia X (X-ray photoelectron
spectroscopy-XPS, Thermo VG
Scientific, MultiLab 2000) sir dung tia
phat xa Mg Ko ¢ 15 keV va 150 W;
phuong phap khir hip phu NHs theo
chuong trinh nhiét do (TPD-NHs,
AutoChem 1l 2920 Micromeritics). Thanh
phan hoéa hoc cta san pham nhiét phan
duoc xac dinh bang phuong phap sic ky
khi khdi phd (GC-MS) va duoc thuc hién
trén may GC-MS 7000D. Cac thong sb k§
thuat phan tich bao gom: luu lugng khi
mang heli (He) 0,8 mL/phut; ty I¢ chia
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dong 50:1; tbc d6 gia nhiét 9 °C/phdt;
pham vi quét MSD: m/z = 40-600 va
nguon ion EI 70 eV.

3. KET QUA VA THAO LUAN

3.1. Két qua téng hop va dic trung ciu
trac vat liéu xac tac

Cac mau xuc tac HZ, 3ZnHZ va 2FeHZ
dugc chon lam dai dién dé xac dinh cau
trdc vat liéu xdc tac trong nghién cuu nay,
bao gém cac phuong phap phan tich hoa
Iy hién dai duoc sir dung nhu XRD, XPS
va TPD-NHs. Céc két qua vé cau trac vat
lieu xdc tdc nhan dwgc nhim muc dich
ching minh cho viéc diéu ché thanh cong
hé xuc tac trén co s6 HZSM-5.
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Phan tich vé thanh phan pha ciia mau vat
liu xUc tAc bang phuong phap nhidu xa
Ronghen voi buc xa CuKa. Muc do két
tinh dugc tinh bang cach sir dung céc pic
chinh véi 26 trong khoang tir 22 dén 25°
[23]. Tir gian d6 XRD Hinh 1 cho thay,
tai vi tri goc nhiéu xa 26 caa mau xuc tac
HZ cé gia tri la 8,14; 9,02; 23,28; 24,1 va
24,58° tuong (g VGi cac mat tinh thé 1an
luot la (101); (200); (332); (303) va (133).
Cac pic_ nhiéu xa sic nét, do rong pic hep
chi ra rang, vat liéu xuc tac da tong hop
dugc c6 do tinh thé cao va két qua nay
hoan toan phil hop véi cac pic nhiéu xa
dién hinh cua vat liéu xtc tac HZSM-5
(20 =7 -9°va 22 - 25°) [24].
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Pé minh ching cho viéc da thanh cong
khi dua zinc oxide hoac iron oxide Ién bé
mat xuc tac HZ, mau xtc tac 3ZnHZ va
2FeHZ duogc danh gia theo phuong phap
XPS. Két qua trén Hinh 2a cho thay kém
ton tai ¢ trang thai ZnO (Zn 2psp) va
ZnOH" (Zn 2pys) tuong ung Vvéi cac peak
& 1022,4 va 1045,5 eV [25]. Hinh 2b thé
hién két qua phé XPS cua mau xic tac
2FeHZ, cac pic ¢ 710,6; 718,7 va 724 eV
lan luot thé hién nang lugng lién két cua
Fe 2ps; va Fe 2py,, day la cac peak dac
trung cua Fe(l1l) trong Fe,O5 [26].
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Hinh 2. Phd XPS cua xc tac 3ZnHZ (a) va
2FeHZ (b)

Tinh acid cua cadc mau xuc tac duoc Xac
dinh bang phuong phap TPD-NHs, két
qua duoc thé hién trén Hinh 3. Mau xdc
tac HZ xuat hién hai pic giai hap phu dién
hinh ¢ nhiét do 192,7 va 397,7 °C. Pic
giai hap phu & nhiét 46 cao duogc cho 13 vi
tri cia cac tdm acid trung binh (acid
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Bransted) va ¢ nhiét do thap 1a vi tri cua
tam acid yéu (acid Lewis) [27].
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Hinh 3. Puwong TPD-NH; cua xuc tac HZ, 3ZnHZ
va 2FeHZ

Céc nghién cau cho rang, cac vi tri tam
acid yéu hau nhu khong hoat dong trong
cac phan tng chuyén hda cac hop chat hitu
co chira oxygen thanh hydrocarbon [28].
Mat khac, khi dua zinc oxide hoac iron
oxide lén bé mit cua xdc tic HZ d3 1am
giam dang ké s6 luong tam acid. Sy sut
giam nay la do mot sé proton da trao doi
Vé6i cac ion Zn** hodc Fe® & cac vi tri trao
d6i cation trong mao quan cua zeolite [29].
Mat khac, xdc tac chwa zinc oxide hoac
iron oxide déu xuét hién thém cac khoang
giai hap & nhiét o cao hon so vai X(c tac
HZ. Cu thé, xUc tac 3ZnHZ xuat hién cac
khoang giai hip & 550,7 va 624,7 °C; con
mau xUc tac 2FeHZ c¢6 khoang giai hap ¢
636,5 °C. Picu nay co thé do cac phan tung
tao phic [Zn(NHs)4]*" hoac phan @ng tao
hydroxide Fe(OH)s giita ion kim loai Zn®*
hoac Fe* v&i NH3 dan dén qué trinh giai
hap kho hon. Ngoai ra, xuc tdc 2FeHZ c¢6
s6 luong tam acid va cudng do acid déu
thip hon so véi xuc tac 3ZnHZ.

Nhu vay, cac két qua dic trung xuc tac da
chang minh rang qua trinh tong hop hé xdc
tac HZSM-5, Zn/HZSM-5 va Fe/HZSM-5
la thanh cong. Xuc tac thu duoc véi cac tinh
chit trong ty nhu cac cong trinh di cong bd
trén cac tap chi cé uy tin [23], [29, 30]. Vi
vay, hé xuc tc nay s¢ dugc danh gia hoat
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tinh cho cac phan tng tao hydrocarbon
thom va&i qué trinh nhiét phan trén guaiacol,
CAu tir dai dién cho thanh phan héa hoc cua
dau nhiét phan.

3.2. Két qua nhiét phan guaiacol

3.2.1. Anh hwéng ciia ham lwong oxide
kim logi trén HZSM-5

Pé danh gia anh huong cua ham luong
zinc oxide hodc iron oxide trén HZ dén
hoat tinh cta xuac tac, ham lugng zinc
oxide hoac iron oxide dua 1én bé mat cua
xUc tdc HZ duoc thay d6i, sau d6 thuc
hién qué trinh nhiét phan guaiacol ¢ diéu
kién nhiét dcf) 600 °C, toc do khdng gian
thé tich 5 h™, twong (ing Vi ti 1¢ nguyén
liéu/xuc tac Ia 5 gam/gam/gio [8]. Két qua
dugc danh gia thong qua do Chuyen hoa
chung cua nguyén liéu, d6 chuyén hoéa
nguyén li¢u thanh hydrocarbon thom va
d6 chon loc BTXN (benzene, toluene,
xylene va naphthalene). Trong qua trinh
thuc nghiém, ching t6i da lya chon 3 mau
xuc tic dai dién dé tién hanh so sanh va
danh gia. O day, ky hiéu mau NC la qué
trinh nhiét phan khéng xuc tac, cac mau
HZ, 1ZnHZ, 3ZnHZ, 5ZnHZ, 1FeHZ,
2FeHZ, 3FeHZ tuong tng véi ham luong
zinc oxide hoic iron oxide dua Ién bé mat
xuc tac HZ da duoc trinh bay ¢ muc 2.1
trong phan thuc nghiém.

Hinh 4a thé hién do chuyén héa guaiacol
va do6 chuyén hoa guaiacol thanh
hydrocarbon thom & 600 °C. Qua trinh
nhiét phan guaiacol déu dat do chuyén
hoa guaiacol 100% khi nhiét phan khoéng
x(c tac hoic cé xic tac & 600 °C. Tuy
nhién, d6 chuyén hoéa guaiacol thanh
hydrocarbon thom ting khi nhiét phan
xUc tac so véi nhiét phan khdng xuc. Néu
nhu trong qua trinh nhiét phan khong xuc
tac do chuyén hoa guaiacol thanh BTXN
chi dat 1,83% thi gid tri nay tang 1én
14,15% khi thyc hién qua trinh nhiét phan
trén xtc tac HZ. Piéu dé ching to xuc tac
HZ c6 hoat tinh thuc ddy céc phan tng
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thom hoa cho qua trinh nhi¢t phan
guaiacol. Cac budc dién ra phan ung dugc
suy doan 1a loai bo nhém methoxy dé
hinh thanh phenol va thom héa dé tao
thanh hydrocarbon thom [5]. Khi dua
théem zinc oxide 1én bé mat xic tac hau
nhu khong lam thay doi do chuyén hoa
guaiacol thanh BTXN, véi cac gia tri do
chuyén hoa guaiacol thanh BTXN trén x(c
tdc HZ chaa 1; 3 va 5 wt.% Zn lan luot 12
13,45; 13,80 va 13,83%. Nguoc lai, khi
dua iron oxide lén bé mat cua xGc tac lai
lam thay doi dang ké do chuyén hoa
guaiacol thanh BTXN. Cu thé, khi thém 1
Wt.% Fe 1én bé mat xuc tac thi do chuyén
héa guaiacol thanh BTXN tang 1én hon 2
lan so véi xtic tic HZ va dat 31,95%. Do
chuyén hoa guaiacol thanh BTXN ting
(dat 39,18%) néu ting ham luong Fe I1én 2
wt.%. Néu tiép tyc tang ham lugng Fe trén
xuc tac thi do chuyén hoa guaiacol thanh
BTXN lai ¢6 xu huéng giam. Vai xdc tac
chira 3 wt.% Fe thi do chuyén hoa guaiacol
la 38,73%. Do d6, ham lugng Fe thich hop
cho qué trinh nhiét phan xdc tac guaiacol
c¢6 d6 chuyén hoa thanh hydrocarbon thom
cao la 2 wt.%.

Dé danh gia hoat tinh ciia xuc tac cho cac
phan ung dé oxi héa tao cac hydrocarbon
thom riéng I¢, phuwong phap phan tich sic
ky khi khdi phé (GC-MS) duoc sir dung
dé xac dinh ham lugng cac hop chat
BTXN trong c4c mau san pham long va tir
d6é tinh duwoc dd0 chon loc cua cac
hydrocarbon thom. Két qua phan tich
dugc thé hién trong d6 thi Hinh 4b.

Tu @6 thi Hinh 4b cho thdy, khi nhiét
phan khdng xuc tac guaiacol & 600 °C van
tao ra mdt luong nho hydrocarbon thom,
chu yéu 1a naphthalene va toluene. Con
khi thyc hién qua trinh nhiét phan trén
xic tac HZ thi thanh phan cac
hydrocarbon trong san phim thay doi
dang ké. Do chon loc naphthalene giam
chi con 11,01% so véi 76,65% khi nhiét
phan khéng xUc tac. San pham ciing chira
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nhiéu toluene hon so vé&i benzene va
xylene véi do chon loc lan luot 13 36,2;
24,99 va 27,8%. Khi thém zinc oxide Ién
bé mat xGc tac thi thanh phan cuoa
hydrocarbon thom thay doi khong dang
ké. San pham van chtra nhiéu toluene hon
SO V&i benzene va xylene, dd chon loc
naphthalene giam nhe so véi xdc tac HZ.
Piéu d6 chung to zinc oxide it tac dong
dén qua trinh chuyén hoéa cua guaiacol
trén xdc tac HZ. Nhung véi xuc tac chira
iron oxide, hoat tinh cho cac phan ung
thom héa cua xdc tac da lam thay doi kha
lén dén do chon loc céc hydrocarbon
thom nén di lam thay doi thanh phan cac
hydrocarbon thom trong san pham. San
pham chira nhiéu benzene hon toluene va
xylene, d0 chon loc naphthalene cling
giam dang ké so véi xuc tac HZ.
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Hinh 4. D¢ chuyén héa (a) va dé chon loc BTXN
(b) czia qud trinh nhiét phan guaiacol trén cac xuc
tac c6 ham lwong oxide kim logi khac nhau
Nhu vay, két qua thuc nghiém da chimng
minh duoc hoat tinh cua HZ cho cac phan
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ung thom hoa trong qué trinh nhiét phan
guaiacol, dac biét 1a khi dwa zinc oxide
hoic iron oxide 1én bé mt cua x(c tac. Hon
nira, XUc tdc HZ chira iron oxide phu hop
cho qua trinh thom hoda cua guaiacol. Khi
ham luwong zinc oxide hoac iron oxide trén
xUc t&c tang 1én cling lam cho hoat tinh cua
xuc tic dbi véi cac phan @ng tao
hydrocarbon thom tang. Tuy nhién, trong
qua trinh nghién ctu ching tdi nhan thay
rang, khi ham luong oxide kim loai trén xtc
tac tang da 1am cho hiéu suat san pham long
giam va hiéu suat khi tiang, diéu nay trai
nguoc Véi muyc dich thu san pham long cua
qué trinh nhiét phan xdc tac sinh khéi. Mat
khac, két qua nghién ciru da cong bd cua
nhiéu tac gia ciing chi ra rang, thong thuong
ham luong c4c oxide kim loai phti hop nhit
dwa lén bé mat cia xlc tac HZ trong
khoang tir 1% dén 6 wt.% [21, 22]. Do do,
ham lugng oxide kim loai phu hop duoc lua
chon dé dua 1én bé mit cua xdc tac HZ dbi
v6i zinc oxide 1a 3 wt.% (mau xdc tac
3ZnHZ) va iron oxide la 2 wt.% (mau xuc
tac 2FeHZ).

3.2.2. Anh hwoéng cia nhigt dp

Dé x4c dinh nhiét do t6i vu cho qué trinh
nhiét phan trén xuc tac, ching toi tién
hanh khao sat anh huéng cua nhiét 6 dén
qua trinh nhiét phan guaiacol trén xuc tac
3ZnHZ trong khoang nhiét do tir 400 dén
700°C [5], [8-11]. Panh gia két qua thdng
qua d6 chuyén héa chung cia nguyén
lieu, dd chuyén hoéa nguyén lidu thanh
hydrocarbon thom va do chon loc BTXN.
Két qua nghién ciu dugc thé hién trén db
thi Hinh 5.

Qua trinh nhiét phan guaiacol trén xuc tac
3ZnHZ hau nhu khéng xay ra qua trinh
chuyén héa & nhiét d6 dugi 500°C. O
500°C chi c6 24,76% guaiacol chuyén hoa
thanh san pham nhung chu yéu la cac hop
chat trung gian va chua chuyén héa thanh
hydrocarbon thom. Khi tang nhi¢t do
phan ¢ng 1én 600°C thi d6 chuyén hoa
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tang nhanh dat 100% va d6 chuyén héa
thanh BTXN dat 13,80%. Thanh phan
hydrocarbon thom chu yéu 1a BTX véi do
chon loc benzene; toluene; xylene lan luot
la 29,05; 36,90; 28,52% va mot luong nho
naphthalene (5,53%). O nhiét do 700°C
thi d6 chuyén héa thanh BTXN dat
23,62% véi @6 chon loc benzene; toluene;
xylene va naphthalene lan luot 1a 27,98;
32,18; 34,28 va 5,56%. Tuy nhién, qua
trinh thuc nghiém ciing cho thay hiéu suat
long giam dang ké ¢ nhiét do 700°C so
voi 600°C (46,28% & 700°C so véi
58,87% & 600°C), trong khi hiéu suat khi
ting nhanh (40,50% & 600°C so Vi
52,39% ¢ 700°C). Do vay, nhiét do tbi uu
cho qua trinh nhiét phan xuc tac guaiacol
trong khoang tir 600 dén 700°C va két qua
nay ciing phu hop véi cdng bd cua Zhang
va cong su [5].
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Hinh 5. Anh hwéng cia nhiét dé dén qué trinh
nhi¢t phan guaiacol trén xdc tac 3ZnHZ: (a) Do
chuyén héa,; (b) Bé chon loc BTXN
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3.2.3. Pdnh gid ham lweng coc tao ra
trén xac tac

Céc hinh thanh trén xuc tac ciing anh
huong dang ké dén qué trinh nhiét phan
[14], do do két qua danh gia vé ham
luong cbc tao ra tich tu trén xdc tac co y
nghia vé kha nang tai str dung x(c tac cho
phan tng nhiét phan.

Ham luong céc tao ra cua qué trinh nhiét
phan xuc tac guaiacol dugc xac dinh qua
su chénh léch d6 giam khéi lugng caa xic
tdc sau phan wng so véi xuc tac trudc
phan ung bang phwong phép phan tich
nhiét khéi luong (TGA) voi toc do gia
nhiét 10°C/phut trong moi truong khong
khi. Két qua cho thay, khi nhiét phan trén
xuc tadc HZ thi guaiacol tao ra ham lwong
cbc 1,84%. Va khi dua 1én bé mat xuc tac
1 Wt.% Zn da lam giam ham luong coc
xuéng con 1,43%. Bic biét, voi xdc tac
chia 3 wt.% Zn thi ham luwong cbc chi
con 1,17%. Tuy nhién, néu tiép tuc ting
ham lugng zinc oxide trén xdc tac thi ham
luong chc it thay ddi. Cu thé, véi xUc tac
chaa 5 wt.% Zn thi ham luong cbc la
1,08%. Két qua thuc nghiém ddi véi xdc
tac chura iron oxide ciing cho thiy, voi
xUc tac chira 1 wt.% Fe thi ham luong cbc
giam chi con 1,63%. Bén canh d6, khi
tién hanh thay d6i ham luong iron oxide
trén xtc tac thi ham luong cdc tao thanh
hiau nhu khong thay ddéi. Cu thé, ham
lwong cdc trén xdc tac lan luot 12 1,61 va
1,58% vai xuc tac chira 2 va 3 wt.% Fe.

Nhu vay, viéc dua thém zinc oxide hoac
iron oxide 1én bé mit xtc tic HZ da lam
giam su hinh thanh céc cua quéa trinh
nhiét phan guaiacol. Piéu nay c6 thé dugc
giai thich la do su c6 mat cua zinc oxide
hoac iron oxide da lam tang hoat tinh xdc
tac, thuc day cac phan ung chuyén héa
guaiacol thanh hydrocarbon thom, ¢ ché
cac phan tng tao cac hop chit phenolic,
mét trong nhiing nguyén nhan dan dén sy
hinh thanh cdc. Hon nita, x(c tac chua
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zinc oxide ¢ kha nang &c ché qua trinh
tao coc tot hon so véi x(c tac chua iron
oxide [26]. Két qua danh gia vé ham
lwong céc ciing cho thay, xtc tac HZ véi
3 wt.% Zn (mau 3ZnHZ) va xuc tac HZ
voi 2 wt.% Fe (mau 2FeHZ) 1a su lua
chon phu hop cho qué trinh nhiét phéan
guaiacol.

4. KET LUAN

Nghién ctru da tong hop thanh cong vat
liéu xdc tac ZSM-5 vai ty 1€ Si/Al = 25 tir
ngudn cung cap silic 1a TEOS va chat
dinh huéng cau trdc TPAOH. Xic tac
dugc bién tinh thanh dang HZSM-5,
Zn/HZSM-5 va Fe/HZSM-5 dung lam
chat xdc téc cho qua trinh nhiét phan
guaiacol. Két qua, xtc tac HZSM-5 chira
3 wt.% Zn (3ZnHZ) va xuc tac HZSM-5
chira 2 wt.% Fe (2FeHZ) dugc lya chon la
phl hop nhat cho qua trinh chuyén héa
guaiacol & nhiét do phan tng 600 °C. Do
chuyén héa guaiacol thanh hydrocarbon
thom trén xdc tac 3ZnHZ va 2FeHZ lan
luot 1a 13,80% va 39,18%. Mat khéac, su
cd mat cua zinc oxide hoac iron oxide trén
bé miat xdc tac HZSM-5 da lam giam su
hinh thanh céc cua qua trinh nhiét phan
guaiacol.
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