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ABSTRACT

This paper showed the study results in hydrodeoxygenation process (HDO).
Guaiacol and bio-oil derived from pyrolysis of waste microalgal biomass were
deoxygenated in an autoclave type reactor over FeSAPO-5 based catalyst —
which has not been applied before for the same purpose. The FeSAPO-5
catalyst was prepared from SAPO-5 by isomorphic introduction of Fe* onto
its framework. Guaiacol was used as sample for catalyst activity test followed
by applying the catalyst in the HDO process of the bio-oil. A series of
parameters were investigated including temperature, period of time, catalyst
dosage and stirring speed, and the results revealed a range of suitable
conditions for the HDO process such as 300°C, 2 hours, 5% in weight and 400
rounds per minute, respectively. Under these conditions, the guaiacol and
bio-oil conversion reached 64.2% and 71.1% based on the converted guaiacol
in the reaction and the total removal of heteroatoms before and after the
HDO process, respectively. Techniques including XRD, SEM, EDX and GC-MS
were employed in this study to characterize the catalyst, bio-oil and the
hydrodeoxygenated products.

Gidi thiéu chung

xUc tac truyén théng cho phan dng HDS da dugc nghién
cltu nhiéu trong qua khtr, chtia cac kim loai Co, Mo hay

Phan Ung hydrodeoxy hda (HDO) v&i muc dich tach oxy
ra khoi cac hgp chét hitu co dé téng hgp nhién liéu tu
sinh khoi dang ngay cang dugc quan tam nghién clu.
Théng qua qué trinh nay, ngudi ta co thé tao ra dugc
nhiéu san pham tuong tu nhién liéu dau mo, nhung vdi
ngudn géc tu nhién, tai tao. Hon nita, nhién liéu di tur
cac nguyén liéu nay c6 tinh chat "sach” han nhiéu so vdi
nhién liéu di t dau moé do chda rét it luu huynh. Trén
thé gidi da co nhiéu cong bd vé qué trinh HDO, Uing
dung vdi nhiéu nguyén liéu nhu dadu, m& dong, thuc vat;
dau sinh hoc (bio-oil) thu dugc tir qua trinh nhiét phan
sinh khai... [1]. Pa s6 cac nghién cliu nay st dung nhitng

Ni mang trén Al,Os, trong do cac kim loai thudng dugc
sunfua hda dé gidm su ngd doc xuc tac [1]. Mot dac
diém chung ctia nhitng loai xtc tac nay la thudng dugc
ché tao theo phuang phap ngam tam mudi tan dé dua
kim loai Ién chat mang, nén c6 nhugc diém 1a dé b that
thoat cac tam kim loai trong mai trudng phan Ung cé
su va dap cd hoc lén (khudy trén), lam xuc tac nhanh
mat hoat tinh.

Mot s6 loai xUc tac “phi truyén théng” haon, cé thé ké
dén xUc tac NiW, xdc tac cha Pt, Rh va Ru trén chét
mang ALOs cla Elliott [2] co hoat tinh kh& tét déi vdi
qua trinh HDO. Ngoai ra, cac thé hé xtc tac trén chat
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mang cacbon nhu xuc tac Ru/C, Pt/C hay Pd/C cla
Wildschut va cdng su [3] dugc chiing minh la c6 hoat
tinh tuong tu nhu cac xtc tac HDS truyén théng. Tuy
vay, cac hé xuc tac trén déu dua vao cac kim loai quy
nén gia thanh cao.

DPac biét, Rocha va cdng su tim ra xUc tac FeS [4] vdi
hoat tinh cao, han ché qua trinh hydro hoéa cac vong
thom, trong khi rat chon loc déi véi cac di nguyén té
nhu O, N. Ggi m& nay mang tdi y tudng cho ching téi
la ché tao mot hé xtc tac trén co s& kim loai chuyén tiép
khong quy hiém, c6 hoat tinh cao déi véi phan dng
HDO, bén viing, khong bi ngd ddc trong moi trusng
phan Ung va diéu ché dé dang.

FeSAPO-5 la vat liéu cé céu tric tuong tu zeolit véi cac
kénh vi mao quan thang va thong thoang, dugc bién
tinh tir vat liéu aluminophotphat AIPO-5 bang cach dua
thém Si va Fe vao trong céu tric 6 mang cg s& theo
nguyén tac thay thé dong hinh. Sau qué trinh khir bang
H., trang thai oxy hoa khir cla sat thay d&i [5] tao ra tam
hydro héa va hydrodeoxy hda cho xUc tac. Mot ddc
diém quan trong khéc clia xdc tac FeSAPO-5 ma nhiéu
xUcC tac truyén théng khéng co dugc la sat (Fe) dugc dua
vao trong mang tinh thé clia SAPO-5 va dinh vi chat ché
tai d6. Cac tam hoat tinh clia xic tac FeSAPO-5 vi thé
rat 6n dinh trong maoi trudng phan Ung mac du co sy
khudy trén manh va tiép xtc véi nhiéu tac nhan phan
Ung. Trong bai bao nay, chiing toi dua ra két qua nghién
clu qua trinh HDO trén hé xUc tac FeSAPO-5 da duac
ché tao [5]. Cac nghién cltu vé qua trinh HDO sé duagc
thuc hién trén phan tit mau guaiacol, trén cg s& dé sé
khao sat cac diéu kién cho qué trinh HDO nguyén liéu
bio-oil, thu dugc tU nhiét phan ba tao.

Thuc nghiém va phuang phap nghién cdu
Nguyén liéu va héa chdt

Céc hoda chét st dung trong nghién ctu dugc mua cla
Sigma Aldrich, bao gém: H3PO4, nhdém trisopropylat
(CoHxAIO3), TEOS, tetraetyl amonihydroxit (TEAOH)
20%, trietylamin (TEA), metyldixyclohexylamin (MCHA),
N,N-Diisopropylmetylamin (DPEA),
(NH4)2Fe(SO4)2.6H,O  va  Fe(OH)(CH3COO),.  Nudc
chung cét dugc chuén bi trong phong thi nghiém.

Ché tao xuc tdc FeSAPO-5

XUc tac FeSAPO-5 dugc ché tao theo phuang phép két
tinh thay nhiét, d& dugc dua ra trong mot bai bao trudc
day [5], vai cac budc nhu sau: Can mét lugng ngudn Fe
thich hgp theo ty I1é mol trong thanh phan gel ban dau
réi khudy tan véi 10ml nudc dé trong céc nhd 50 ml —
coC A

Can 16,4 g H3PO4 (ngudn P) vao céc 150 ml (cde B), sau
dé thém mét lugng chét tao cdu tric phu hgp vai thanh
phéan gel ban dau, cung 10ml nudc cat va khudy déu.
Tiép do, cho tu tU 26,55 g nhom trisopropylat
(CoHxAIO3) (ngudn Al) vao cbe B, luu y phai khudy that
déu tranh dé ngudn Al bj vén cuc. C6 thé bé sung thém
10ml nudc dé hd trg qua trinh hoa tan. Rot Ut ngudn
Fe vao mau va tiép tuc khudy.

Can thém 2,042 g TEOS va dua ti tir vao hdn hgp trén.
BS sung thém 15 ml nuéc dé dam bao lugng nudc hap
ly. Khudy déu va diéu chinh pH trong khoang tu 5-6
thong qua diéu chinh lugng H3PO4 (hoéc chét tao céu
tric). Sau dé tién hanh dua toan bd hén hgp vao binh
teflon, khudy tron déu bang con khudy ti va gia nhiét
tai 60°C trong 3h. Kiém tra lai pH (tUr 5-6) cCia mau trudc
khi dua vao thiét bi két tinh (autoclave) dé tién hanh két
tinh thay nhiét tai 165°C trong 15 gid. Sau 15 gig, dé
ngudi hdn hap dén nhiét do thudng, sau do gan loc va
riia két tla bang nudc cat dén pH =7. Két tha sau do
dugc sdy tai 100°C trong 12 gig va nung tai nhiét do
550°C trong 5h vai téc do gia nhiét 5°C/phut. Cac chét
tao cdu tric s dung trong nghién cliu bao gém
tetraetyl amonihydroxit (TEAOH) 20%, trietylamin (TEA),
metyldixyclohexylamin (MCHA) va N,N-
Diisopropylmetylamin (DPEA). Ngudn sat s¢t dung la
Fe(OH)(CH3COO)s.

Cé4c tinh chét clia dau sinh hoc cling dugc nghién clu
trong mot bai bao khac [6].

Kiém tra hoat tinh xuc tdc trén phdn t& mdu guaiacol

Phan Ung HDO vd&i nguyén liéu guaiacol da dugc thuc
hién trong mot nghién cliu trudc trén xuc tac FeSAPO-
5 cl nén dé chon loc hydrocacbon khong cao, trong
nghién cdu nay chdng toi thuc hién trén xdc tac
FeSAPO-5 da cai tién vdi viéc thay déi nguodn sét tir
NH4Fe(SO4), sang FeOH(CH;COO),, lam do tinh thé cla
SAPO-5 cao han. Lugng guaiacol st dung trong mdi lan
phén ting 1a 50 g. Qué trinh dugc thuc hién trong thiét
bi autoclave kin, chiu &p suét, c6 khudy cao va diéu khién
nhiét dé, trong nhiing diéu kién nhu sau: nhiét do
300°C, thai gian 2 gid, ham lugng xtc tac 5% khaéi lugng,
t6c do khudy tron 400 vong/phit, dong khi hdn hop
Ho/N2 v6i 10% H. theo thé tich dugc nap lién tuc vao
dau vao binh phan Ung dé gitr ap suét cho hé tai 60 at
va théo & dau ra binh phan Ung vdéi luu lugng 10
ml/phdt. Sau phan Ung hdn hgp trong binh dugc dé
ngudi vé nhiét d6 phong, gan loc phan lédng khoi xic
tac 1dng xudng dudi day binh. Nudc sinh ra trong phan
Ung dudc tach ra bang chung cét tai 105°C trong thdi
gian 2 gid. San phdm ldng sau chung tach nudc dugc
can khéi luong, sau do phan tich bang phuong phap
GC-MS dé xac dinh thanh phan héa hoc, qua dé xac
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dinh dugc dé chuyén hoa guaiacol trong phan ng
HDO. D6 chuyén hoa guaiacol dugc xac dinh bang (khéi
lugng guaiacol ban déu — khéi lugng guaiacol con
lai)/(khéi lugng guaiacol ban dau).

Nghién ciu qud trinh HDO ddu sinh hoc trén xdc tdc
FeSAPO-5

Qua trinh HDO vd&i nguyén liéu dau sinh hoc dugc thuc
hién tuong tu trén hé thiét bj str dung vai qua trinh HDO
nguyén liéu guaiacol, cling tuong tu vai cac budc phan
tich nguyén liéu va san phém. Cac diéu kién phan tng
clia qué trinh nay dugc thay déi nhu sau: nhiét dé tur
150-300°C; thdgi gian tur 0,5 dén 2,5 gid; ham lugng xuc
tac tir 2-6% khai lugng va toc déd khudy trén tir 100-500
vong/phudt. Do dau sinh hoc ¢ chia nhiéu thanh phan
phuic tap nén viéc tinh @6 chuyén hoa theo cac cach
truyén thdng la rat kné khan. Chinh vi vay trong bai bao
nay, chdng téi tinh hiéu qua cla phan Ung thong qua
do6 tach loai cac di nguyén té theo cac budc nhu sau:
Tinh téng ham lugng céc di t6 cé trong dau sinh hoc
thu dugc tur nhiét phan ba tao:

Yni X YixCi
Hl = —(Fo—F=—

Y Xix Ci

Trong do: H1 - la téng ham lugng cac di nguyén t6 cé
trong bio-oil, %; ni — s& nguyén ti di nguyén t& trong
c8u tu I; Yi — la khéi lugng mol di nguyén té trong cau
tur i, dvC; Xi — 1a khéi lugng mol cau thr i, dvC; Ci — la
ham lugng cau tif i trong bio-oil, %;
Tinh t6ng ham lugng cac nguyén té dj thé cé trong san
phadm clia qua trinh HDO dé&u sinh hoc:
o - nnj x'Y] x'C]
LXjxCj

Trong dé: H2 — la téng ham lugng cac di nguyén té ¢
trong san pham, %; Yj — la khéi lugng mol di nguyén té
trong cdu tlj, dvC; nj— sé nguyén tir di nguyén t6 trong
c8u t j; Xj — la khéi lugng mol céu trj, dvC; Cj —la ham
lugng cdu tl j co trong san phdm; Tu do6 tinh dugc dé
chuyén hoa bio-oil nhu sau:

H = (m1H1 —m2H2)/(m1H1)
Trong dé m1va m2 I&n luct la khéi lugng clia dau sinh
hoc va san phdm HDO dau sinh hoc.

K&t qua va thao luan
M0t s6 ddc trung cdu tric cta xuc tdc FeSAPO-5

C4u trdc tinh thé va hinh thai hoc clia xtc tac dudc xac
dinh bang ph& XRD va anh hién vi dién t& quét SEM.
Gian do XRD clia FeSAPO-5 trén hinh 1 cho thay xuc tac
déu co do tinh thé rét cao, duong nén thap, khéng xuét
hién pha tinh thé la. Cac pic dac trung quan trong nhat

clia FeSAPO-5 giéng vdi cac pic cla vat liéu AIPO-5
chuén, thé hién & cac goc 26 = 7,43% 19,74° 20,97°;
22,27°... [5]. Biéu nay ching té vat liéu Fe-SAPO-5 ¢b
céu tric dya trén khung tinh thé clia AIPO-5. Cac dac
tinh c&u trdc cla xdc tac nay dugc cho trong bang 1.
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Hinh 1: Gidn dé XRD cla céc xuc tac FeSAPO-5
Bang 1: Théng sé mang hexagonal trong cau tric cla
xUc tac FeSAPO-5

Tén mau Ham al®d) | C Thé tich
lugng Fe A | 6 mang
(%mol) (A3)
Cau tric - 13,61 | 8,54 1369,9
AIPO-5
chuén [3]
FeSAPO-5 5% 13,82 | 8,45 1397,2

Cé thé thdy Fe cd anh hudng it nhigu dén thong s6
mang cla tinh thé thu dugc. So vdi cdu tric AIPO-5
chuén thi khi thay thé Si va Fe vao khung mang tinh thé,
r& rang thé tich & mang cg s& dugc ndi réng ra. Diéu
nay cling cho thdy ham lugng di nguyén t6, di kim loai
s& 6 anh hudng dén cau tric tinh thé néu qua cao; diéu
nay phu hap vai cac nghién cu trén thé gidi [1, 3].

DEROFF SKU
< v
Hinh 2: Anh hién vi dién ti quét SEM clia xUc tac
FeSAPO-5
Anh SEM clia xUc tac & hinh 2 cho thay, ham lugng Fe
trong gidi han nghién cltu 5% khong anh huéng nhiéu
dén c4u tric xUc tac ndi chung, nhung lai ¢ dnh hudng
dén hinh thai hoc cla hat tinh thé xUc tac. Quan sat tu
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anh SEM cho thdy, kich thudc hat trung binh dat trong

khoadng 200-300 nm.

Ty |8 cac nguyén t6 hda hoc clia xtc tac dugc xac dinh

bang phucng phép tan séc nang luong tia X (EDX) va

dugc cho trong bang 2.

Bang 2: Thanh phan hda hoc clia cac mau xuc tac, xac
dinh bang phuong phép EDX

Cac tinh chat xtc tac
Ténmau | Thanh phan héa hoc (ty & | Kich thudc
mol) hat, um
O Fe Al Si|P (FWHW)
FeSAPO-5 | 3,36 | 0,027 | 0,72 0,82 | ®25um

K&t qua phan tich thanh phan hda hoc mau (sau khi da
nung tach loai template) cho thay: Ham lugng Fe trong
xUc tac ft han ham lugng Fe trong gel phan Ung ban
dau, ching té Fe chua dugc thay thé hoan toan vao
trong khung mang tinh thé. Ham lugng Al theo ly thuyét
thi phai bang ham lugng P trong cdu tric AIPO. Ty 1€ Al
trong xUc tac cho thay khi thay thé dong thai Fe va Si
thi Al+Fe phai bang Si+P. Ty & Al+Fe trong mau xuc tac
déu gan bang ty 1& Si+P, déng thdi tat c& cac mau déu
cho théy thé tich & mang ¢ s& Ién hon 6 mang ca s&
trong cdu truc AIPO-5 chuédn. DBiéu nay chiing té Fe va
Si d& thay thé mot phéan vao tam Al va P trong khung
mang AIPO-5.

Hinh 3 dua ra gian do TG/DTA cla xUc tac FeSAPO-5.
Gidn dd TGA c6 thé dugc phan tich trong ba khoang
nhiét dé: khoang th nhat tir 45°C + 100°C, khoang th
hai tUr 100°C + 150°C va khodng th( ba ti 150°C +
1000°C. Tai cac khodng nay ta déu thdy co su sut gidm
khéi lugng theo nhiét do, tuy nhién mic dé syt giam la
khac nhau.
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Hinh 3: Gidn do phan tich nhiét TG/DTA clia Fe-SAPO-5
Tai khoadng thif nhét, khéi lugng xuc tac gidm 0,222 mg
(giam 3,557%), lugng giam & day la khong dang ké va
vai t6c dé gidm cham, do trong khodng nhiét dé nay
chixay ra qua trinh bay hai nudc bé mat. Trong khoang
th( hai, quan sat thay co sy giam manh vé khéi lugng

2000
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trong mét khoang nhiét doé nhd, giam 0,882 mg
(14,130%); tuy trén gidn dd DTA quan st dugc qué trinh
thu nhiét manh, nhung nhiét dé tai day van nhd hon
150°C, chua du dé xay ra qué trinh loai template ra khoi
mang tinh thé, do d6, trong khoang nay chi la giai doan
bay hai nudc cdu tric. Trong khoang thif ba, khéi lugng
gidm tU tU va kéo dai trong mét dai nhiét do I6n vdi
lugng gidm khéng nhiéu: 0,473mg (7,578%); trén gidn
do DTA, nhin chung khodng nay tda nhiét, véi hai dinh
tda nhiét tai khodng 350°C va 820°C, trong do tai 350°C
xay ra quéa trinh dét chay template, con tai 820°C la nhiét
do6 danh déu su chuyén pha xUc tac.

Két qua thuc hién phdn ing HDO guaiacol va dau sinh
hoc trén xtc tdc FeSAPO-5

Trong diéu kién thuc hién phan Ung, san pham thu dugc
c6 thanh phan hoa hoc dugc xéc dinh bang phuong
phap GC-MS. Hinh 4 1a sac ky do cua san phdm qua
trinh HDO guaiacol, con bang 3 thé hién thanh phan
cac chét cé trong san pham.
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Hinh 5: Sac ky do cta san phdm HDO dau sinh hoc

Bang 3: Thanh phén hda hoc clia san phdm HDO

guaiacol
Thoi
stT|99" 1 1en chat Ham
luy, luong, %
phut
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Sau phan Ung, ham lugng guaiacol con lai trong san
pham chi la 40,85%; két hop véi khdi lugng san pham
l6ng, xac dinh dugc do chuyén hoa cla guaiacol Ia
64,2%. Dac biét, trong san phdm 1ong c6 hai
hydrocacbon chinh nhung chiém ham lugng t&i 51,19%
la benzen va toluen, chiing té dé chon loc cao cla qué
trinh hydrodeoxy hda. K&t qua nay cho thdy xic tac
FeSAPO-5 rat cé tiém nang trong phan ting HDO.
Thanh phan clia dau sinh hoc va san pham tir nhiét phan
ba tdo dugc xac dinh bang phuong phap GC-MS. Bang
4 mo ta thanh phan ctia dau sinh hoc. Két qua khao sat
phan ng HDO dau sinh hoc trén xuc tac FeSAPO-5
dugc thé hién trén bang 5. Cé thé théy, dau sinh hoc
chta  chd  yéu  225,5-tetramethyl-4-ethyl-3-
imidazoline-T-oxyl ~ (30,51%);  2,2,6,6-tetramethyl-4-
piperidone (17,68%) va 2-Pentanone, 4-hydroxy-4-
methyl (15,38%). Ham lugng oxy va nitd trong dau sinh
hoc kha 16n, ham lugng luu huynh rét thap, do do la
nguyén liéu thich hgp cho qué trinh HDO.
Bang 4: Thanh phan cla d&u sinh hoc theo GC-MS

1 1987 |Methoxy-benzen 0,30 6 19282 |6-methyl-Octadecan |CigHao 2,63
2 |11,05 |1-Methoxy-2-methyl-benzen |0,19 2,6,10,14-tetramethyl-
7 110,341 CoH 1,75

3 115,23 |3,4-Dimethoxytoluene 0,10 Heptadecan e
4 116,31 |Toluen 13,02 8 |12,817 |Pentadecane CisHs2 4,35
5 |17,53 |Benzene ' 38,17 9 |14247 2,6,10-trimethyl- CoHae 560
6 |17,83 |2-Ethyl-1,3-hexanediol 0,05 Tetradecane
7 (18,21 T,Z—Eenzendml 0,03 10 115,520 2-Methyl-E-7- CioHae 311
8 18,44 |Guaiacol 40,85 hexadecene
9 |1908 3-Methyl-6-(1-methylethyl)- 009 2-methylene-,

' 2-cyclohexen-1-one ' 1 |15,475 | (3B,50)-Cholestan-3- | CogHasO 1,67
10 119,79 |4-Methoxy-3-methyl-phenol |0,88 ol
11 120,03 |2-Methoxy-4-methyl-phenol | 0,74 12 15,767 | Octadecane CigHss 3,34
12 120,85 |Phenol 3,52 13 |20,338 | ethyl Hexadecanoate |CigH3sO; | 1,13
13 |- Céc chat khong ré rang 2,06 14 118,920 |Hexadecanenitrile CisHa 4,94
Té’ng ham |ugng hydrocacbon, % 51,19 15 121,757 E-11-Hexadecenal Ci6H300 0,39

Bang 5: Tom tat két qua khao sat qua trinh HDO dau
sinh hoc trén xuc tac FeSAPO-5

. Gia tri 150 |200 |250 |300 |-

Nhiét

do,°C|BO chuyén hal, 513051519 642 -
dau sinh hoc, %

The gAatr!h — 0,5 |1 1.5 (2 2,5

gian, b |B9 CNWEN N0ai 5 o lug 81601 | 711 711
dau sinh hoc, %

Ham | Gia tri 2 |13 |4 |5 |6

luong . . ,

xic tac, |PO hweén hoalseglossler 71711 |71

o dau sinh hoc, %

%

Téc  do|Gia tri 100 |200 |300 |400 |500

khudy, |P6& chuydn hoa

v/p du sinh hoc. % 49,2(54,9(65,3|711 71,2

Thet Thanh
gian . . . , R
STT Tén hgp chat Coéng thuc | phan,
luu % Ki
(phuit) i
. 5162 4-hydroxy-4-methyl- CeHuO 15,38
2-Pentanone
> |5.401 4-amino-4-methyl-2- CHENO 862
Pentanone
2,2,5,5-tetramethyl-4-
3 |7177 |ethyl-3-imidazoline-1- | CoHi7N2O - | 33,51
oxy!
4 |gogg |CRIBomane-lD2- L o (1,70
sultam
5 |gs3g |00 teramethyl-A-t L Vo 1768
piperidone

Bang 6: Thanh phén héa hoc clia san phdm HDO dau

sinh hoc
G Con Thanh
STT |l | Tén hop chdt ch phén
(phit) (%)
. 176 3-ethyl-2-methyl- CoHie 2.3
Pentane
5 183 2-ethyl-3-methyl- CoHie |3,41
Pentane
3 197 1,4-dimethyl-, cis- Cabbo 12,05
Cyclooctane
1-methyl-3-(2-
4 2,09 | methylpropyl)- CioHz2o 1,37
Cyclopentane
5 2,21 1-Undecyne CnHxo 11,84
6 234 2,3,3—tr'|methyl—1,4— CeHu |0,94
Pentadiene
7 2,54 | Benzene CeHs 12,81
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8 2,71 4-Tridecene, (2)- CisHze (1,28

9 2,92 |1-Undecyne CuHao 0,21

10 3,01 5-Tridecene, (Z)- Ci3Hzs 10,38

11 3,10 | Tridecane CisHzs 10,2

12 3,20 |Toluene C/Hs 18,65

13 3,45 |1-Tridecyne CisHa4 0,22

14 3,58 |2-Tridecyne CisHos 10,04

15 3,66 |1-Tetradecyne CiHas 10,06

16 3,80 |2-Tetradecyne CisHze 10,05
O-decyl- CioHa3

7 391 Hydroxylamine NO 109

18 4,00 |Ethylbenzene CeHio 12,53

19 4,09 |o-Xylene CgHo 3,22

20 |46 |p-Xylene CeHp |84

21 |aso |(methylethy)- CoHi | 0,47
Benzene

22 14,62 |m-Xylene CgHip 4,14

23 1490 |propyl-Benzene CoHpp 1,32

24 |50 |IethyI3-methyl- Cot |7,73
Benzene

>c 53 1,3,5-trimethyl- CHo [353
Benzene

26 |550 |IEtvlemethyl L o6
Benzene

27 |562 |1,.2-diethyl-Benzene CipHu 10,63

8 [579 1,2,4-trimethyl- CoHu 102
Benzene

PR L A A [N Py
Benzene

30 632 1,2,4,5-tetramethyl- Cou 172
Benzene

31 6,44 1,2,3-trimethyl- CoHo [3.06
Benzene

% 666 2-ethyl-1,4-dimethyl- Cotu |12
Benzene

33 674 4-ethyl-1,2-dimethyl- CoHus 1,25
Benzene
1-methyl-3-(1-

34 |686 methylethyl)-Benzene CroHia 3,33

35 |7,05 |24-Dimethylstyrene  |CiHp | 0,61

36 1720 1-ethenyl-4-ethyl- Cotn 0,07
Benzene
3-ethenyl-1,2-

37 7,38 |dimethyl-1,4- CioHiz 10,48
Cyclohexadiene

38 [755 1,2,3,4-tetramethyl- Cotu [1.49
Benzene

39 769 1,2,3,5-tetramethyl- Cobu |2,07

Benzene

1-methyl-4-(1-

40 |7,87 | methylpropyl)- CnHs 10,19
Benzene

4 gy |Tmethy-a-te- CioH 0,73
propenyl)-Benzene
1,2,3,4-tetramethyl-5-

42 1834 |methylene-1,3- CioHis 0,87
Cyclopentadiene

43 18,49 |2,4-Dimethylstyrene | CHiz [1,52

44 18,79 I-methyl-3-(I-methyl- CuHs 0,45
2-propenyl)-Benzene
6,7-Dimethyl-

45 19,02 ]123,588a- CioHig 0,01
hexahydronaphthalene

a6 |gpp |Tlebuteny)-23- L o
dimethyl-Benzene
7-bicyclo[4,1,0]hept-7-

47 19,30 |ylidene- CiHzo |01
Bicylo[4,1,0]heptane

48 |gua |ZENVRZ3diydrom e 609
1H-indene
11-isopropylidene-12- Cull

49 9,69 |Oxatetracyclo[4,3,1,1(2, O*“ 212,01
5),1(4,10)]dodecane
2,3-dihydro-4,7-

0 |98 dimethyl-TH-Indene Cife 10/
51 |1p,04 |2SthEVIL30- Crtha | 0,07
trimethyl-Benzene
1,2,3,4-tetrahydro-5-

52 |10,10 methyl-Naphthalene CuHhe 10,08
53 110,24 |pentamethyl-Benzene |CyHis |0,13

1,2,3,6,7,8,8a,8b-

54 110,42 |octahydro-4,5- CiuHzo 10,03
dimethyl-Biphenylene
4-(2-butenyl)-1,2-

& 10,52 dimethyl-, (E)-Benzene Crzbhs | 0,01
1,2,3,6,7,8,8a,8b-

56 10,81 octahydro—4,5— CuH>o 10,02
dimethyl-Biphenylene
1,2,3,6,7,8,8a,8b-

57 10,99 octahydro—B,S— CiuuHoo 10,01
dimethyl-Biphenylene
3-t-butyl-7,7-dimethyl-

e Oct—S—eyne—1,5—diyney Ciutlo 10,02

59 11,26 | Naphthalene CoHs 10,7
1,2,3,6,7,8,8a,8b-

60 11,91 |octahydro-4,5- CizH20 10,03
dimethyl-Biphenylene
1,2,3,5,6,7,8,9-

61 12,23 |octahydro- CisHig 10,01

Cycloheptlflindene

14
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1,2,3,4,5,6,7,8-

62 |12,37 |octahydro- CuHe 10,02
Cyclohept[flindene

63 |12,48 |Benzocycloheptatriene |CrHyp 0,02

64 12,54 | 1-methyl-Naphthalene |CyHip |0,

65 ]12,88 |2-methyl-Naphthalene |CyHi |0,2
‘]_

66  |13,27 |lsopropenylnaphthalen |CisHp 0,07
e
2_

67 |13,43 |lsopropenylnaphthalen | CisHy | 0,01
e

68 |13,52 |1-ethyl-Naphthalene |CyHp |0,03
1,7-dimethyl-

69 |13,70 Naphthalene CiaH2 10,09

70 113,94 |2-methyl-Phenol C/HgO | 1,11
1,8-dimethyl-

71 14,08 Naphthalene CpHp |0,12

72 |14,22 |2,2-Dimethylbiphenyl |CuuHu |0,01
1,4-dimethyl-

73 14,45 Naphthalene CiHz 0,07
1,8-dimethyl-

74 14,71 Naphthalene CHi |01

75 15,00 |4-methyl-1,1'-Biphenyl |CisH | 0,05

76 |1513 |2-methyl-11-Biphenyl |CisH 0,09

77 |5 | 3@ Methyl- CisH 0,02
propenyl)-1H-indene
1,6,7-trimethyl-

78 |15,52 Naphthalene CHu 10,03
1,6,7-trimethyl-

79 |1574 Naphthalene CHis 0,01
1,6,7-trimethyl-

80 15,81 Naphthalene CiHu 10,02

Téng ham lugng hydrocacbon 95,79

Cac chat phi hydrocacbon 4,21

Cé thé thdy, cac yéu t6 anh hudng nhu thai gian, ham
lugng xUc tac va t6c do khudy tron déu cho dé chuyén
hda dau sinh hoc dat cuc dai, sau dé khong tang nla.
Vé nhiét do, chiing to6i mdi chi khao séat dugc téi nhiét
dé 300°C do gidi han vé muc an toan cla thiét bj thi
nghiém. Tai nhiét d6 cao han, ap suét vuct qué 80 at,
trong khi gidi han an toan cla thiét bi st dung la 100 at
nén chung t6i chua co diéu kién khdo sat. Nghién clu
nay sé dugc hoan thién khi co hé thiét bi phu hgp. Tuy
vay, cO thé thdy trong cac diéu kién: nhiét dé 300°C; thai
gian 2 gig; ham lugng xtc tac 5% khdi lugng va téc do
khudy 400 vong/phut, do chuyén hda dau sinh hoc dat
tuong déi cao (71,1%). Thanh phan hda hoc cla sén
phdm HDO dau sinh hoc dugc xéc dinh bang phuong

phép GC-MS, thé hién trong hinh 5 va bang 6. San
phdm HDO cla dau sinh hoc chia rét nhiéu hop chét,
da s6 la cac hydrocacbon ti Cg — Ci3 (nédng hon xang
thuang mai). Thanh phéan phi hydrocacbon chi chiém
ham lugng rét ft, v&i 4,21%, ching t6 do chon loc tao
hydrocacbon clia quéa trinh nay rat cao. Mach cacbon
clia cac san phém cling thdp hon so véi nguyén liéu
chiing to ngoai qué trinh HDO, con xuét hién phan ng
cracking. Ham lugng hydrocacbon tham tang lén rat
cao so vdi nguyén liéu, hgp ly vai cac nghién cdu su
dung xuc tac FeS cla tac gia Rocha [4]. C6 thé théy, qua
trinh HDO trén xUc tac FeSAPO-5 gan nhu loai bd hoan
toan cac di nguyén t6 khoi dau sinh hoc, nén FeSAPO-
5 la xuc tac kha tét cho qua trinh nay.

K&t luan

D3 dac trung dugc cdu tric cla xtc tac FeSAPO-5 téng
hop. XUc tac nay c6 dé tinh khiét va do tinh thé cao, tao
thanh nh& su thay thé dong hinh cla cac nguyén t6 Fe
va Si vao mang AFl ctia AIPO-5. XUc tac cé do bén nhiét
tot.

Thuc hién phan tng HDO vdi nguyén liéu mau guaiacol
trong cac diéu kién nhiét dé 300°C, thai gian 2 gic, ham
lugng xUc tac 5% va téc do khudy trén 400 vong/pht.
Phan Uing c6 dé chuyén hda guaiacol dat 64,4% va tao
ra san phdm chila trén 50% la hydrocacbon, minh
chiing cho hoat tinh t&t cda xuc tac FeSAPO-5;

P& khao sat qué trinh HDO dau sinh hoc thu dugc tu
nhiét phan ba tdo trén xuc tac FeSAPO-5, céc diéu kién
t&i uu cho phédn Ung tim ra nhu sau: Nhiét dé 300°C,
thai gian 2 gig, ham lugng xUc tac 5%, téc do khudy tron
khéi phén Ung la 400 vong/phut. Két quéd cho théy,
trong dau sinh hoc chiia chdi yéu cac hap chét O, N; sau
quéa trinh HDO da tao ra san phdm long chia
hydrocacbon véi ham lugng kha cao, chd yéu ndm gan
phan doan xang. Mac du dé chuyén hoa bio-oil sang
san phdm léng chi dat 71,1%; nhung ham lugng
hydrocacbon co trong san phédm long dat rét cao (trén
95%), chiing t& do chon loc tét cla xUc tac FeSAPO-5
cho qua trinh HDO nay.
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