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ABSTRACT

The new study on synthesis of 2-methylfuran from Acacia mangium
wood sawdust derived furfural by was carried out by muti-steps process
with hydrogenation using the copper chrome as catalyst. The
appropriate  conditions of the hydrogenation process in a
butanol/propanol medium for preparation of wood sawdust derived
2-methylfuran from furfural were established as follows: catalyst dosage
was 20%, reaction temperature was 150°C and 180°C, retention time at
the maximum temperature was 8 and 10 hrs, reaction presure was 8
amt. Under these conditions, yield of methylfuran was up 18.4 to 24.6 %
mol over the furfural. The study opens a new way for production of

green fuel additives.

1. Gidi thiéu chung

Ngay nay, sy tang trudng nhu cau vé nguyén liéu hda
thach nhu ngudn cung cép hda chét va nang lugng,
cung vdi sy can kiét nhanh chong cla ching, da gia
tdng nhu cau phat trién ngudn nang lugng va héa chat
cG ban mdi va bén ving. Diéu nay cé thé dugc gidi
quyét bang cong nghé ché bién sinh khéi, k& ca sinh
khéi tinh bét va sinh khéi lignocellulose [1]. Ngoai
nhiing dang nhién liéu truyén théng la hydrocabon,
mot trong nhiing loai héa chat dang chi y co thé phéi
trén vai nhién liéu truyén théng la 2-methylfuran (MF)
va 2,5-dimethylfuran (DMF) [2,3].

Thuc t€ nhu d& biét, do tinh chét khac nhau cla céc
dang vat liéu lignocellulose, nén méi loai déu yéu cau
phuong phap x ly, chuyén hda khac nhau, nha do, vét
liéu c6 thé dugc chuyén héa thdng qua qua trinh [én

men hoac sinh-hda hoc thanh cac hda chét cg béan co
thé dugc st dung truc ti€p hoac lam nguyén liéu cho
san xudt cac loai hoa chat quan trong khédc, monome
hoac nhién liéu cd ngudn gdc sinh hoc [4]. Khac vdi
sinh khéi chia tinh boét, thanh phén polysaccarit cla
sinh khéi lignocellulose déng thdi la hexosane va
pentosane, c6 thé dugc dudng héa thanh duong C6
va C5 tuong Ung. Chdng han, mét trong nhitng hoa
chét co ban quan trong dugc téng hgp tUr D-glucose
(tao thanh tu kh& trung hgp cellulose), la 5-
hydroxymetylfurfural (5-HMF), dugc stt dung cho téng
hap 2,5-dimethylfuran (DMF); 2,5-furandicarboxylic axit
(FDCA) hay axit levulinic (LA), hay furfural tUr ducng C5
bang phan Ung khit nudc, cling 1a nhitng dan xuat
quan trong lam héa chét co ban cho téng hap nén cac
hgp chét khac nhau cé gia tri [5]. Néu nhu pentosane
clia sinh khdi lignocellulose chi co thé dudng hoa hiéu
quéa bang axit v6 ca & nhiét dé cao, thi cellulose co thé
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dugc duong héa bdng enzyme [6] dugc xem la kj
thuat than thién maoi trudng han.

Téng quan vé téng hgp 5-HMF tir dudng st dung céc
hé xtc tac khit nudc khéc nhau, da dugc téng két
trong cong bd gan day [7] cho thay xdc tac axit la mot
trong cac hé xUc tac cé uu thé vé tai st dung va tinh
sach san pham 5-HMF. Cac hé xUc tac axit ran ché tao
tUr mét s6& ngudn sinh khéi lignocellulose ¢6 hoat luc
axit cao, st dung cho chuyén hoa xylose tir phé liéu gb
keo tai tugng thanh furfural [8] da khang dinh tinh hiéu
qué clia chung déi véi phan Ung khi nudc furfural
trong mdi trudng nudc-isopropal.

Trong s6 cac loai xUc tac chuyén héa furfural va 5-HMF
thanh 2-methylfuran va 2,5-dimethylfuran d& dugc
cdng bé [8,9,10], Cu, Cr va cac hgp chét cta ching cé
hoat tinh xUc tac kha hiéu qua. Mot dang xUc tac oxit
lung kim, nhu xtc tac thuong phdm 2CuOCr,0s chua
dugc nghién clu sit dung, cé thé la gidi phap hiu
hiéu. Bay cling la ly do chung téi chon loai xdc tac nay
cho nghién clu.

Nhu vay, v&i nhitng vén dé da trinh bay & trén, trong
nghién clu nay st dung phé liéu gb cho téng hap cac
hop chét furan no gép phan phat trién cong nghé hinh
thanh nén mét quy trinh san xuét 2-MF, san phdm lam
phu gia tr sinh khéi lignocellulose, dé pha trén nhién
liéu.

2. Thyc nghiém va phucng phép nghién cdu

Nguyén liéu sir dung cho nghién cltu la phé liéu gb
Keo tai tugng (dam manh vun hinh thanh trong qué
trinh ch&t manh nguyén liéu gidy) [7] c6 ham lugng
cellulose 40,94%; lignin 21,16%,; pentosane 14,98%. Hoa
chdt s&r dung la dang PA, xuét xr Sigma Aldrich va
Trung Quéc.

Pudng hoa phé liéu gb (mdi mé tién hanh vai 300 g
nguyén liéu) dugc tién hanh trong thiét bi phan Ung
dung tich 3,5L bang dung dich H.SO4 0,75%, & 140°C
trong 40 phut. Dich dudng (C5) sau khi chiét dugc loc
va tiép tuc chuyén hoéa thanh furfural trong thiét bj
phan Ung Parr 4848 dung tich 1L. M&i mé tién hanh vdi
0,5L dich dudng & 150°C trong 7h, st dung xUc tac axit
ran sunfo hoa ché tao tUr phé liéu gb cé dd axit 4,79
mmol/g, v&i mic s dung 20% so vd&i khéi luong
dudng, theo phuang phap da cong bé [7]. Furfural sau
doé dugc thu hoi bang chung cat nhigu 1an trén thiét
chung cat phong thi nghiém cé dung tich ndi gia nhiét
dung tich 10L, & nhiét dé séi 100°C, 14y phan nudc
ngung & 55-60°C. Tiép dé furfural dugc lam khan
bang Na.SO4 dén ndng dd >98%.

Téng hgp 2-methylfuran dugc tién hanh trong thiét bj
Parr 4848. M&i mé tién hanh vd&i 50 mL furfural.
Furfural va 2-methylfuran dugc xac dinh bang HPLC
trén thiét bi Agilent 1200 Series, nhiét dé hoat déng tur
5+500°C, d6 &m tU 5+95%, tiéu chudn phu hop
GLP/GMP. Méy dugc trang bi bam chan khong khir khi
G1322A. Bom dung mdi pha dong GI1311A Quant
Pump, Budng diéu nhiét cot G1316 C 1290 Infinity,
Detector VWD G1314B. Cét phan tich ZOBAX Eclipse
XDB C18 150x4,6mm- Agilent, kich thudc hat 5 um. Pha
déng kénh A 1a nudc khir ion/Acetonitrile ty 1& 5/95,
Kénh B la Acetonitrile 100% dugc loc qua mang 0,45
um va khtr khi. Chuong trinh dung mai : tir 0-5 phut/
100% kénh A, tr 5.1-10 phut 40% kénh A-60% kénh B,
TU 10.1-14 phdt, 100% kénh A. Phan mém xU ly s6 liéu:
Agilent 2D LC ChemStation Software (G2170BA)
Version B 04.01 trén hé diéu hanh WINDOWS XP.

3. Két qua va thao luan
Pudng héa phé liéu gé va téng hop furfural

Thuc nghiém dudng hda phé liéu go, ti 10,2 kg phé
lieu go, thu dugc 55 lit dich dudng, ndng do xylose dat
trung binh 14,27 g/L. Hiéu suét xylose dat trung binh
7,9%.

Qué trinh chung cét furfural dugc thuc hién 4 [an, dé
thu dugc furfural ndng dé 1024 g/L. Tiép doé, furfural
dugc lam khan dén néng do 1086 g/L, tuong ducng
vdi ndng do xap xi 99%. TU 10,0L dich duong, da thu
dugc 134,8 ml furfural. Hiéu suét furfural dat 18,65% so
vai khéi lugng dudng. Phuong phép thuc nghiém &
quy mo pilot st dung xUc tac axit ran, co thé téng hop
dugc sén phdm do tinh khiét cao, tuong duang mét sé
dang thuong phdm, nhung cé hiéu suét thdp hon
nhiéu so vd&i san xuat & quy mé cong nghiép st dung
xUc tac la axit sunfuric, khi hiéu suét xap xi 50% so vdi
khé&i lugng dudng [12]. Tuy nhién, cling dé dang cé thé
nhan thay nhitng uu diém cla phuong phap si dung
x(c tac axit ran, dugc nghién clu nhiéu trong nhiing
nam gan day.
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Hinh 1: Ph& HPLC cla furfural thu dugc
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T6ng hgp 2-methylfuran

Cac thuc nghiém téng hap 2-MF (Hinh 2,4) cho thay, &
nhiét d6 <100°C trong 480 gid phan ung, furfural
khéng bi hydro héa, khong phat hién dugc san pham
trong dung dich sau phan Ung. Mét loat thuc nghiém
vdi ca 02 loai dung mdi la butanol va propanol & cac
muc nhiét dé va thdi gian khac nhau cho théy, déi vai
ca hai loai dung méi, tir nhiét dé >130°C, furfural bat
dau bi hydro hda manh, hiéu sudt 2-MF tang dan khi
tdng nhiét d6, nhung & nhiét d6 >180°C, hiéu suét 2-
MF lai gidam, do su phan huy furfural dién thanh cac
san phém phy, nhu acetalfurfural, furfural alcogol,
..dién ra manh hon [13]. Hiéu suat MF cao hon khi sur
dung butanol.

J cling diéu kién phan tng, muc chuyén héa furfural
dién ra manh hon trong moi trudng butanol, tuy
khong khac biét nhiéu so vdi trong moi trudng
propanol. RG rang, phdn Ung hydro hda trong moi
trusng butanol ¢é tinh chon loc cao han, vi thé ma
hiéu suat 2-MF cling cao han.

90 -
80 -
70
60 -
50
40
30 -
20 -

10 A

Hiéu suat MF/Chuyén héa furfural {% mol.)

o 4

110 130 150 180 200
Nhiét dé (°C)

Hinh 2: Anh hudng cla nhiét d6 hydro héa trong méi
truong butanol dén chuyén hoa furfural (2)
va hiéu sugt methylfuran (1)
(MUc st dL;Jng xUc tac 20%; Ti 1é furfural:butanol 1:9 vol.;
Ap sudt hydro: 8 atm; Thdi gian: 8h)
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Hinh 3: HPLC cla 2-methylfuran thu dugc
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Hinh 4: Anh hudng ctia nhiét do hydro hoa trong moi
trudng propanol dén chuyén héa furfural (2)
va hiéu suét methylfuran (1)
(MUc st dung xuc tac 20%; Ti 1é furfural:propanol 1:9 vol.;
Ap suét hydro: 8 atm; Th&i gian: 8h)
Nhu vay, c6 thé thdy nhiét d6 hydro hda 180°C la thich
hop déi véi ca 02 loai dung méi da st dung. Dai nhiét
dé nay (160-220°C) cling da dugc ap dung déi vdi mét
s6 nghién ctu gan day s& dung xdc tac tuong tu nhu
Cu,Pt, Cr [2], nhung hiéu suét thadp han, chi dat xap xi
20% mol. so vdi furfural.

K&t qua clia mét sé thyc nghiém phan Ung hydro héa
furfural & nhiét dé va thdai gian khac nhau (Bang 1) cho
thdy, kéo dai thai gian phan Ung & nhiét d thép hon
hodc gidm thdi gian phan Ung & nhiét do cao han, cé
thé dat dugc muc chuyén hoa furfural va hiéu sudt MF
tuang duong. Diéu nay cho phép dié chinh diéu kién
cong nghé trong khoang nhét dinh dé dat dugc hiéu
quéa phan Ung.

Bang 1: Anh hudng clia nhiét dé va thai gian hydro

héa furfural dén muic chuyén hoa va hiéu sudt MF

(MUc sir dung xtc tac 20%; Ap suét hydro 8 atm)

TT | Diéukién | Dung | Hiéusudt| Chuyén
phan Ung moi (% mol.) hoa
furfural (%)
1 [ 150°C,10h | Butanol |18,82+1,05 53,64
2 | 150°C,10h | Propanol |16,03+1,21 50,94
3 1 180°C,6h | Butanol |15,17+1,05 61,39
4 | 180°C,6h | Propanal |12,56+0,79 58,12
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MUc chuyén hda cla xuc tac da st dung thdp hon so
vai moét loai xUc tac Iludng kim, nhu Cu-Ni/y-
ALOs (Cu/Ni = 1, 2 and 4) [14], dat hiéu sut 2-MF 84%
mol. & diéu kién hydro hda vdi &p suédt 4 amt, hay khi
s& dung xUc tac qui hiém nhu Ru/NiFe;O4 trong moi
hydro hda trong maéi trusng propanol, dat hiéu suat 2-
MF 83% [15]. Mac du vay, st dung xUc tac oxit ludng
kim 2CuOCr,053 c6 nhitng uu diém vé su phd bién cua
xUc tac, dong thai co titm nang dé hoan thién ky thuét
téng hap 2-MF theo huéng sif dung loai xtc tac nay.

4. Két luan

Téng hop truc ti€ép methylfuran, moét chat hitu ich lam
nhién liéu sinh hoc va tUf nguyén liéu tai tao, da dugc
nghién cu mét cach cd hé théng bdi qua trinh 03
budc, bao gdm dudng hda phé liéu gb bang axit,
chuyén hoa dudng thanh furfural bang xuc tac axit ran
sunfo hda ché tao ti phé lieu gb va hydro hoa furfural
trong moi trudng butanol/propanol si dung hé xuc tac
2CuOCr:03. & nhiét dé thich hgp trong khoang 180°C,
muc s dung xuc tac 20% so vai khéi lugng 2-MF, ap
suét trong hé 8 atm, thdi gian hydro héa 8h, hiéu suét
2-MF dat 18,4-24,6% (mol.) so vdi furfural. SI dung xuc
tac axit ran sunfo hda tir ngudn nguyén liéu phé liéu
gd va xuc tac oxit kim loai két hgp, 1am cho quy trinh
trd nén sach han, co thé tai tao va tiét kiém, tuan theo
cac nguyén tac t6i da clia hda hoc va ky thuat xanh.
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