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Abstract: A zirconium catalyst system supported on MCM-41 (S-Z) with various weight
components (4-20 wt.%) Was synthesized by the sol-gel method. Structure and Morphology
Catalysts were characterized by X-RD, TEM, BET, FT-IR and TPD-NH3 methods. In this catalyst,
ZrO; is highly dispersed on the surface of MCM-41 capillaries. Catalytic activity and selectivity
were evaluated by the effectiveness of mild hydrothermal decomposition of cellulose to 5-
hydroxymethyl furfural (5-HMF). The results show that a catalyst with medium acidity exhibits a
high selectivity of 5-HMF.
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Qua trinh chuyén héa xenlulo thanh 5-hydroxymethylfurfural
(5-HMF) trén hé xic tac SO4*-ZrO,/MCM-41
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Tom tit: Mot hé xc tac Zirconia sunphat héa trén chat mang MCM-41 (S-Z) véi thanh phan khoi
luong khac nhau (4 - 20% khéi lugng.) duoc tong hop bang phuong phap sol-gel. Cau trdc va hinh
thai hoc cua cac chat xic tac duge dic trung bang cac phuong phap phan tich X-RD, TEM, BET,
FT-IR va TPD-NHs. Trong chét xuc tac nay, ZrO, dugc phan tan cao trén bé mat cac mao quan cua
MCM-41. Hoat tinh xuc tac va do chon loc dwoc danh gia bang hiéu suat qué trinh thay nhiét nhe
dé phan huy xenlulo thanh 5-hydroxymethyl furfural (5-HMF). Két qua nghién ciu cho thiy, xdc
tac c6 mat do axit trung binh nhiéu cho do chon loc 5-HMF cao.

Tur khéa: Vit lieu S-Zr/MCM-41, phuong phap sol-gel, xenlulo, 5-HMF.

1. Mé diu ning lugng (phu gia cho nhién ligu long), héa
chat (tong hop dialdehydes, eter, chat béo co
5-Hydroxymethyl-2-fufuraldehyde (5-HMF) khéi lwong phén tir thap va cac dan xuét hitu co

la mét trong nhitng san pham trung gian cua khac,...) [3], y duogc (diéu tri cc bénh than kinh,
phan ung caramel [1], thu hat sy quan tam tim mach, chan thuong do thiéu oxy,...) [4], thuc
nghién ctu vé tinh chat vat Iy va hoa hoc, pham (san xuét phu gia thuc pham: alapyridaine,
phuong phap san xuat va ang dung ctia cac nha acid levulinic, acid formic, chat bao quan,...) [5].
khoa hoc trén the gioi tir cuoi the ki 19 [2]. Do doi héi mitc do tinh khiét va do én dinh cao,
5-HMF co rat nhicu ung dung da dang trong cac quy trinh thay phan xenlulo dé tao 5-HMF
linh Vl.IC,khaC nhau cta cong nghi¢p nhu: vat li¢u thuong dugc thuc hién trong méi truong axit sir
(san xuat polymer, nhya tai sinh, polyester,...) dung céc axit nhu H,SO4, HCI va HF. Tuy nhién,
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diéu kién phan @ng rat nghiém ngat, vi du, thiét
bi phan tng phai chéng an mon va viéc st dung
axit vo co nong d6 cao s& dan dén 6 nhiém moi
truong nghiém trong. Str dung cac chat xic tac
axit ran trong diéu kién thiy nhiét 1a mot qua
trinh hoa hoc than thién vai moi truong va cac
san pham dé dang phan 1ap bang qué trinh loc.
Xlc tac SO4>/ZrO,, Al,0; da dugc nghién ciru
va st dung trong qua trinh thuy phéan glucose
trong nudc va cho hiéu suat tao thanh 5-HMF
cao [6]. JunZhang va cong su [7] da str dung xuc
tac SO42/ZrO; trén TiO, va dat dugc chuyén hoa
glucose thanh 5-HMF cao. D6 chon loc cua 5-
HMF va axit levulinic déu dat 28,8% véi su hién
dién ctia SO4*/Zr0,-TiO; khi ty 1é mol Zr-Ti la
5:5 6 170°C trong 2 gid voi moi trudong axit cyuc
thap. Trong bai bao niy, ching toi bao cdo qua
trinh tong hop sunfat hoa zirconia/MCM-41 (S-
Zr/IMCM-41) bang phuong phép téng hop truc
tlep vo1 ham luong Zr thay d6i va sir dung n6 lam
chat xtic tac dé chuyén hoa xenlulo thanh 5-HMF.

2. Thuc nghiém
2.1. Tong hop S-Zr/MCM-41

MCM-41 dugc téng hop thay nhiét theo quy
trinh dugc mo ta bdi Coleues va cong su [8].
Tong hop ZrIMCM-41 ¢6 ty 1& zirconia khéc
nhau thay di tir 4 -20% vé khéi lwong dugc diéu
ché bang céach sir dung ZrSO4 1am ngudn Zr dugc
dua vao gel hdn hop ban dau. Mau thu duoc
dugc ky hiéu la Zr/IMCM-41. Xic tac S-
Zr/MCM-41 dugc diéu ché tir qué trinh xir ly
Zr/MCM-41 da nung bang axit sulfuric 1 M, sdy
kho qua dém va nung trong khong khi ¢ 500°C
trong 4 gid. Cac mau duoc ky hiéu lan luot 13 S-
4Zr/MCM-41; S-8Zr/IMCM-41; S-10Zr/MCM-
41; S-12Zr/IMCM-41; S-15Zr/MCM-41 va S-
20Zr/MCM-41.

Xlc t&c MCM-41 va S-Zr/IMCM-41 dugc
dic trung bang phuong phap XRD trén may D8
Advance (buc). TEM (do trén may HITACHI-
H-7500 (Nhat), EDX trén may JEOL JSM 6500F
va FTIR trén may JASCO(USA) - FT/IR-4100.
TPD-NHj; trén may Autochem Il véi téc do gia
nhiét 10°C/ phut.

2.2. Phan vng chuyén héa xenlulo thanh 5-HMF

Qua trinh chuyén héa xenlulo thanh 5-HMF
sir dung xuc tac duoc thyc hién trong hé thiét bi
lam bing inox véi dodng teflon chiu duoc nhiét
d6 va &p suat cao két ndi voi thiét bi diéu khién
nhiét do dé duy tri nhiét &6 phan tng. Tiép theo
2g xenlulo cung vai 0,2 g xdc tac va 10 ml nude
cat dugc thém vao binh phan tng. Nhiét d¢ binh
phan ung duoc nang lén 170°C véi toc do gia
nhiét 10°C/phat, téc do khudy 250 v/phit, thoi
gian phan ng 2 gio. Két thic phan tng loc tach
phan ran va thu dugc 45 ml dung dich mau canh
gian. Dung dich thu dugc dem phan tich GCMS
trén may GC/MS Instruments - Agilent. Hi¢u
suit phan tng duogc tinh toan théng qua cong
thuc:

H (%) = C (%) x S (%)

Trong d6 C (%) 1a &6 chuyén hoa, S(%) 1a do
chon loc duoc tinh theo céng thic:

C(%) _ mcell,bandau - mcell,conlai
cell ,bandau
m,
S (%) — 5HMFthucte
—-m

bandau conlai

Vi m 1a khéi lugng xenlulo ban dau va sau
phan tng. Nong d6 5-HMF thuc té (Csmmrihucte)
dugc xac dinh theo phuong phap dudng chuan
va thé hién trén Hinh 1.

T
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Hinh 1. Buong chuan caa dung dich 5-HMF.



P.T. Son et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 36, No. 1 (2020) 64-71 67

3. Két qua va thio luin
3.1. Gidn d6 XRD cuia cdc chdt xiic téc tong hop duoc

Két qua do pho tia X (XRD) ctia c&c mau xdc
tac dugc dua ra trén Hinh 2.

-41
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Hinh 2. Gian &6 XRD géc nhé (a) va goc Ién (b) cua
S-Zr/IMCM-41.

Tir gian d6 nhidu xa vat lisu MCM-41 va S-
Zr/MCM-41 Hinh 2a cho thiy 1 pic nhon & viing
20 = 2° dic trung cho mit 100 (dioo = 41,946 A).
Pic dédc trung cua vat liéu nay cé cuong do 1on,
nhon ching to vat liéu tdng hop duoc c6 do tinh
thé cao va rat trat tu. C6 2 pic cudng d6 nho xuat
hién & viing 26 = 3,7° dac trung cho mat 110 (d110
~ 23,121 A) va 20 = 4,4° dic trung cho mit 200
(d200 = 20,85 A). Cac mat phan xa nay dic trung
cho cu tric hexagonal cia MCM-41. Theo két

qua EDX (Bang 2) ham luong Zr trong xdc tac
déu 16n hon gidi han phét hién cia phép do XRD
tuy nhién trén gian ¢6 XRD gdc Ién Hinh 2b
khong thdy xuit hién céc pic cua ZrSiOs hoic
ZrO,. Giai thich diéu nay theo ching t6i Zr da
thé dong hinh mét phan trong ciu tric MCM-41
dan dén thdng sb mang co so a, tang 1én (Bang 1).
Tuy nhién, & ham luong Zr cao (20% wt.) hang sb
mang khong tang ma cé xu hudng giam do sy tao
thanh ZrO; [9].

Bang 1. Thong s6 dic trung xuc tic MCM-41
va S-Zr/MCM-41.

Vit ligu dioo(A°)  ao(nm)
MCM-41 39,20 4526
S-4Zr IMCM-41 39,30 45,34
S-8Zr/MCM-41 39,40 45,49
S-10Zr IMCM-41 40,10 46,03
S-12Zr IMCM-41 4274 49,35
S-15Zr IMCM-41 43,36 50,06
S-20Zr IMCM-41 4232 48,86

Trong do, ao la don vi cdu tric tinh tir s6 liéu
XRD (a, = 2.d10073)

3.2. Gian Pé6 FTIR

Két qua do phd hong ngoai FTIR cua céc
mau xuc tac dugc dua ra trén Hinh 3.

MCM-41

S-8ZrIMCM-41

S-15Z/MCM-41

S-20Zr/MCM-41

Cuong do truyen qua (T%)

Si-O-Si

3500 3000 2500 2000 1500 1000 500
So Séng (cmiY)

Hinh 3. Gian d6 FTIR cua S-Zr/MCM-41.



68 P.T. Son et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 36, No. 1 (2020) 64-71

Quan séat phd FTIR Hinh 3 cho thiy su ton
tai cua cac nhom Si-OH (3450 cm™). Tan s6 dao
dong 1640 cm™ dic trung cho dao dong bién
dang H-O-H ctia nuéc trong vat lidu. Tan sb dao
dong 1084 cm dic trung cho dao dong hoa tri
ddi xtng 0=S=0. Tan sb 455 cm™ va 550 cm'?
dic trung cho dao dong bién dang cua pha tinh
thé ZrO,[10]. Trén phd FTIR khong thay sy xuat
hién cua tan s6 425 cm déc trung cho dao dong
Zr** diéu nay 1a do su canh tranh tin hiéu véi Si
hoac Zr** di bi thé dong hinh mot phan vai Si*
[11,12]. Két qua phd hong ngoai phi hop vai két
gqua XRD thu duoc.

3.3. Anh TEM

Anh TEM cia MCM-41 va S-Zr/MCM-41
duoc dua ra trén Hinh 4.

Anh TEM véi mat (100) (nhin tir trén xuéng)
cua vat lieu MCM-41 va S-Zr/MCM-41cho thay

cac hinh luc lang véi d6 trat tu cao c6 duong kinh
khoang 3,5-6 nm déu dan. Trong anh TEM quan
sat thiy cac ving den dam phan &nh nhiéu kim
loai, ving sang hon phan anh mao quan cua
MCM-41.

3.4. Phé EDX

Két qua phan tich thanh phan nguyén t6 theo
EDX cua xuc tac S-Zr/MCM-41 vé6i thanh phan
Ziconium thay doi dugc dua ra trén Bang 2 cho
thiy ham luong Zr dua vao bang phuong phap
tong hop truc tiép kha sat voi tinh toan. Didu nay
dugc giai thich 1a do MCM-41 duoc tong hop
trong moi truong kiém nén Zr(OH), hinh thanh
hoan toan di vao cAu trac vat liéu. Trai ngugc voi
qua trinh tong hop SBA-15 méi trudng chi yéu
1a axit nén mudi Zr chu yéu hoa tan vao dung
dich chi mdt phén it di vao céu tric mang tinh
thé [13].

Bang 2. Két qua phén tich ham luong nguyén té (%wt) theo EDX

Mau S-4Zr S-8Zr S-10zr S-12zr S-15Zr S-20Zr

% khéi lwong  /MCM-41  /MCM-41 /MCM-41 /MCM-41 /MCM-41 /MCM-41
Silicon 85,95 81,27 79,16 77,73 73,44 69,54
Zirconium 3,84 7,23 9,21 10,02 14,78 16,78
Sulfur 10,21 11,50 11,63 12,25 11,78 10,68
Téng 100,00 100,00 100,00 100,00 100,00 100,00

Bang 3. Cac thong sb dic trung cia MCM-41 va S-Zr/MCM-41 theo phwong phap BET

Thong s6 MCM-41 S-4Zr S-82r S-10zr  S-12Zr  S-15Zr  S-20Zr
IMCM-41 /MCM-41 /MCM-41 /MCM-41 /MCM-41 /MCM-41

Seer (m¥g) 11907 12426 10401 9985 912,8 10216 8739

Smesopore (M2/g)  826,2 8245 663,6 678,5 600,8 590,9 5745

Voore (€M¥/g) 1,99 1,27 0,91 0,89 0,85 0,75 0,74

Do (NM) 60-61 3637 3435 3436 3536 3031 3336
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Hinh 4. Anh TEM ciia MCM-41 (a), S-8Zr/MCM-41
(b), S-15Zr/MCM-41 (c) va S-20Zr/MCM-41(d).

3.5. Bang nhiét hdp phu khit hdp phu N,

Két qua do dang nhiét hap phu khir hap phy
N ctuia cac mau xuc tac S-Zr/MCM-41 duogc dua
ra trén Hinh 5.

1200
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Moy ||

600 | /
S-8Z7/MCM-41=
S-15ZIMCM-41~—~ ____—=~
S-2021/MCM-41
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Ap suat (p/p°)

©
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S
L

Kha nang hap phu (cm*/g STP)

Hinh 5. Puong dang nhiét hap phu N, cia MCM-41
va S-Zr/MCM-41 véi ham lugng Zr khéc nhau.

Trén dudng dang nhiét hap phu-kht hap phu
cia mau MCM-41 ciing nhu S-Zr/MCM-41 ta
nhan thay c6 céc viing phan biét. O viing ap suét
tuong dbi (P/Po) thap (0+0,3) Xay ra su hap phu
don 16p trén bé mat MCM-41. O 4p suit tuong
dbi cao hon (0,3+0,4), bat dau qua trinh hap phu

da 16p, qua trinh ngung tu trong mao quan. O
mau MCM-41, do kich thuéc mao quan lén
(6bnm) nén qua trinh ngung tu Mao quan xay ra
manh, xuat hién duong tré gitra duong hap phu
va giai hap. Tuy nhién ddi véi cac mau S-
Zr/MCM-41 c6 kich thuéc mao quan nho hon
(3nm), ngung tu Mao quan bi han ché. That vay
dbi voi cac mau nay khong nhan thay duong tré.
T Bang 3 nhan thay dién tich bé mat cua céc
xuc tac giam dan khi ham luong Zr ting Ién.
Diéu nay 1a do sy hinh thanh cac hat nano ZrO;
d3 che phu mot phan mao quan caia MCM-41.
Tuy nhién véi mau S-15Zr/MCM-41 dién tich bé
mat lai c6 xu hudng ting so v&i cac mau con lai.
Diéu nay c6 thé 1a do sy hinh thanh thém cac mao
quan gitra cac hat nano oxit ZrO,. [10]. Puong
kinh mao quan cua cac xuc tac S-Zr/MCM-41
nam trong khoang 3-4 nm kha twong dong voi
phan tich anh TEM. Buong kinh mao quan mau
S-15Zr/MCM-41 nho nhét so vaoi cac mau con
lai cuing véi két qua phan tich EDX cho thay ham
lwong Zr thich hop trong qué trinh téng hop mau
S-Zr/MCM-41 1a 15% vé khéi lugng. Khi ting
Ién qué nhiéu, Zr khong di vao cau tric ma con
hinh thanh nén cac dam hat vé6i kich thude 1on
che phu cac mao quan MCM-41.

3.6. Gidn do TPD-NHs

Két qua hap phu giai hap TPD-NHs theo chu
trinh nhiét o caa cac mau xuc tac S-Zr/MCM-
41 duoc dua ra trén Hinh 6.

0.025 - ——— 8ZrIMCM-41
20ZrIMCM-41
0.020 4
50.015
s
o
o
20.010 15Zr/MCM-41
S
o
0.005 -
0.000
T T T T T T T T T 1
100 150 200 250 300 350 400 450 500 550 600
Nhiét do (°C)
Hinh 6. TPD-NH; cua S-Zr/MCM41 véi ham luong
Zr khac nhau.
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Trén gian do giai hAp TPD-NHj; (Hinh 6) ciia
cac mau x(c tac co cac pic giai hap phu chinh: 3
pic trong khoang Tmax = 170+200°C tuong (ing
v6i cac tam axit yéu, pic trong khoang Tmax =
250+300°C tuong tng Vva4i c&c tdm axit trung
binh va 1 peak trong khoang Tmax = 500+550°C
tuong (rng v&i tm axit manh. Tuy nhién, sy phan
b céac tm axit trong cac mau xUc tac ¢ su khéc
nhau. Mau S-15Zr/MCM-41 c¢6 tam axit trung
binh va tong luong tam axit 16n nhat so voi cac
mau con lai.

Bang 4. Do axit mmol NHa/g xUc tac ctia cac mau
vt liéu.

e 1A mmol NHs/g xuc tac

Vit ligu <200°C_ 250-300 500-550
S8ZrIMCM-41 0415 0799 _ 0,593
S-15Zr IMCM-41 0404 0986  0.419
S-20Zr IMCM-41 0385 049 0,384

3.7. Danh gid hogt tinh xic tac

Két qua danh gia d6 chuyén hoa xenlulo, do
chon loc san pham 5-HMF va hiéu suat qué trinh
trong cung diéu Kién phan &ng trén cac hé xuc
tac khac nhau dugc trinh bay trong Bang 5.

Bang 5. b6 chuyén héa xenlulo, d6 chon loc 5-HMF
va hiéu suat qua trinh trén cac hé xuc tac khac nhau.

CS-HMFthucte S(%) C(%) H(%)

(ppm)
S-4ZrIMCM41 516,95 2,99 63,27 1,89
S-8Zr/IMCM41 1831,45 10,60 64,51 6,83
S-10Zr/MCM41 2000,65 11,58 68,49 7,93
S-12Zr/MCM41 1965,8 11,37 69,48 9,02
S-15Zr/IMCM41 2832,8 16,39 70,15 11,49
S-20Zr/MCM41 1623,2 9,39 68,63 6,44

Ghi chl: Cs-nwr dueoc tinh theo dwong chudn 1

Tir Bang 5 cho thiy do chuyén hda cua cac
mau S-Zr/IMCM-41 twong ddi cao (60 -70%) va
tang khi ham luong tAm axit ting. Nhu ta biét, dé
tao dugc san pham 5-HMF, xenlulo duoc thuy
phan bing xuc tac axit (axit long va axit ran).
Qué trinh bao gom 2 giai doan chinh: thiry phan
xenlulo thanh glucose va déng phan héa glucose
thanh fluctose tao 5-HMF [14]. Ca hai qué trinh
trén déu dugc XxUc tac boi cac tam axit. Tuy
nhién, trong qua trinh ddng phan héa tao 5-HMF

Xlc tac

can tdm axit co cuong do trung binh, thm axit
manh nhu siéu axit ran ZrO, sulfat héa gay ra
qua trinh bé mach tao san pham phy khéng mong
mudn nhu axit focmic, acetic, glycolic [15].
Nhan dinh nay c6 thé duoc thiy rd hon khi quan
sat Hinh 7. Trén Hinh 7a cho thay voi miu S-
15Zr/MCM-41 hau nhu khong thay xuét hién cac
pic lai chi xuat hién 1 pic vai thoi gian luu 5.7
phut dic trung cho 5-HMF, trong khi mau S-
10Zr/MCM-41 (Hinh 7b) ngoai pic dic trung
cho 5-HMF con c¢6 céc pic la véi thoi gian luu
thip hodc cao hon 5,7 phut c¢6 thé la cac san
pham phu nhu pentanoic acid (CsHgO3); 1,2,4-
Cyclopentanetriol (CsH1003); Cyclotrtrasiloxane,
octamethyl (CsH2404Sis). Tir két qua trén, trong
nhitng nghién ctu tiép, ching toi s& tién hanh
diéu chinh d6 axit (cuong do axit) dé dat duoc
do chon loc cao hon.

+MRM (126.0 -> 69.0) 15%-Zr-MCM41.D
2 x10 8

*5.736 min.

0.5- L
. A

T T I T T T T T T
48 5 52 54 56 58 6 6.2 64 6.6
Acquisition Time (min)

+ MRM (126.0 -> 69.0) 10%-Zr-MCM41.D
2 x10 44
3 7
© 6.5 * 5.743 min.
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554
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0_,_—/'\——._.—/\&-—__}\ l
-0.54

418 5| 5_|2 5!4 S_IS 5.[8 é _G.IE 6!4 E.TE
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Hinh 7. Két qua phén tich pho GC-MS cua qué trinh
chuyén héa xenlulo thanh 5-HMF trén hé x0c tac S-
15Zr/MCM-41 va S-10Zr/MCM-41.
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4. Két luan

- Pi tong hop thanh cbng xlc tac S-
Zr/MCM-41 bang phuong phap truc tiép voi
ham lugng Zr khac nhau. Két qua ddc trung hinh
thai hoc chirng minh Zr** thé dong hinh mot phan
Si**, mot phan tao ra hat nano siéu nho ZrO, nam
trong mao quan MCM-41. Xlc tac tao thanh cé
cuong d6 axit manh thuan lgi cho qua trinh thay
phan xenlulo.

- P9 axit manh c6 anh huéng réat 16n dén do
chon loc 5-HMF, thuc té 1a giam do chon loc 5-
HMF va tao ra nhiéu san pham phu khéng mong
mudn. Nhiing nghién ctu tiép theo can diéu
chinh do axit, tao x(c tac c6 nhiéu tdm axit
cuong do trung binh dé ting d6 chon loc 5-HMF

Lol cam on

Nhom tac gia xin gui 101 cam on dén Vién
Hoa hoc - VAST da tai trg kinh phi cho dé tai
(QTHU 01.01/18-19).
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