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SU DUNG PHUONG PHAP BE MAT PAP UNG DE TOI UU HOA CAC YEU TO
ANH HUONG DEN PHAN UNG CHUYEN HOA SUCROSE
THANH 5-HYDROXYMETHYL-2-FUFURALDEHYDE BANG SU KET HQP
GIUA NHIET VA XUC TAC HCI
USING RESPONSE SURFACE METHOD TO OPTIMIZE CONVERSION REACTION
CONDITIONS OF SUCROSE INTO 5-HYDROXYMETHY L-2-FUFURALDEHYDE
BY A COMBINATION OF HEAT AND HCI AS A CATALYST
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Tém tat - 5-HydroxymethyI-Z-furfuraIdehyde (5-HMF) 1a san pham
trung gian ctia phan (rng caramel va cé rat nhiéu trng dung trong
cong nghiép. Dwa trén khao sat ban dau phwong phap bé mat dap
&ng dwoc st dung dé téi wu hoa cac yeu t6 anh hwéng dén phan
ng chuyén héa sucrose thanh 5-HMF bang su két hop gilra nhiét
va xuc tac HCI véi ham muc tiéu la hiéu suét chuyen hoéa 5-HMF
(H, %). Bidu kién ti wu ctia phan (rng chuyén héa la T = 17,4 phat;
C=1,81 MvaR =6,6:1(mL:g), v&i diéu kién phan (rng tbi wu hiéu
suat chuyén héa dat gia tri cwc dai Hmax = 56,229 + 2,519%.
Nghién ctru da cung cap thdng tin quan trong cho cac nghién ciru
tiép theo vé& hop chat 5-HMF va tién t&i qua trinh san xuét 5-HMF
v@i quy mo Ién va quy mé céng nghiép.

Tir khéa - 5-Hydroxymethyl-2-furfuraldehyde; tdi wu héa; phwong
trinh hdi quy; sucrose; sw két hop gitra nhiét va xuc tac HCI.

1. Pat vin dé

5-Hydroxymethyl-2-fufuraldehyde la mét trong nhitng
san phdm trung gian cua phan tmg caramel [1], thu hut sy
quan tdm nghién ctru vé tinh chét vét Iy va hoa hoc, phuwong
phap san xuit va img dung cua cac nha khoa hoc trén thé
gi6i tir cubi thé ki 19 [2]. 5-HMF c6 rat nhiéu tmg dung da
dang trong cac linh vuc khac nhau cua cong nghiép nhu:
vat lidu (san xuét polymer, nhya tai sinh, polyester, ...),
nang luong (phu gia cho nhién liéu long), hoa chat (tong
hop dialdehydes, eter, chat béo co khdi luong phan ti thap
va cac dan xuat hiru co khéc ...) [3], y dugc (d1eu tri cac
bénh than kinh, tim mach, chan thuong do thiéu oxy, ...)
[4], thyc phdm (san xuat phu gia thuc pham: alapyridaine,
acid levulinic, acid formic, ..., chat bao quan, ...) [5].

Cac nguén nhiét (nudc nhiét, hoi nudc bdo hoa, hoi
nude qua bao hoa, ...) va xdc tac (HsPO4, H2SO4, hdn hop
MgO va ZrOy, ...) di dugc st dung dé chuyén héa cac co
chat (glucose, fructose) thanh 5-HMF, tuy nhién c¢6 nhiéu
nhuogc diém nhu: thiét bi nhiét c6 ciu tao phure tap, chi phi
bao tri bao dudng 16n, van hanh & 4p sudt cao, ..., CAc XUc
tac bat budc phai loai bé hoan toan trudc khi 5-HMF dugc
sir dung cho thuc pham va y duoc, co chit ban déu dit tién,
do do, kha nang ung dung v6i quy mo san xuét 16n con han
ché. Nghién ciru chuyén hoa sucrose thanh 5-HMF bang su
két hop gitra nhiét va xic tac HCI khéc phuc nhugc dlem
Cua cac nghién ctru da dugc tién hanh [6]. Tuy nhién, toi
uu hoa cac yéu td anh huong dén phan ung chuyén hoa

Abstract - 5-Hydroxymethyl-2-furfuraldehyde is one of
intermediate products of caramel reaction and it has a variety of
applications in industry. Based on primary results, response
surface method is employed to optimize conversion reaction
conditions of sucrose into 5-HMF by a combination of heat and
HCl as a catalyst and the target function is 5-HMF yield.
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sucrose thanh 5-HMF chua dugc thuc hién; vi vay, ang
dung cta nghién ctru vao thyc té san xudt bi giéi han.

Nghién ciru ndy duoc tién hanh nhim muc dich xay
dung md hinh todn hoc mo ta mbi quan hé cua cac yéu td
anh huéng dén hiéu suit chuyén hoa 5-HMF, xac dinh
dugc diéu kién tdi wru va tinh ché hop chat 5-HMF nham
nang cao kha nang ung dung cua nghién ctu v4i quy md
san xuét 16n.

2. Hoa chit va phwong phap nghién ctru
2.1. Héa chit

Sucrose (Merk, Dirc), acid clohydric (36 — 38%), acid
gluconic, natri hydroxit khan (96%) (Trung Quoc),
5-HMF, methanol (Sigma-Aldrich, USA).

2.2. Phuwong phdp nghién ciu
2.2.1. Xdy dung mo hinh toan hoc va ma tran thuc nghiém

Dura trén khao sat ban dau cua nhom tac gia, cac yéu tb
¢6 anh huéng chinh dén phan Gng chuyén hoa sucrose
thanh 5-HMF bang su ket hop gitra nhiét va x1ic tac HCl la
thoi gian phan Ung, nong do xtc tac HCI va ti 1¢ the tich
xlc tdc HCl:sucrose. Moi quan hé giita cac yéu t6 anh
huong dén higu sudt chuyén hoa 5-HMF 1a phi tuyén, do
d6 md hinh toan hoc cép 2 duoc chon dé mé ta anh hudng
clia cac yéu td va sy twong tac giita cac yéu té dén hiéu suat
chuyén hoa 5-HMF. Mic, khoang bién thién cac yéu tb
duoc thé hién & Bang 1.
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Bing 1. Mirc, khodng bién thién cia cdc yéu t6 anh hiéng

Khoing bién thién

Cic yéu tb Bién thue Bién mi
inh huéng Mirc Mirc Mirc Mie Mirc Mic
duéi  cosé  trén duwdi cosé trén
Thoi gian phan tmg g 10 15 1 0 +1
(T, phit)

Néng dé xuc tac 1.8 2 292 -1 0 +1
HCI (C, M) ' '

Ti 1¢ thé tich xic tac
HCl:sucrose (R, mL:g)

10:1 121 -1 0 +1

Phuong trinh hoi quy cap 2 c6 dang [7]:
H =bo + biT + boC + bsR + b12TC + bisTR + bsCR
+ 011 T? + bC? + basR?
Trong do6: T: Thoi gian phan (ng (phut),

C: Nong d6 chét xuc tac HCI (M),
R: Ti 1¢ thé tich xtc tac HCl:sucrose (mL:g),
bi =1.2.3): Hé sb tuyén tinh,
bij (i=1,2,3; j=1,2,3): Hé ) tuong tac cap,
bjj (=123 Hé s6 bac hai.

Phin mém Minitab (Version 16, Minitab Inc.,
Pennsylvania State, USA) duoc st dung d€ xay dung ma
trén thi nghiém cho mé hinh toan hoc cép 2 bang phuong
phép bé mét theo phuong an cau trac ¢6 tim quay (Central
Composite Design) c6 so lugng thi nghiém 1a 20, s6 lugng
thi nghiém tai tam 1a 6 va canh tay don o = 1,68179.
Ma tran thi nghiém duogc thé hién ¢ Bang 2.

Bdng 2. Ma trdn thi nghiém

TT T (phat) C M) R (mL:g)
1 5 18 8:1
2 15 18 8:1
3 5 2,2 8:1
4 15 2,2 8:1
5 5 1,8 12:1
6 15 18 12:1
7 5 2,2 12:1
8 15 2,2 12:1
9 1,6 2 10:1
10 18,4 2 10:1
11 10 1,66 10:1
12 10 2,34 10:1
13 10 2 6,6:1
14 10 2 13,4:1
15 10 2 10:1
16 10 2 10:1
17 10 2 10:1
18 10 2 10:1
19 10 2 10:1
20 10 2 10:1

2.2.2. Phan tmg chuyén héa sucrose thanh 5-HMF

Sucrose (1 g) va xuc tac HC1 dugc hoa tron déu trong
binh phan ung kin Teflon (60 mL) chiu nhiét va chiu ap
suat, phan g chuyén héa sucrose thanh 5-HMF dugc thuc
hién trong 10 sdy (101-2, Ketong, Trung Qudc). Nhiét do
phan tng duoc cai dat 1a 180°C. San pham thé thu dugc

sau phan tmg dugc 1am ngudi dén nhiét do phong va bao
quéan & 4°C cho phan tich tiép theo.
2.2.3. Xdc dinh hiéu sudt chuyén héa 5-HMF

Hiéu suét chuyén héa 5-HMF duogc xac dinh béng
phuong phép sic ki 16ng hiéu ning cao (HPLC) [8, 9]. San
pham tho thu duge sau phan Gmg dugc trung hoa bang
NaOH va loc qua mang loc PTFE (Sartorius, Ptic) co
duong kinh 16 mang 0,2 pm. 20 uL mau dugc tiém vao
HPLC. Hon hop nudc khir ion va methanol (90:10, v:v)
dugc loc qua mang loc cellulose nitrate (Sartorius, Puc) cé
duong kinh 16 mang 0,45 um, dugc sir dung lam pha dong
v6i toc d6 dong 1 mL/phat. Cot C18 (Dionex, 5 pm,
120 A, 4,6 x 50 mm), dau do UV trén HPLC (Dionex
Ultimate 3000, Thermo Scientific, My) duogc sir dung dé
phan tach va xac dinh d6 hap thu cua 5-HMF tai budc song
284 nm. Acid gluconic duoc sir dung 1am chat ndi chuan
cho xay dung duong chuan va tit ca cic mau phén tich.
Hiéu sudt chuyén héa 5-HMF dugc tinh bing %
(g 5-HMF/100 g sucrose).
2.2.4. Phén tich, danh gid phiwong trinh héi quy va i wu
hoa theo Central Composite Design

Sy twong thich cta phwong trinh héi quy dbi véi thuc
nghiém, y nghia ctia hé s b trong phwong trinh hdi quy,
mirc d6 anh hudng cua tirng yéu t va su twong tac giita cic
yéu té dén hiéu suit chuyén hoa 5-HMF duoc danh gia qua
hé s6 R, kiém dinh Student, kiém dinh Fisher [7, 10, 11].

3. Két qua nghién ciru va thio luin

Céc thi nghiém dugc tién hanh theo ma tran thuc
nghiém & Bang 2, mbi thi nghiém cho timg diéu kién cua
phan tng chuyén hoéa duoc lap lai 3 lan, twong ung véi
3 hiéu suét chuyén hoa (Hi, Ha, Ha) dugc xac dinh. Sic ki
dd ctia san pham tho thu dugc sau phan tmg dugc thé hién
& Hinh 1, két qua thi nghiém dwoc thé hién ¢ Bang 3.

Bing 3. Két qua thi nghiém

STT H1(%) H2(%) Hs(%0)
1 14,00 11,30 8,86
2 44,65 49,69 49,69
3 10,92 10,44 10,92
4 36,04 38,3 35,20
5 4,67 4,67 3,35
6 23,89 28,13 25,63
7 8,62 6,91 9,32
8 37,67 37,63 33,79
9 0,95 0,95 0,92
10 61,07 61,60 61,07
11 40,39 40,40 40,39
12 33,67 42,83 42,83
13 43,06 38,97 43,06
14 49,06 46,31 46,31
15 42,15 41,65 42,73
16 45,29 44,57 44,49
17 32,83 33,96 36,69
18 43,13 40,15 40,57
19 39,54 38,76 40,08
20 35,89 35,63 39,80
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Hinh 1. Sdc ki q‘(f ciia san pham thé thu dwoc sau phan img
chuyén hoa (diéu kién phan umg: 180°C, HCI 2 M, 10 phut,
ti 1¢ thé tich xic tac HCl:sucrose 10:1, mL:g)

Phuong trinh hdi quy dugce xdy dung boi phan mém Minitab:
H =-238,523 + 10,970T + 248,784C - 7,343R
-0,555TC - 0,158TR + 8,330CR - 0,258T?
- 81,507C2 - 0,428R?

Véi R? = 0,7907 chimg to phuong trinh hoi quy cap 2
¢6 sy tuong thich kha cao ddi véi thue nghiém. Kiém dinh
Student va kiém dinh Fisher sir dung gia trj P dé danh gia
¥ nghia cua hé sb b trong phuong trinh hdi quy, mtc do
anh hudng cua timg yéu td va su twong tac cua timg yéu td
dén higu suit chuyén héa 5-HMF [11, 12].

Bing 4. Két qua kiém dinh Student va kiém dinh Fisher

Hésbb GiatiT GiatiF  Gidtri P

Phuong trinh ™, 1,493 0,142
hoi quy

20,99 0,000
T bs 2,839 8,06 0,007
C b2 1,882 3,54 0,066
R bs -0,697 0,49 0,489
TC b2 -0,333 0,11 0,740
TR bis -0,948 0,90 0,347
CR bas 2,000 4,00 0,051
T2 b1 -5,187 26,90 0,000
c? b2z -2,626 6,90 0,011
R? bss -1,380 1,90 0,174

V6i mirc d9 tin cdy 95%, cac hé s0 ¢6 y nghia trong
phuong trinh hoi quy, cac yeu t6 va su tuong tac gilta cac
yéu t6 c¢6 anh huong dang ké dén hiéu suat chuyén hoa
5-HMF khi P < 0,05.

Vi gia tri tai tam, phac dd duong vién 2D va phac do
bé mit 3D duoc xay dung boi phan mém Minitab gitip danh
gia dugc vai tro ciia timg yéu tb trong anh huéng cua twong
tac giita hai yéu to dén hi¢u suat chuyén héa 5-HMF va du
doan duoc hiéu sudt chuyén hoa 5-HMF, dugc thé hién &
Hinh 2, Hinh 3, va Hinh 4.

Thoi gian phan tng dong vai tro quan trong d6i voi anh
hudng ciia twong tac giita thoi gian phan tmg va ndng do
xtc tic HCI dén hi¢u suat chuyén hoa 5-HMF. Hinh 2,
hiéu sudt chuyén hoa 5-HMF dat gia tri 1on nhat khi
T =14 -18 phat, C = 2M.

N

2 4 6 8 10 12 14 16 18
T

Hinh 2. Phac d6 duong vién 2D va phéc do bé mdt 3D thé hién
anh huong cua twong tac giita Tva C den H khi
R (constant) = 10:1 (mL:g)

L.

7 '\ " il
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T

Hinh 3. Phac d6 duong vién 2D va phéc do bé mdt 3D thé hién
anh huong cua twong tdac gitva Tva R den H khi
C (constant) =2 M

Thoi gian phan tng d6ng vai trd quan trong dbi véi anh
huéng cla twong tac giita thoi gian phan Gng va ti 18 thé
tich xuc tac HCl:sucrose dén hiéu suat chuyén hoa 5-HMF.
Hinh 3, hiéu suit chuyén hoa 5-HMF dat gia tri 16n nhat
khi T=15-18 phat va R = 7:1 (mL:g).

—— . . —
17 18 19 20 21 a2
c

Hinh 4. Phac d6 duong vién 2D va phéc do bé mat 3D thé hién
anh huong cua twong tac giita C va R dén H khi
T (constant) = 10 phat

Nong do xuc tac HCI dong vai trd quan trong ddi voi
anh huéng cia tuong tac giita ndng do xuc tac HCl va ti 18
thé tich xtic tac HCl:sucrose dén hiéu suat chuyén héa
sucrose thanh 5-HMF. Hinh 4, hiéu suit chuyén hoa
5-HMF dat gi4 tri 16n nhit khi C = 1,8 - 1,9 M va
R=7:1 (mL:qg).

Vi phac d6 duong vién 2D va bé mit 3D cho thay thoi
gian phan tmg va ndng do xuc tac c6 anh huong dang ké dén
hiéu sudt chuyén hoa 5-HMF, ti 1¢ thé tich xdc tac
HCl:sucrose khong c6 anh huong dang ké dén hiéu suat
chuyén hoa 5-HMF, diéu nay phi hop véi két qua kiém dinh
Student va kiém dinh Fisher (Bang 4) voi gié tri P cho thoi
gian phan ung, ndng do xuc tac va ti 1& thé tich xuc tac
HCl:sucrose lan Iuot 1a 0,007; 0,066 va 0,489. Hiéu sudt
chuyén hoa 5-HMF sé ting va dat gi4 tri 16n nhat khi ting
thoi gian phan tmg trong khoang tir 15 dén 18 phit, ting
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nong d6 xtic tac HCI trong khoang 1,8 M dén 1,9M va ti 1&
thé tich xtc tac HCl:sucrose dugc duy tri ¢ 7:1 (mL:g). Phan
tich nay pht hop vai Iy thuyét vé phan tmg caramel [1].

Nghiém t6i wu ctia phuong trinh hoi quy 1a T = 17,4 phlt;
C=1,81MVaR=6,6 (mL:g). V&i gia tri ctia nghiém tdi uu,
hidu suét chuyén héa 5-HMF dat gia tri cuc dai
Hmax = 54,371%. Nghiém t6i wu ciia phuwong trinh hdi quy
ph hop véi phan tich & phac d6 dudng vién 2D va phéc do
bé mat 3D. Hiéu suit chuyén hoa 5-HMF thuc té dat gia tri
cuc dai Hmax = 56,229 + 2,519% & diéu kién phan tmg i vu.
C6 su sai khéc giira hiéu suat chuyén hoa 5-HMF tinh bang
phuong trinh hdi quy so vé6i thuc nghiém vi sai s6 trong qua
trinh thi nghiém va tinh toan két qua thi nghiém.

Hiéu suit chuyén hoa 5-HMF cuyc dai trong nghién ctru
nay (56,229 * 2,519%) co thé so sanh vdi nghién ctru cia
Mendonga va cong su (Hmax = 50%) [13], OktayYemis va
cong su (Hmax = 3,4%) [14], Yanlei Song va cong su
(Hmax = 99,40%) [15]. Su chénh léch vé hiéu suat cuc dai
trong nghién ctru nay va cac nghién ctru khac 1a do khac
nhau vé co chit, nguén nhiét va xuc tac duoc su dung.

4. Két luan

Nghién ctru da thanh cdng khi xay dung mé hinh toan
hoc mo ta anh hudng cua cac yéu t va sy twong tac giita
chc yéu td dén hiéu suét chuyén hoa sucrose thanh 5-HMF
bang su két hop giira nhiét va xtc tac HCI. Diéu kién phan
tng chuyén héa t6i wu khi T = 17,4 phat; C=1,81 MvaR
= 6,6 (mL:g) phu hop v&i phén tich phéc dd duong vién 2D
va phac d6 bé mat 3D. Vi diéu kién phan g toi uu, hidu
suat chuyén hoa SHMF cuc dai khi tinh bang phwong trinh
hdi quy Hmax = 54,371% va thuc t& Hmax = 56,229 +
2,519%. Nghién ctru di cung cip thong tin quan trong cho
céc nghién ctru tiép theo vé hop chat 5-HMF.
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