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Dynamics of 5S-Hydroxymethylfurfural Preparation From Cotton Stalk with
Hydrothermal Method
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Abstract: In order to improve the degradation rate of cellulose in biomass and the yield of 5-hydroxymethylfurfural
(5—-HMF), the process for the degradation of cotton stalk to the S-HMF generation with hydrothermal method were
studied. The influences of various factors on the degradation of cellulose and 5S-HMF synthesis were analyzed to
determine the optimum process operating conditions; the dynamics of S-HMF preparation from cotton stalk with hydro-
thermal method with or without catalyst SO,*/ZrO, were analyzed. The results showed that when the reaction carried out
at 230 °C for 90 min and the dosage of catalyst SO . /ZrO,was 20%, the degradation rate of cellulose is up to 94.43% and
the yield of 5S-HMF is about 25.3%, which increased by 79.4% compared with no catalyst under the same conditions. The
results of kinetics study showed that catalyst SO,*/ZrO, had positive catalytic effect on cellulose degradation and 5—
HMF synthesis, and with the addition of catalyst SO,*/ZrO,, the activation energy of cellulose degradation reaction
decreased from 106 kJ*mol™ to 96.7 kJ*mol™ and the activation energy of the preparation of 5-HMF decreased from
119.4 kJ*mol ™" to 84.2 kJ*mol .
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Fig. 1 The effect of temperature on the conversion rate of
cellulose and the yield of 5S-HMF
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Fig. 2 The effect of the reaction time on the conversion rate of
cellulose and the yield of 5S-HMF
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Fig. 4 The effect of the amount of catalyst on the conversion
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Table 2 The degree of fitting between the kinetic model and the constant k of reaction rate and the experimental data

e k,/min" R ky+hy/min”! R ky/min”" ky/min”" R ky/min”"
200 0.002 20 0.986 01 0.010 96 0.971 09 0.000 32 0.000 32 0.91491  0.010 64

% 210 0.004 84 0.988 73 0.010 05 0.991 22 0.000 46 0.000 46 0.94591  0.009 59
220 0.007 50 0.994 05 0.008 99 0.995 17 0.001 40 0.001 40 0.982 16  0.007 59

230 0.011 27 0.997 38 0.008 03 0.975 87 0.001 65 0.001 65 0.989 49  0.006 58

200 0.004 62 0.989 75 0.013 07 0.974 37 0.000 69 0.000 69 0.98522  0.012 38

210 0.008 74 0.988 81 0.011 76 0.980 85 0.000 89 0.000 89 0.99477  0.010 87

i 220 0.013 84 0.997 62 0.006 72 0.988 79 0.001 84 0.001 84 0.967 39  0.004 88
230 0.020 14 0.992 45 0.004 25 0.983 85 0.002 24 0.002 24 0.98279  0.002 01

ME2 TR, BEEMRERTHS, s-HMF AR B 1 i BrOBl /K g A A @7 dh g B o FFJ0
R o BWIER, f, BWRN CRIBRET S, X MR SR AT B 250 T B &, A &, BRSO
W JEHEKAR AR s-HMF X — ROV AR, JF ke, RBUMAGEARS, &R £, (E3A BT,
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Ink, =106
RT

+20.9 (R*=0.977 13 % (17)

IR TR A i 5 - 8 FR R 2l g 2 07 R Oh
Ink, =194 182 (R=092358). (18)
RT
FHEREILR] Zr0,/S0, I :
YRRl 2 0 RN

96.7
Ink,=——=+193 (p-= );
1 RT R=0.989 39

(19)
IR JEREAE Y 5 P RRRRE 8l T2 T B

84.2
Ink,=——=+10.0 (R>= )o
2 RT R=0.946 63

TA S0,7/Zr0, AT . 2T 4E R B S SN 1k
AEFN 5—- HMF AE U IS AL REAR A TR, X BEHTiZ
A TR0 A Al 2T 20 2 o i A IS T A A 38 S5
K45 5s-HMF FREAAREALRCR . X020 7ro, A
B & TOPEAL G, X T4 4G W S Al A A i R R
AMEACRCRP, U T ARG L 5-HMF 1BR AR,
7 FH SR 25 S—HME I (19 g i b A A i 45—
HMF s R RERE 20 [ 11350, [ 19 80,2 /70,
HEAL R BA R, 74l R AE RRE SR T 345 5 B i
AR, HORBEE BARRAEE T NS S &

(20)

B 5—-HMEP . DIk B FRAIRET 4t K [ A AL BE Ak
JEEE Y 5-HMF 1S TLREFT 425 S—-HMFE /7R R

4 4518

AWFRARE TAFF KL G5 s-HMF B & HAE
F CUn SO IR o O IRFA] L Ak R 2 R L
i) XHZR Vs, I B T AR S A
BT AT 2 s-aME B 12241, BEILLUF
58

1) Bl B0 I B A T v RS B B ] R S, 2F
AR DI FRE AW =

2 ) 5—HMF J” 38 S o i B ) = i AN o5
Wil 52 7 ) ) B K S8 5 TS BEAIK L 7E 90 min B
F R KAE

3 ) ARSI e i IR TR X 41 4 3% i
5-HMF A BARRHVEN, Hb n(Zr):n(zn)=7:3
1 S0,%/Zr0, ZnO AN T4t 3 1 Rk i i R dic i
H.80,7/Zr0, ZnO XMELET 4 R B FI s-HMF & %
MILEA ORI, BERT i 47 4k 2L P52 2B,
A s-HMF B i KA. 5-HMF 77 58 m ik
25.3%, AR N ERICHEATT AT EE 15 79.4%.

4) FERSIFET , M ARKRLEIA s-HMF 19
SRR SRR RV 230°C , IRV ETTI90 min ,
KW 80,77/7r0, TERHEALH], HASINBTRE 3 E0CH 20%.
ISR 4E R BRI R 94.43%, 5-HMF B %
H25.3%

5) HEALF SO,2/72r0, AFTE S5 A I AR AT KRR i 45
5— FRHIRERE (B 1S5, AEREW . AL
FG, AR BEARAIELRERH 106.0 kI * mol™ KL E
96.7 kJ * mol™, T 5S-HMFABUTEALEEHT 1194 K * mol ™!
K2 84.2 kI * mol ™o
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