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Optimization of operating conditions for the production of humic acid by hydrothermal liquefaction of cotton

straw using response surface methodology

ZHANG Shunyuan', ZHANG Hongwei'"", ZHANG Kejiang"*"

(1.School of Environment and Municipal Engineering, Lanzhou Jiaotong University, Lanzhou 730000, China; 2. Alberta Chengdu Enviro
Tech Research Institute, Chengdu 610000, China)

Abstract: We determined the interaction between reaction conditions and the composition of reaction products to optimize the operating
conditions for producing liquid fertilizer containing humic acid using hydrothermal liquefaction of cotton stalks. A response surface analysis
method with three factors and three levels was used to investigate the effects of reaction temperature (X;, 260-340 °C), reaction time (X, 30—
90 min), and material mass fraction (X3, 5%—10%) on the yield of humic acid in water—soluble fertilizers. Regression model analysis of
variance showed that reaction temperature, reaction time, and material mass fraction all significantly impacted the yield of humic acid.
Among them, the material mass fraction was the most important parameter. The optimal reaction conditions for the yield of humic acid were
reaction temperature 300 °C, reaction time 90 minutes, and material mass fraction 10%. Under these conditions, the yield of humic acid
was 4.10%, which is higher than the humic acid content specified in the national standard for humic acid water—soluble fertilizers (not less
than 3%; NY 1106—2010) and is in good agreement with the predicted value. GC-MS analysis showed that the water—soluble products of
cotton stem hydrothermal liquefaction mainly contained phenols and their derivatives, i.e., ketones, aldehydes, alcohols, and organic acid
compounds.

Keywords : hydrothermal liquefaction; cotton stalk; response surface method; humic acid
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Table 1 Response surface analysis factors and levels

SR 2 R 2K
-1 0 1
FIRTE X/°C 260 300 340
S I B ] Xo/min 30 60 90
PPRLTT 5B X % 5 7.5 10
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Table 2 Response surface analysis design scheme and

experimental results

5 H Ttem Xu/C X/min X3/% Y1%
1 260 30 7.5 3.24
2 340 30 7.5 3.16
3 260 90 7.5 3.31
4 340 90 7.5 3.24
5 260 60 5.0 3.16
6 340 60 5.0 3.13
7 260 60 10.0 3.35
8 340 60 10.0 3.28
9 300 30 5.0 3.80
10 300 90 5.0 3.84
11 300 30 10.0 3.88
12 300 90 10.0 4.12
13 300 60 7.5 3.95
14 300 60 7.5 3.92
15 300 60 7.5 3.99
16 300 60 75 4.02
17 300 60 75 4.01

T0.9, Td AR TR Xof K4 i PN RG B8 2 e , X ARAT A 7K
PRSI A 18 A
2.3 M Rz T A5 2Y B 38 E

T IRTERRE R AR P , 2] 1 JEARLR ) AR TR
A IE SRR IR (1 1) Mgk 22 B (181 2) o bRtk 2E 02
3 22 R ARR 220 DRGSR 5 R Z ]
MR ZEAL . IESEERE AT T B 2 B AT Ik
O, W s FLER, AT LAHE IR A TR
SIS NP L RT DU BT A R s oL HE
GITE— 2 B L, INIL IR R ™ R AR AT B IE S 7
Aii, UEA R 5 SRR W) S R . e, A 2 1Y
522K RT LIA AR R ™ A5k 22 HA AL,

&3 MPFBBEFESTR

Table 3 Regression model analysis of variance

kI PR AmBE ¥y FE PlE 2 3
FEETY 2.370 9 0.253 18496 <0.0001 #REFH
X 0.008 1 0.008 572 00480 B
X 0.023 1 0.023 1693  0.0045 HEH
X; 0.061 1 0.061 4487 0.0003 HEH
XX 0.000 1 0.000  0.02  0.8962
XX 0.001 1 0.000 030  0.6051
XoX; 0.010 1 0.010 733 00303 B
X 2.120 1 2120 1556.06 <0.0001 HB#
X 0.004 1 0.004 282  0.1368
X 0.006 1 0.006 440  0.0742
i 0.010 7 0.001
BT 0.003 3 0.001 047 07216 KREF
iRz 0.007 4 0.002
A 2.280 16

I Note: R=0.996; Adj R=0.990; Pred R*=0.978; Adep precision=

34.580,

¥=3.98-0.03X,+0.05X,+0.09X;+0.01X, X,—0.0 LX. X5+

0.05X,X3-0.71X1-0.03X3-0.04X3

(4)

Normal probability/%

Normal plot of residuals

-2.00 -1.00 0 1.00 2.00

Externally studentized residuals
1 BT RN ESHTERE
Figure 1 Normal probability of humic acid yield

-3.00

Residuals vs. Predicted

Xt bR AR T R B A 45 2 TN - 0
DU RREIOC R AT DG R B R, LAV BB Tt K4t
AOHERRTE . — BSOS , 25 B A DN 3R S AR A il b
Z RO . AEABET R W B T Y R*=0.996, K

6.00
4.819 63
. 400}
=
=
3
& 200}
¥ - " o B =
ooy = =
= = gpf®
z m
= 200} o
g
S 400}
481963
~6.00}

3.0 3.2 3.4 3.6 3.8 4.0 4.2

Predicted
B2 BEBmENRER
Figure 2 Residual yield of humic acid
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Figure 3 Response surface(a) and contour plot(b) for the interaction of various factors
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R+ N BE (X1) 300 °C LB ] (X2) 90 min 474+
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RN AT 3UCPATIRAL SR 5, 45 B B S AR R 7
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Perturbation
(a)
42
CB
401
B
381C
3.6F
34 A
A
3.2+
3.0F
-2.000 -1.000 0 1.000 2.000
Deviation from reference point(coded units)
Prediction 4.101 78
3.429 75 3.352 25
(b) !
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’ 3.13475 i 3.097 25
5
£ , 2
S. ® /,'—3?2-2-7- 5T 313995 C+: 10
Ed X:/%
B=303713225 3.08475 Ci5
A-:260 Xi/C A+: 340

B4 RETZHFETN

Figure 4 Prediction of optimal process conditions
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Table 4 Main components of aqueous products obtained from

hydrothermal liquefaction of cotton stems under optimal conditions

75 HEU /min 2R it
1 1.683 2= CsHsO
2 1.842 FH st CH.0
3 1.925 fi iR C:H,0,
4 4.400 T CH.0,
5 9.250 A CH,0.
6 10.967 P-Z= i CoHi100,
7 11.350 2,3- A Ik CoH,0
8 12.117 Xof S5 PN R CioH 120
9 12.275 4= IR CoH 20,
10 12.725 2-FR A5 B 2T CoHi00,
11 13.117 2,6-— H RS CoH 1005
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