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Effects of LAT on chemical structure and enzymatic hydrolysis of crop straw

ZHAO Xiangjun, LI Cong, PENG Hehuan, ZHAO Chao, MA Zhongqing

(Zhejiang Provincial Collaborative Innovation Center for Bamboo Resources and High-Efficiency Utilization, School of

Engineering, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] This study aims to investigate the effects of liquid ammonia treatment (LAT)
pretreatment on the hydrolysis resistance of biomass and the enzymatic hydrolysis rate of lignocellulosic
biomass. [Method] Four different types of lignocelluloses biomass, namely wheat straw (Triticum aestivum),
alfalfa (Lotus corniculatus), sorghum straw (Sorghum bicolor), and their mixture (mass ratio 1:1:1), were
pretreated by LAT method, and the effect of LAT on their chemical structure changes was studied by using
thermo gravimetric analysis (TGA), Fourier transform infrared spectrometer (FTIR), X-ray diffractometer
(XRD), and scanning electron microscope (SEM). Then, the effect of pretreatment temperature and enzymatic
hydrolysis time on the enzymatic hydrolysis conversion rates of glucan and xylan in the four raw materials was
investigated. [Result] LAT had a significant effect on the chemical structure of biomass materials. After this
pretreatment, the relative content of glucan, xylan, and arabinan in four types of lignocelluloses biomass slightly
decreased. The relative content of O and H decreased because some functional groups containing O and H
dropped off. The crystallinity decreased slightly, while the surface pore structure significantly increased, and the

availability of enzymes in the chemical structure of biomass increased. The optimum pretreatment temperature
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of wheat straw and mixture was 90 °C, while that of alfalfa and sorghum straw was 110 °C. The enzymatic
hydrolysis rates of glucan and xylan increased with the increase of enzymatic hydrolysis time. Among the four
types of lignocelluloses biomass, the highest enzymatic hydrolysis rate of glucan obtained at the optimal
enzymatic hydrolysis condition was wheat straw, followed by the mixture, sorghum straw, and alfalfa. The
enzymatic hydrolysis rate of xylan ranging from large to small was sorghum straw, wheat straw, the mixture,
and alfalfa. [Conclusion] LAT can improve the enzymatic hydrolysis efficiency of lignocellulosic biomass,
especially that of wheat straw and sorghum straw. [Ch, 8 fig. 2 tab. 24 ref.]

Key words: wheat straw; alfalfa; sorghum straw; liquid ammonia treatment; enzymatic hydrolysis; cellulose

ethanol
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B, 3 B EORH RS A B D R R DA SRASFE A, AR . AR SR LA R BT R A SR AR X B
I 37.90% . 17.63% F13.35% K[ = 33.72% . 14.69% 1 3.28%, AR M 13.53% FFEE 10.53%;
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PSS, AR RIS b H D7 Bk AE SR (OH) /R I, AW BE R iy, AR ER 2%
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i (2224 MI-kg™") e, ZREFFRAITREMN & & (53.16%) femr; 48 LAT BAbEE, 3 FhFRH AgaRoTE
AR S B AR TR, S E AR ST, R0 LAT Wikb B AR A5 A 4 0 Ok b S A
fE A S b BRI 4 A V%, Q23 (—OH) . p—O—4 J5 ki, & s EW S Muiss, A T4
e B R0 A, FARBRS FOR P R RO R AT SRR, DIETEEONG], FOuEAMART SR T
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F1 LAT MAERIEEMNUFEAES S

Table 1 Content of chemical components in biomass before and after LAT

G HRME % RENE% BT RLAC SR A % KlasonA i %/% TK5¥ 1% R 41592/ %
ARAC PR A FEFT 35.54 19.06 3.19 18.92 13.83 100
LATHIAb B W22 A5 FF 32.86 17.99 3.19 15.34 11.59 99.84
P ISETDIEE R 27.38 12.88 3.02 21.38 5.90 100
LATTRAL B A 4 B 25.81 11.53 3.01 20.09 5.04 99.77
AL B R SRR T 37.90 17.63 3.35 13.53 3.67 100
LATHUAb 3 2 SR FF 33.72 14.69 3.28 10.35 2.71 98.99
RACPEHTR A 33.58 17.23 3.44 16.70 7.89 100
LATHAN AR A 30.32 16.81 3.43 13.61 7.22 99.46

F2 LAT A RERNITESH

Table 2 Ultimate analysis of biomass before and after LAT

FE T%/% /% /% B/ % /% N E/(MT kg ™)
RAC PRI A AEFT 39.06 6.63 53.16 0.79 0.36 20.33
LATTAL BRI FEFT 39.07 6.49 52.69 1.49 0.27 20.14
ARAL BRI R 43.79 7.22 47.47 1.36 0.16 22.24
LATTRIALBH A 4 B 43.87 6.90 46.83 3.10 0.29 21.29
ARAL B e A FF 43.53 7.09 48.21 1.01 0.17 22.29
LATHANBE ) = S FE F 43.57 6.91 46.61 2.74 0.17 21.52
RALFHITR G 42.46 6.93 49.36 1.03 0.22 21.25
LATHI AL B IR AP 41.60 6.58 49.23 2.40 0.19 20.51
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Figure I TG and DTG curves of wheat straw, sorghum straw and alfalfa before and after LAT
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Figure 2 FTIR analysis of samples before and after LAT
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Figure 3 Micrograph of samples before and after LAT pretreatment
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Figure 4 XRD analysis of samples before and after LAT
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Figure 5 Effect of temperaturecof LAT on the glucan and xylan Figure 6 Effect of temperature of LAT on the glucan and xylan
conversion of wheat straw conversion of alfalfa
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