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Investigation of Scale-up Simulation for Corn Straw Ball Milling
Pretreatment Utilizing Discrete Element Method

XIAO Weihua LIU Luoyang TAN Yufeng LIN Hao ZHANG Hui JIA Xiwen
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract; Aiming to enhance the promotion of straw ball milling pretreatment technology and assess the
feasibility of scaling up the ball milling pretreatment process, the energy consumption during straw ball
milling pretreatment was predicted at a larger scale by using discrete element simulation, followed by
verification of the pretreatment efficacy post-scaling. After increasing the cylinder size of the CJM —SY —
B vibrating ball mill in laboratory conditions to 24 times its original volume, a three-dimensional
geometric model was constructed. The EDEM software was employed to simulate impact energy dissipation
within the ball mill by inputting physical property parameters for corn stalks both at initial stages and after
milling, thereby estimating energy consumption for scaled-up operations. Concurrently, particle size
distribution and sugar production concentration from corn straw subjected to ball milling were compared
across two different scales, validating the effectiveness of straw ball milling treatment. Results indicated
that predicted energy consumption was 1. 48 kW - h/kg of straw while actual consumption measured at
1. 65 kW-h/kg with a relative prediction error of 10.3% . The difference in particle size span between
laboratory-scale and scaled-up corn stalks was merely 0. 8% , with total monosaccharide concentrations
resulting from enzymatic hydrolysis recorded as 85.5 g/L and 88.5 g/L respectively; these findings
suggested that enzymatic hydrolysis efficiency for corn straw remained largely unchanged despite scale
enlargement in milling processes. This research substantiated the viability of utilizing discrete element
methods for scaling up corn stalk processing and offered theoretical insights along with technical support
for broader applications in stalk milling.
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Fig.3  Straw simulation particles generated by EDEM
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Tab.3 Energy dissipation distribution in cylinder
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Fig.6  Prediction of dynamic change of crushing power

3 HBEFHNERIE

N T B R AR S 5 A UL CIM - SY - B AR
SRR I AL AT A R 7 R TR R 75wl AT 25
WK PIREFRE , T 78 52 15 AR AT IR 2> /) BEAT I,
I A5 P DR — B, I 0 A I ok S o 7 v Y BE
FE o LM BRI MU R R 9 — A b 2SR iR iR
HITJG T KA AT W ) Tl A A5CRANAE  TAL ,  J )
AL 3RS 2% 1R 1 A7 WOR BRES , IR IR = 2R 58
SR TR AE R RL AT LS, 05 A 2R AT TORCAR B4
o AR OR Y B
3.1 KENMgERNENSIHE

BRIEE ML AERE A0 T 1k 225 20 W W BRI L 35
Ty AR5 1 2 K BRI ML FRL 36 T 10 FL O R R TR A 5 e Al

NIE PR A PR AR R #7  YW33 B = A4 )
D ARAR IR A (LW ARAT BRA W), TR A8 5K 4% e FF
BRI it e b B R0 0 R R FRL O B Ak O SN 2 R Gl
A TE 53 110 T R B LA R I (] () AR 0 3 58 B REAE
AW

JJ P,dt
E,, =~ (3)
m
A E, M W B KRS A Uk T T FE 1Y RE &
kW -h/kg

P ——BRIEHLTE ¢ 2B 3 kW
m—— TR FEAT B i, kg
K7 B 7R o B Fag #AXF R CIM - SC - B2

BUER JEE HL I 20 BRI TR FEAT 1 h A D 5 840,
Bl 7 A FAF Origin Xof 47 0[] 1 B2 I, e ¢
THA A 2 B R O 40 H AT 1 h fEFE N
1.65 kW - h/kg, 5 {7 E AT 2| 1 1 % RE FE 25 R AH X 3%
224 10.3% ,

2700
2500
= 2300
#2100
B 1900
1700

Fif [ /s
B 7 CIM - SC— B2 BUER S HL I R ig %A H
Fig.7  Output of CJM — SC — B2 ball mill power recorder

3.2 KEREAREFMRNENE

FRAE KIM 45 27 i F 58 07 60, % AT 590k A R
o 5 HL 4 o P R i S5 1) 6 2 W 7 R B E A OC
W) 2 ORI B RS A R A 5 S 0 3 AR 114 3K S L
BRI 5 00 S A B A AH (] i A 2801 R AR 1 = 2
ANAHY

% i MASTERSIZER 3000 #U 3 ¢ i BE {2
(Malvern Panalytical 2\ &) , 9% [5 ) X F 4k B A1 )5 69 F5
FIAE G HEA T RS I A2, B 0. 2 ¢ T4k R I A4 465 T8
JILA 40 mL (8K, B B8 J5 38 I 22 0 2 B0 v, BLOK
F oy HOA BTN & . DL ERLAR Dso 1 P Y ki Az
KRB B (Relative span ) 3l 5 2 PEAS UKL 50 12 BE 1)
fEbR, BRI 1 A, A 5 S PATE, AR
e @)

DSO
Krp o Dyy—— R34 90% HY kit
D,,—— 2531 10% 1y kiiz

XTI J5 0 3K B A AT R AR o AT, 3R 4
&l 8 Brom il i 2 A, I e vhon] LU Y OR i Je
2 B RST AR 268 K, AR 5 B 2 18] i) i 2540 0. 8%

R, =



%13

B A 45 BT R HOT kB R AT BRI PAL B ORI 383

x4 MARAIEBRERERBET L
Tab.4 Particle size comparison of ball milling

samples before and after magnification
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Fig.8 Grainsize distribution of corn stalk in ball milling
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Fig. 9 Comparison of high solid enzymolysis sugar
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