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Effects of the endogenous potassium and calcium
metal ions on the yields and characteristics of

products drived from pyrolysis of corn stalk
CAl Hanle', ZHU Liang', CAl Wei', LU Weimiao', ZHANG Yutao? MA Zhongqing'*

'Bamboo Industry Institute, Zhejiang A&F University, Hangzhou 311300, China;
2College of Environment and Resources, Zhejiang A&F University, Hangzhou 311300, China
Abstract: Endogenous alkali and alkaline earth metals (AAEMs) in biomass ash and pyrolysis temperature have a significant impact on the
properties of pyrolysis polygeneration products. In this study, alkali metal (potassium) and alkaline earth metal (calcium) were selected as
representative metals of AAEMs. Potassium ions (K*) and calcium ions (Ca®") at different concentrations (2%, 5%, 7%) were added to corn
stover via the impregnation method, and fixed-bed pyrolysis experiments were conducted at 400, 500 and 600 °C to systematically

investigate the yields and compositions of pyrolysis gas, liquid, and solid products. The results showed that in terms of the effect of
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concentration, with the increase of metal ion concentration, the biochar yield increased significantly—when the concentration of Ca*" was
7%, the biochar yield reached 24.96%—while the bio-oil yield generally decreased. Due to its strong Lewis acidity, Ca>" significantly
promoted the formation of H, (accounting for 32.49% in the gas phase at 7% concentration) and facilitated the enrichment of furan
compounds to 65.88%. For K', low concentrations were conducive to the formation of phenolic substances, while high concentrations
promoted the generation of ketone compounds and intensified bio-oil cracking. In terms of the effect of temperature, as the pyrolysis
temperature increased from 400 to 600 °C, the biochar yield decreased, while the gas yield increased continuously. In addition, high
temperatures promoted the secondary cracking and reforming reactions of volatiles, significantly increasing the yields of H, and CH, while
inhibiting the formation of oxygen-containing components. Specifically, at 600 °C, catalysis by K" increased the content of acidic substances
to 39.41%, whereas catalysis by Ca”" increased the content of furan compounds to 65.89%. This study realized the directional regulation of
high-value components in bio-oil and high-energy gases by adjusting the concentration of metal ions and pyrolysis temperature, providing a

theoretical basis for the optimized utilization of biomass pyrolysis products.
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Table 1 Ultimate and proximate analyses of corn stalk before and after acid elution ash and metal ion loading

Sample Ultimate analysis wq,/% Proximate analysis wy/% Higher heatil};lg

C H 0] N S v FC 4 value/(MJ kg )
CS-Raw 46.09 6.40 46.74 0.59 0.18 77.39 20.00 2.61 18.91
CS-AW 46.45 6.92 46.13 0.38 0.12 85.16 13.26 1.58 19.06
CS-K-2% 46.46 6.31 46.12 0.26 0.85 78.88 17.51 3.61 19.12
CS-K-5% 44.48 5.95 49.22 0.23 0.12 74.84 17.24 7.92 18.53
CS-K-7% 43.05 5.68 51.00 0.24 0.04 71.51 16.89 11.59 18.18
CS-Ca-2% 43.33 6.23 45.07 5.37 0 75.79 20.58 3.63 16.89
CS-Ca-5% 39.40 6.49 40.65 13.46 0 69.17 22.01 8.83 13.70
CS-Ca-7% 37.37 6.51 29.56 26.56 0 65.83 23.25 10.92 9.99
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Table 2 The contents of the alkali and alkaline earth metals in the raw and acid-washing treated corn stalk

Contents of AAEMs/(ug'gil)

Removal rates of AAEMs/%

Sample

K Na Ca Mg K Na Ca Mg
CS-Raw 7375.47 417.06 663.03 789.85 - - - -
CS-AW 14.98 214.86 9.27 15.26 99.79 48.48 98.60 98.06

100 (a) Bio-oil B Bio-char (5 Bio-gas

80

51.69 55.597 [/44.28 40.83

Mass yield/%

19,308 [18.50

17.8 00.52

30478 1N23.9 36.33Y [\40.68

S $,=>°1° \L:\m

ke
¢t oY Y @

100 (b) Bio-oil B2 Bio-char Bio-gas

80 51.69] [Pa2.75 [/37.03] 173526

§
S 60
; s 4.4 24.9
S 24.11
= 40 17.84%
20+
30478 WN33.14Y R38.78Y RN39.78
0 q q 1
Q& :LO ’5‘0 :\CC
T T T

P2 NI B A B 8 RS 15 0] R KA AT ™ ) o ™ S ) S

Fig. 2 Effects of different concentrations of potassium and calcium ions on the mass yield of corn straw pyrolysis products
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Fig. 3  Effect of the concentration of the potassium and calcium ions on the pyrolysis behavior of corn straw



B a4, TRFEFF NI FI RIS 4 ) B X HB R, [EAT... ... | MR (FBEX0), 2026, 54(3), 20250222 (7 of 13)

®3 TRRELRHEEFHGEEFERAT
FEREFABRIRRE
Table 3 Residual carbon of corn stalk pyrolysis under different
concentrations of potassium ions and calcium ions
Total carbon Net organic

Sample

residue/% carbon residue/%

CS-AW 13.74 13.74
CS-K-2% 18.40 15.28
CS-K-5% 21.71 14.22
CS-K-7% 25.59 15.31
CS-Ca-2% 17.17 12.58
CS-Ca-5% 23.00 12.34
CS-Ca-7% 30.40 16.91

*: Net organic char residue rate is calculated as: [(mass of char
residue-mass of KCI/CaCl,) / (mass of raw material-mass of
KCl/CaCl,)] x 100%
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fitt; O TLE & B M 8.14% FFEZE 2.06%, W] K
P IMAE#E T & HEReH M2 Hou R 5 i
M 2.30% T % E 1.73%. B & 555 F
2% ¥EINZE 7%, C TR & 1 73.39% [ 2 53.10%,
H G E & &M 2.89% 4N & 4.34%, O JLE & &
M 7.07% ¥4I ZE 7.73%. T CILER &) KiF
TR, BEAE B RS B S L 3G N, AR o

i BB Y B BT R
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Kl 4(a) F1 (b) R AN [A] o 5 bE A9 49 25 RS 2
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T, BEE R N, COo FEEMAE TG
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Er I 63.73% [ 2 50.26%, 1 >4 & LN 2 5%
J5 . CO & &) 7] T 28 54.02%. 3% 2 K KI7EAR
J i AR T 2o AR R 35 12 N K A2 7 Boudouard
B2 B 1 [ #E AT, FE CO A4 i CO,™. T KHE
R AR, TR I, {2 T
CO, 4 3% Boudouard Jz i, 2 CO H#r 4= ',
XA FET CO, & =AM T ol 2% i Tt
% 24.49%, T AE 5% W} R &2 17.73%.

52 MR, CO & 2 Fifi 45 2 1 i 2 HL 3 in 2
PR TR a3, N 63.73% % LE R AR 2 30.20%.
FER R 5B A AR AL, B R F  E
= T AR TE AL, f2 3 T B A Boudouard
KN, K JH#E CO I A it CO, AT HPY, 45 55
TR N E] 5% LR, CO, &8 i PRl eV
T CaCl, 78 4 fif it #2 2 B CaO 5 CO, 2 i
JE B CaCO,', i H, & & M 5.67% K 42 7+ =
32.49%, EEUR T 55 5 T 1Y 9 Lewis FR P, 3 80 &F
Y 22 01 2 i 25 v (b e DRI 24 LA R R T 2R
WA, R /N TR SR s A i L5 ek
H,™, Wang 86U o 5% & 30, 85 8 7 0] H 42
1Ak A= W I 4y fi A= i H, UL B 42 3 Boudouard 2
N, DA S 35 4 8 H, 7 38 DL S5 R SR, 5
TP AR Lewis P, X1 AE YIRS A5 152
M B A, T HAE X CO fF5 22 0 il A H, (1 1 25 42
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Table 4 Effect of the concentration of the potassium and calcium ions on the ultimate and proximate analyses of bio-char

Sample Ultimate analysis wy/% Proximate analysis wy/% Higher heatir}fl;

C H O* N S v FC A value/(MJ-kg )
CS-AW 80.55 2.89 6.92 1.31 0.10 23.81 67.96 8.23 29.85
CS-K-2% 71.23 2.30 8.14 0.74 0.13 16.70 65.84 17.46 24.95
CS-K-5% 59.24 1.90 4.88 0.64 0.38 14.23 52.81 32.96 21.09
CS-K-7% 54.12 1.73 2.06 0.63 0.40 12.26 46.69 41.06 20.08
CS-Ca-2% 73.39 2.89 7.07 0.88 0.86 23.30 61.79 14.91 26.67
CS-Ca-5% 59.97 3.60 8.41 0.52 0.71 20.06 53.14 26.80 22.59
CS-Ca-7% 53.10 4.34 7.73 0.45 0.75 13.92 52.45 33.64 20.90

*: by difference.
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Fig. 4 Effect of the concentration of the potassium and calcium ions on the properties of bio-gas and bio-oil derived from the
pyrolysis of corn stalk
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Fig. 5 Effect of pyrolysis temperature on the mass yields of bio-oil, bio-char and bio-gas derived from corn stalk pyrolysis
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Table 5 Ultimate and proximate analyses of corn stalk pyrolysis carbon at different temperatures

Ultimate analysis wy/%

Proximate analysis w,/%

Sample S = o N S ; - y O/ (MJI-kg )
400-7%K 5637 307 1233 058 032 27.83 44.83 27.34 21.19
500-7%K 5361 229 1638 047 026 19.27 53.73 26.99 20.26
600-7%K 5412 173 206 063 040 12.26 46.69 41.06 20.08
400-7%Ca 4793 720 1624 034  0.18 29.32 42.57 28.11 19.65
500-7%Ca 5125 571 829 032 054 2223 43.87 33.90 20.73
600-7%Ca  53.10 434 773 045 075 13.92 52.45 33.64 20.90

*: by difference.
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Fig. 6 Biogas and bio-oil components of corn stalk pyrolysis at different temperatures
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