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Abstract — The ash reduction effects and fuel property changes of spent mushroom substrates by acid solution extrac-
tion, and the production possibilities of wood pellet fuel using them were studied. The ash weight of spent Pleurotus
eryngii substrates was reduced from 8.81%(w/w) to 3.33%(w/w), and calorific value was increased from 3,958.3 kcal/kg
to 4219.2 kcal/kg when extracted with a mixture of Acetic acid 2%(w/w) and Anhydrous citric acid 1%(w/w) in con-
dition of liquid ratio 1:8, extraction temperature 55 °C and extraction time 180 min. The ash weight of spent Flam-
mulina velutipes substrates was reduced from 14.91%(w/w) to 4.07%(w/w), and calorific value was increased from
4,190.3 keal/kg to 4,219.2 kcal/kg when extracted with a mixture of Acetic acid 3%(w/w) and Anhydrous citric acid
1%(w/w) in condition of liquid ratio 1:8, extraction temperature 65 °C and extraction time 180 min. The ash weight of
spent Pleurotus osteratus substrates was reduced from 3.31%(w/w) to 0.59%(w/w), and the smallest reduction was in
calorific value from 4,558.6 kcal/kg to 4,216.2 kcal/kg when extracted with a mixture of Acetic acid 1%(w/w) and Anhydrous
citric acid 1%(w/w) in condition of liquid ratio 1:8, extraction temperature 65 °C and extraction time 180 min.
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Table 1. Proximate and analysis of raw spent mushroom substrates

Spent mushroom Moisture ~ Ash®  Lignin™* Holocellulose"™*

substrates

Pleurotus eryngii 533 8.81 39.91 63.27
Flammulina velutipes 57.8 14.91 3245 59.29
Pleurotus osteratus 66.3 331 2535 75.36

*Humidity Content 10%(w/w)
**Humidity Content 2%(w/w)

Table 2. Ultimate analysis of raw spent mushroom substrates
Item Ultimate analysis(wt%)

Calorific value
C H N S (keal/kg)

Spent mushroom

O}E‘r A Al ] SRR 2fel= Lot HEAlulA] o substrates
01 Q= R AER =N 7 WS H|SE=S 2Rl Ql= Ao 3E Pleurotus eryngii 4286 588 214 071 3958.3
olt}. 9=t} v WA oA A E]= }\H.é_o]’ Jgo]’ el H Flammulina velutipes 38.83 5.58 1.44 0.38 4190.3
Al FuiA = 3% ko] 10% W9 ® Eajabdo] e glar vyl Pleurotus osteratus 4523 616 077 N/D 4558.6
Table 3. Inorganic conntents of raw coal and spent mushroom substrate unit:ppm
Si Al Fe Ca K P Mn
Pleurotus eryngii 3,000 5,000 1,352 48,420 67,020 15,540 279
Flammulina velutipes 5,820 7,700 3,547 149,040 172,200 48,540 777
Pleurotus osteratus 908 2,900 172 4,903 57,460 17,110 181
Raw coal 24,300 12,300 3,383 437 464 86 13

slskast Hl48H HI3= 20108 6
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10.00
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7.00

Ash(%)
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CON 1 2 3 4 5
Acid concentration(%)
CON:control, AA:Acetic acid, CA:Anhydrous citric acid, HF:Hydrofluoric acid

Fig. 1. Ash changes of spent Pleurotus eryngii substrates by acid
solutions.
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Fig. 2. Ash changes of spent Flammulina velutipes substrates by
acid solutions.
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E2 o)tk Kim[11]ell 23k A 3~5%(wiw), T4k
1~3%(wiw)S 2718t fullell X pH 6.8~7.00] 2 o] shAEF 77
& §Zo] sk sigl o), i AqreliE AR 3%(wiw)
oo FETARS 2%(wiw) OOlA FE Z7l) whE £-9)
kst 250 RN ATIHE BREA] Fgkon Ajgo|mAl
(Pleurotus eryngii) HWIX| ¢} LsHA E4F Al o] 24}
At Agliro] slgtsel v anpEo)ie).

Fig. 32 “El2]HA (Pleurotus osteratus) HHIX] ] AH(acid) F5+
4 Fo] mhE Sl WekE RolFar otk 24t 1%(wiw) A
oA AT SRS 3.31% thH] 2.58%7}F 1443t 0.73%
7} gHrEle] Ao HAhgdE Bolot A Aelid Faeataat

4.00

3.50
3.00

Ash(%)

CON 1 2 3 4 5
Acid concentration(%)
CON:control, AA:Acetic acid, CA:Anhydrous citric acid, HF:Hydrofluoric acid
Fig. 3. Ash changes of spent Pleurotus osteratus substrates by acid
solutions.
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Ash(%)
(6]
(6]
o

4.00

CON A2C1 A2C2 A2C3 A2C4 A2C5 A2C6

Acid concentration(%)

CON:Acetic acid 2%

A2C1:Acetic acid 2%+Anhydrous citric acid 1%, A2C2:Acetic acid 2%+Anhydrous citric acid 2%
A2C3:Acetic acid 2%+Anhydrous citric acid 3%, A2C4:Acetic acid 2%+Anhydrous citric acid 4%
A2C5:Acetic acid 2%+Anhydrous citric acid 5%, A2C6:Acetic acid 2%+Anhydrous citric acid 6%

Fig. 4. Ash changes of spent Pleurotus eryngii substrates by acetic

acid and anhydrous citric acid solutions.
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Table 4. Inorganic content changes of spent Pleurotus eryngii substrates unit:ppm
Si Al Fe Ca K P Mn
CON 3,000 5,000 1,352 48,420 67,020 15,540 279
A2C1 3,980 5,900 993 39,113 28,540 9,270 116
A2C2 3,170 4,100 847 35,335 24,890 7,980 109
A2C3 3,160 5,700 912 33,073 22,350 7,790 93
A2C4 3,350 6,200 939 34,389 25,490 8,620 106
A2CS 3,150 8,900 818 32,235 23,340 8,110 88
A2C6 3,200 5,600 883 31,868 23,600 7,710 86

CON:Raw spent Pleurotus eryngii substrates

A2C1:Acetic acid 2%+Anhydrous citric acid 1%, A2C2:Acetic acid 2%+Anhydrous citric acid 2%
A2C3:Acetic acid 2%+Anhydrous citric acid 3%, A2C4:Acetic acid 2%+Anhydrous citric acid 4%
A2C5:Acetic acid 2%+Anhydrous citric acid 5%, A2C6:Acetic acid 2%+Anhydrous citric acid 6%

10.00 1.60
900 | 1.40
1.20
8.00 | _
5 ® 1.00
= L =
E 700 2 080 ./_\-/'\_\-\-
6.00 0.60
500 | 0.40
0.20
4.00

CON A3C1 A3C2 A3C3 A3C4 A3C5 A3C6

Acid concentration(%)

CON:Acetic acid 3%

A3C1:Acetic acid 3%+Anhydrous citric acid 1%, A3C2:Acetic acid 3%+Anhydrous citric acid 2%
ABC3:Acetic acid 3%+Anhydrous citric acid 3%, A3C4:Acetic acid 3%+Anhydrous citric acid 4%
ABC5:Acetic acid 3%+Anhydrous citric acid 5%, A3C6:Acetic acid 3%+Anhydrous citric acid 6%

Fig. 5. Ash changes of spent Flammulina velutipes substrates by
acetic acid and anhydrous citric acid solutions.

CON AIC1 A1C2 AIC3 AlIC4

Acid concentration(%)

A1C5 AIC6

CON:Acetic acid 1%

A1C1:Acetic acid 1%+Anhydrous citric acid 1%, A1C2:Acetic acid 1%+Anhydrous citric acid 2%
A1C3:Acetic acid 1%+Anhydrous citric acid 3%, A1C4:Acetic acid 1%+Anhydrous citric acid 4%
A1C5:Acetic acid 1%+Anhydrous citric acid 5%, A1C6:Acetic acid 1%+Anhydrous citric acid 6%

Fig. 6. Ash changes of spent Pleurotus osteratus substrates by ace-

tic acid and anhydrous citric acid solutions.
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Table 5. Inorganic content changes of spent Flammulina velutipes substrates unit:ppm
Si Al Fe Ca K P Mn
CON 5,820 7,700 3,547 149,040 172,200 48,540 777
A3C1 7,720 7,400 1,917 48,600 52,520 18,960 170
A3C2 7,780 7,500 2,051 52,990 59,300 21,450 209
A3C3 6,760 6,100 1,876 44,840 50,970 19,080 175
A3C4 6,630 7,900 1,746 43,150 50,800 18,830 181
A3C5 6,270 9,200 1,584 43,050 52,300 19,170 172
A3C6 6,080 8,400 1,613 39,850 47,990 18,170 162

CON:Raw spent Flammulina velutipes substrates

A3Cl:Acetic acid 3%+Anhydrous citric acid 1%, A3C2:Acetic acid 3%+Anhydrous citric acid 2%
A3C3:Acetic acid 3%+Anhydrous citric acid 3%, A3C4:Acetic acid 3%+Anhydrous citric acid 4%
A3C5:Acetic acid 3%+Anhydrous citric acid 5%, A3C6:Acetic acid 3%+Anhydrous citric acid 6%
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Table 6. Inorganic content changes of spent Pleurotus osteratus substrates unit:ppm
Si Al Fe Ca K P Mn
CON 908 2,900 172 4,903 57,460 17,110 181
AlCl 606 5,750 69 1,867 11,830 4,800 43
AlC2 457 3,800 69 1,668 9,770 5,160 33
Al1C3 809 4,800 80 1,894 12,950 5,930 41
AlC4 428 3,090 69 1,328 9,220 4,700 27
Al1C5 590 3,280 69 1,381 9,830 4,770 30
Al1C6 611 3,630 71 1,323 7,780 4,220 24
CON:Raw spent Pleurotus osteratus substrates
A1C1:Acetic acid 1%+Anhydrous citric acid 1%, A1C2:Acetic acid 1%+Anhydrous citric acid 2%
A1C3:Acetic acid 1%+Anhydrous citric acid 3%, A1C4:Acetic acid 1%+Anhydrous citric acid 4%
A1CS5:Acetic acid 1%+Anhydrous citric acid 5%, A1C6:Acetic acid 1%+Anhydrous citric acid 6%
alal Tt Ak 1~6%((wiwyHA A7FES w) =Ele Al 5 6.00
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Liquid Ratio
Acid solution concentration:Acetic acid 2%+ Anhydrous citric acid 1%
Reaction temperature:25°C, Reaction time:24HR
Fig. 7. Ash changes of spent Pleurotus eryngii substrates by liquid
ratio.
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Fig. 8. Ash changes of spent Flammulina velutipes substrates by
liquid ratio.
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Acid solution concentration:Acetic acid 1%+ Anhydrous citric acid 1%
Reaction temperature:25°C, Reaction time:24HR

Fig. 9. Ash changes of spent Pleurotus osteratus substrates by lig-
uid ratio.
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Acid solution concentration:Acetic acid 2%+ Anhydrous citric acid 1%
Liquid ratio:Spent mushroom substrates:Acid solution=1:8 (w/w)
Fig. 10. Ash changes of spent Pleurotus eryngii substrates by extrac-
tion temperature and time.
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Fig. 11. Ash changes of spent Flammulina velutipes substrates by
extraction temperature and time.
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Fig. 12. Ash changes of spent Pleurotus osteratus substrates by
extraction temperature and time.
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Table 7. Ultimate analysis of spent Pleurotus eryngii substrates by
acid sloution extraction
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Table 8. Ultimate analysis of spent Flammulina velutipes substrates
by acid solution extraction

Item Ultimate analysis(wt%) Calorific Item Ultimate analysis(wt%) Calorific
Concentration C H N S value (kcal/kg) Concentration C H N S value (kcal/kg)
CON 42.86 5.88 2.14 0.71 3958.3 CON 38.83 5.58 1.44 0.38 4190.3
A2C1 42.83 5.78 1.74 0.40 4219.2 A3C1 45.08 6.13 1.39 0.23 4627.9
A2C2 43.61 5.72 1.60 0.33 4053.5 A3C2 44.58 6.05 1.34 0.24 4490.9
A2C3 42.40 5.53 1.65 0.33 4038.2 A3C3 44.01 5.87 1.33 0.22 44472
A2C4 42.28 5.59 1.67 0.33 3998.2 A3C4 44.05 5.93 1.22 0.21 4377.6
A2C5 42.21 5.44 1.60 0.31 39154 A3C5 43.60 5.79 1.22 0.22 4332.0
A2C6 41.76 5.45 1.55 0.31 3898.9 A3C6 43.27 5.80 1.21 0.22 4257.1

CON:Raw spent Pleurotus eryngii substrates.

A2C1:Acetic acid 2%+Anhydrous citric acid 1%, A2C2:Acetic acid 2%+
Anhydrous citric acid 2%.

A2C3:Acetic acid 2%+Anhydrous citric acid 3%, A2C4:Acetic acid 2%
+Anhydrous citric acid 4%.

A2C5:Acetic acid 2%+Anhydrous citric acid 5%, A2C6:Acetic acid 2%+
Anhydrous citric acid 6%.
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CON:Raw spent Flammulina velutipes substrates

A3Cl1:Acetic acid 3%+Anhydrous citric acid 1%, A3C2:Acetic acid 3%+
Anhydrous citric acid 2%

A3C3:Acetic acid 3%+Anhydrous citric acid 3%, A3C4:Acetic acid 3%+
Anhydrous citric acid 4%

A3C5:Acetic acid 3%+Anhydrous citric acid 5%, A3C6:Acetic acid 3%+
Anhydrous citric acid 6%
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Table 9. Ultimate analysis of spent Pleurotus osteratus substrates by
acid solution extraction

Item Ultimate analysis(wt%) Calorific
Concentration C H N S value (kcal/kg)
CON 4523 6.16 0.77 N/D 4558.6
AlC1 46.13 5.83 0.50 N/D 4216.2
Al1C2 46.32 5.94 0.44 N/D 4240.7
A1C3 45.75 6.00 0.48 N/D 4054.8
Al1C4 4597 5.92 0.47 N/D 4204.4
A1C5 44.90 5.60 0.49 N/D 4012.3
A1C6 45.12 5.79 0.41 N/D 4215.4

CON:Raw spent Pleurotus osteratus substrates

A1Cl:Acetic acid 1%+Anhydrous citric acid 1%, A1C2:Acetic acid 1%+
Anhydrous citric acid 2%

A1C3:Acetic acid 1%+Anhydrous citric acid 3%, A1C4:Acetic acid 1%+
Anhydrous citric acid 4%

A1C5:Acetic acid 1%+Anhydrous citric acid 5%, A1C6:Acetic acid 1%+
Anhydrous citric acid 6%
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