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Experiment Study of Biomass Ash Sintering and Melting
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Abstract; Release and reactions of elements in biomass ash of rice straw, corn cob, palm kernel shell
and wheat straw enzymatic hydrolysis residue were investigated by experiments of biomass ash sintering
and melting. The ash was considered to be sintering as the Mohs’ scale of hardness was up to 3, which
would block the burner or gasifier. The ash in this paper was prepared at 600°C , and put into the tubular
furnace of 700 ~1 200°C in order to evaluate the temperature of sintering and melting. The ash was put
into the tubular furnace at the sintering temperature for 5 ~ 30 min, which showed the process of
sintering. According to the analysis of ash by XRF and XRD, volatilization of KCI became obvious after
800°C. Parts of K and Na stayed in the ash, forming alkali feldspars in the reactions with SiO, and
AL O,. Volatilization of alkali metals would cause an increase of melting temperature in TG — DSC and
fusion test, which is different from the character of coal ash. The method of evaluating the coal ash
sintering temperature is unreliable for the ash of biomass. Different elements in the ash have different
characteristics of melting and reactions, which decides the sintering temperature. The sintering
temperature decreases with more Al, Ca, K, Na, S or less Mg, Fe, P, while the influence of Si is weak.
As the main composition of biomass ash is SiO,, the sintering temperature can be estimated to be 0.9
times of sintering temperature. Using the data of four kinds of biomass ash in the experiment, the linear
regression fits for the sintering temperature against the mass percentage of ash components was obtained
with R* of 0. 967 and error of 25. 6°C_ for the sintering temperature range of 950 ~ 1 200°C .
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Tab.1 Ultimate analysis and ash compositions of biomass ( dry) %
ER7)in TG E ST (B4 40 TRy (oA 53 %)

R C H o N S KAy AL Oy Ca0 Cl Fe,0, K,O MgO Na, 0 P, 0y S0, Si0,
TEFT 40.38 5.77 45.76 0.38 0.10 7.61 0.07 0. 69 0.11 0.03 1.79 0.89 0.35 0.33 0.36 2.97
EoKS 44.56 5.96 45.70 0.76 KAH  3.05 0.08 0.27 0.08 0. 06 1. 84 0.26 AKH £#&H 0.05 0.41
RS 46.41  5.47 40.72 0.04 0.46 6.90 0.62 1. 84 0.00 0.32 0.46 0. 84 0.26 0.26 0.09 2.13
5k i 41.24 5.82 25.07 2.73 RKH 25.14 2.50 2.48 0.27 1. 06 2.18 4.05 0.63 1.53 0.53 8. 44
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Fig.1 Pictures and hardness of ash heated at 600 ~1200°C
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Tab.2 Mass percentage of elements of ash heated at 600 ~1 100°C %
VEES WL/ C AL O, Ca0 Cl Fe, 0,4 K,0 MgO Na, O P, 0y S0, Si0, H4 it
600 3.02 6. 80 0.58 1.57 7.94 6.20 5.14 2. 41 .23 62.98  2.13 100
700 3.54 6.55 0.28 1. 67 7.89 5.53 5.67 2.17 1.26  57.94  2.39  94.89
" 800 4.03 6.94 0.10 1. 80 6. 94 5.56 7.13 2.13 1.40  56.23  2.91 95. 17
FEAT K
900 3.62 7.06 0.03 2.02 6. 85 5.43 5.08 2.25 1.34  58.01 4.16  95.87
1 000 3.42 7.12 0.03 1.84 6.32 4.75 4.50 2.30 0.17  59.54  3.34  93.33
1 100 3.96 6.43 0.03 1.92 5.92 5.06 4.81 2.27 0.14  60.79  2.93  94.27
600 5.34 9.77 2. 69 1.71  40.16  10.54  2.04 4.58 2.64  19.51 3.06 100
700 4.33 5.26 1.90 .44 39.67 10.26 1.47 4.62 1.83  20.59 .00 90.91
800 3.60 6. 19 1.75 1.73  37.01  7.37 3.60 1.63 16. 27 1.14  80.30
900 3.54 6.20 1. 64 1.49  31.16  4.63 1. 80 3.52 1.88 16.55  2.99  73.61
1 000 4.70 6.09 0.73 2.33  28.32  5.36 1. 66 2.35 0.90  20.49  2.97  74.25
600 10.81  24.42  0.06 5.82 3.79 8.16 3.06 1.68  40.77 1.43 100
700 10.30  22.74  0.10 5.19 3. 14 8.95 1.18 2.99 1.71 40. 07 1.13 97.5
800 10.67  24.57  0.09 5.73 2.98 9.25 3.15 1.95  41.96 1.37  97.81
i 7 K
rEe 900 9.89  23.44  0.04 5.55 2.74 8.28 3.23 1.35  40.18 1.25  95.95
1000 9.26  22.21 0.03 5.25 2.38 8.01 1.26 3.25 0.99  38.39 .12 92,17
1 100 11.55  19.44  0.08 8.47 6. 41 5.61 2.38 1. 67 0.64  38.78 1.58  96.60
600 9.96 9.85 1.06 4.21 8.67 16.12  2.49 6.08 2.11  33.58  5.88 100
700 10.90  10.59  0.10 4.65 8. 81 16.54  2.96 6.34 2.41  35.76  0.96 100
! 800 9.86  13.22 1.09 5.70 13.05 17.46  3.76 5.11 1.76  27.88 1. 11 100
R 1 K
900 9.45 12.94 1. 54 5.68 13.80  17.02  2.79 4.91 1.82  27.45 1.15  98.55
1 000 9.88 9.77 1.05 4.18 8.60 1599  2.47 6.03 2.09  33.31  5.84  99.21
1100 11.05  10.25  0.03 5.77 7.15 12.16  3.26 5.66 0.06  33.06 1.32  89.77
TE:PL600°C 1y 4 g A Ry SEEST 3 .
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K 2 600 ~1 100°C JK ¥ ) XRD % &
Fig.2 XRD of ash heated at 600 ~1 100°C
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Tkt K 3 B 4y o8 KCLL K, SO, |, Si0, , 900°C
B KC1 U i 32 BH o 3ol 55 , 3 7 5% Ak oy KALSIO,

FEAR 7 K o EZE YA A CaCo, | Si0, (K, SO, |
CaSO, %5, 5 & A Tk 45 R £ 1 NaAlSi, Oy | Ca, AL, SiO,

4 HiH 600 ~800°C & 4 CaCO, +Si0,— CaSiO, +
CO, S5 Ak 2F OB, J5 filf A0 e AL REJR A1 o 900°C L |
Tt BRI 7 A0 S 0 W R T A 5 A
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Tab.3 Reactions of biomass ash at high temperature SRR B ), 57 B #y— NI R, B 7,7(
TR S ST 5 1000C a4 5 min J5 & A W 48, 98 B2 A7) 3G,
2510, + A0y +2KCL+ K 0= 15 min J5HE AR L . E KKK 900°C F N #A4% %
K-si- Al £:07 4L 0, 2300, + HEL 1020 min B 5 B 5 th BLFL I, 30 min J5 ) 5 4 4,
PR ARG B0 N ) Bl sk . AR 1 0S0°C T BN A I 4] 5 25 B
H, 0>2KAISi, 05 +2HCI
$i0, +2CaC0,—Ca, Si0, +2C0, [4] 47,15 min J R THE AR P R € BOE AR P
Ca=si $i0, + CaCO, —CaSi0, +CO, (4] BRI K1 150°CTF A 5 min 28 LA K510 min J5 B
T 2CaSi, +50,—2CaSi0, +28i0, [15] ok pegh ,ﬁf“ﬂ’rjt ;15 min J5 58 2 Be4s
2CaSi0, + MgO—Ca, MgSi, 0, [15] 2.2.2  BESSIREETR InFAET R XK i 0 FR B A3 5 e
Cani0s + AL, 72500, [1s] r#aﬁém/\m NEBR 4 R R4S R 8
Ca=sizal G I BB T8 6 2 9 B LML A % 4
CaALSL O + 510 [15] B o F AR B R E FEAIG, KL Cl o R Ko
— VER UMD IT 2 A kD . REFE B 7 S ko
2.2 REBE T M EXLEESENZEMm Si Al Fe J0 & Jii & 2 b A K K Cl o & i &2 PRI,
2.2.1 KB 25 T8 A B Bt a] i 22 1k PLKCHJE A% % s Na ST R B ALAR /N, AT RE 2R A0 1 M

PAE B2 A #3) Be gk L R A e, PR AR EY;Ca PSS TTHR & & 78 4
B3 St ) A5 (L R B T3 FhORAE RGBS s b AR, 15 min J5 A FTREAR, 0T BE R TE R — 24k A5, 4 XRF
E%MLﬂFﬁaﬁNZONmmﬁ%%EML Mﬁ%%%m$ﬁ“o

(a) FFFK,1 000°C (b) Eﬂ%*“ 7X,900°C (c) $RIFFIR,1 050°C (d) FREIR,1 150°C
B3 BREEIREE TR A AR K RT3 AR AL

Fig.3  Ash heated at sintering temperature
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Tab.4 Percentage of elements of ash heated at sintering temperature %

KRZE R E]/min ALO,  CaO cl Fe,0,  K,0 Mg0  Na,0  P,0q S0, Sio, H4x Bt

0 3.02 6. 80 0.58 1.57 7.94 6.20 5.14 2.41 1.23 62.98 2.13 100

A K 5 3.50 6.63 0.51 1. 66 8.01 5.92 5.83 2.18 1.22 60. 64 2.48 98.58
1000°C 10 3.91 7.20 0.18 2.09 7.43 5.01 5.81 2.36 1.43 56. 86 2.77 95. 04
15 3.89 7.03 0. 05 2.11 6.62 4.28 5.84 2.36 0.54 58.29 2.84 93.85

0 2.45 5.81 4.27 1.90 60. 30 6. 47 4.10 0.83 12. 84 1.03 100

ERAIK 10 2.22 6.15 2.18 1.72 42.83 6.34 4.39 1.36 12.02 0.83 80. 04
900°C 20 2.25 5.25 2.11 1.41 38. 82 5.96 4.17 1. 14 13.3 0.79 75.2
30 2.63 3. 60 2.12 1.19 34.17 6.43 4.77 1.01 15.21 0.52 71. 65

0 10. 81 24.42 0. 06 5.82 3.79 8. 16 3.06 1.68 40. 77 1.43 100

KR 52 IR 5 9.11 22.71 0.05 5.37 2.57 7.61 2.85 3.11 1.53 39. 84 1.20 95.96
1050°C 10 8.76 24. 84 0. 06 5.20 2.39 7.69 2.22 3.20 1.33 38. 84 1.03 95.55
15 11.62 13. 60 0. 04 7.31 4.04 4.48 3.32 1.98 0.71 44.43 1. 16 92.69
0 9.96 9.85 1. 06 4.21 8.67 16. 12 2.49 6. 08 2.11 33.58 5.88 100. 00

R K 5 10. 17 11.36 0.81 6.91 9.34 13.00 2.38 6.38 2. 66 33.31 1.32 97. 64
1150C 10 10. 06 10. 86 0. 41 6.30 7.30 12.23 2.01 6.18 1. 47 32.86 1.26 90. 92
15 10. 56 7.92 0.16 6.40 6.55 7. 60 2.46 3.43 1.01 41.59 1.50 89.17

H:LL600°C 1Y 4 g JRFE Ry BEHEYT 5T
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2.2.3 A A A XRD 45 AH 22 A0 52
K4 Sy 3 FlORFEBE AR )22 AL i) XRD 3% 8]
FEFT JKAE 1 000°C T S min G B 484k ,5 ~ 10 min

07 A0 B MR T, TR R A B AR AR 5T
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1-810,(quarz)(26=26.4°) 2-K,80,
2-8i0(cristobalite)(26=21.8°) 3-KAISIO,

1050°CF 5 min R} AR f7 354 | [Al if A A2 5 Ca A
F M) — R BN BB, A2 B CaSO, Wy Jit . 5% i i #A o
£ XRD AR, EEEH T 1150C 2 k7
TR 1 A ) 8 R L R T A AR R A

1-CaCO 4(26=29.4°)
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Fig.4 XRD of ash heated at sintering temperature
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Tab.5 Ash sintering temperature and predictive parameters of melting
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Tab.6 Fitting of sintering and melting temperatures
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