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Experiment Study of Biomass Ash Sintering and Melting

Lai Xirui' >  Zhou Zhaoqiu' Liu Huacai' Huang Yangin' Yin Xiuli' Wu Chuangzhi'
( 1. Guangzhou Institute of Energy Conversion Chinese Academy of Sciences Guangzhou 510640 China
2. University of Chinese Academy of Sciences Beijing 100049  China)

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 KCl 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 Sorless 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 ~1200°C..
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Tab.1 Ultimate analysis and ash compositions of biomass ( dry) %
( ) ( )
c H o N S ALO, CaO0 €l Fe,0; K,0 Mg0 Na,O P05 SO,  SiO,
40.38 5.77 45.76 0.38 0.10 7.61 0.07 0.69 0.11 0.03 .79 0.8 0.35 0.33 0.36 2.97
44.56 5.96 45.70 0.76 3.05 0.08 0.27 0.08 0.06 1.84 0.26 0.05 0.41
46.41 5.47 40.72 0.04 0.46 6.90 0.62 1.84 0.00 0.32 0.46 0.8 0.26 0.26 0.09 2.13
41.24 5.82 25.07 2.73 25.14 2.50 2.48 0.27 1.06 2.18 4.05 0.63 1.53  0.53 8.44
* 0
1.2 (4) TGDSC o
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o 1.3
(2) 4g ( )
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Fig.1 Pictures and hardness of ash heated at 600 ~1200°C
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2 600 ~1100°C
Tab.2 Mass percentage of elements of ash heated at 600 ~1 100°C %
/C ALO,  Ca0 al Fe,0,  K,0 MO  Na,0 P05 S0, Si0,
600 3.02 6. 80 0.58 1.57 7.94 6. 20 5.14 2.41 1.23 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
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
1100 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 1.44 39. 67 10. 26 1.47 4.62 1.83 20. 59 1.00 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
900 9.89 23.44 0.04 5.55 2.74 8.28 3.23 1.35 40. 18 1.25 95.95
1 000 9.26 22.21 0.03 5.25 2.38 8.01 1.26 3.25 0.99 38. 39 1.12 92. 17
1100 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
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 15.99 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
600C 4¢g .
1-S8i0, (quarz)(26=26 4°) 1-KCl1(26=28.4°,40.6°) 1-Ca(C O, )(26=29.4°) 1-S8i0, (quarz)(26=26 4°)
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3 5.10.15 min.
Tab.3 Reactions of biomass ash at high temperature .
1 000°C 5 min
28i0, +Al, 05 +2KCl + H,0— 414 15 min . 900°C
K-Si-Al K, 0+Al, 0, <2510, + HCl 10-20 min 30 min
2KCl + AL, 0, +2Si0, +4Si0, +
15 o 1 050°C
H, 0—2KAISi; 04 +2HCI )
. $i0, +2CaC0,—Ca,Si0, +2C0, 15 min °
Ca-si Si0, + CaC0,—CaSi0; + CO, 4 1 150°C 5 min ; 10 min
' 2CaSi, +50,—2CaSi0; +2Si0, 15 ; 15 min o
Ca-Si-Mg 2CaSi0; + MgO—Ca, MgSi, O, 15 2.2.2
CaSi0; + Al, 0, +25i0,—
CaSiAl CaAl,SiOg +2Si0, 1 4
CaSi0; + Al, 0, *25i0,—
CaAl, Si, Og + SiO, 1 ° K.Cl
2.2 Si.Al.Fe ; KLCl
2.2.1 KCl1 ; Na
: CaP.S
3 15 min XRF
3b 10.20.30 min "
o v emmER
(a) FBFFK,1 000°C (b) FAHKEIK,900°C () BRHEZEIX,1 050°C (d) BRIEIR,1 150°C
3
Fig.3  Ash heated at sintering temperature
4
Tab.4 Percentage of elements of ash heated at sintering temperature %
/min ALO,  CaO C Fe,0,  K,0  MgO  Na,O P05 SO, Si0,
0 3.02 6. 80 0.58 1.57 7.94 6.20 5.14 2.41 1.23 62.98 2.13 100
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 2.7 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
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
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
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

600C 4g .
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Fig.4 XRD of ash heated at sintering temperature
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5
Tab.5 Ash sintering temperature and predictive parameters of melting
/C
DT ST HT FT Ry, G
1070 1140 1203 1290 1000 0.43 20. 83 0. 81 0.23
980 990 1020 1090 825 2.58 3.65 0.47 0.18
1140 1170 1220 1260 1050 0.99 3.77 0.51 0.24
1160 1200 1220 1280 1150 1.16 3.80 0.53 0.43
( 1) 19
2 Tammann T,
Tﬂl
. : ( Fe, 0,4+ T ~(0.8~0.9) T, 5
Ca0.Mg0.K,0  Na,0) ( Si0, . TiO, T 0.9 ST.
ALO,) . 2.3.2 -
R - Wreyo, ¥ Weao T Wygo T Wiyo + Wiyo
v W0, + Wrio + Wyy,0, Si0, > Si0,
Wi,  Fe,0, . 1750°C (1150 =20) °C
R,, K.Na. Ca
R,, 0.75 1 000°C o
R,, . o (0lnw/9InT) , =
( 2) 1 A]{m/( RTQ) o L
Si0, Al 0, Wsio, ! dlnaw,; /0T, =k, k,
W l,05 © K,0 Wi i °
AT = kw,
o Al O, °
. AL O, T=T,+Y AT, =T, + Y kuw, T,
Si0, ° o o
Al\ Ca\
o : 1. 87 Fe.K.Mg.Na.P.S.Si, Cl
; 1.87 ~2.65 ;
2. 65 o °
( 3) 20
G
C= Wsio, °
Wsi0, T Wrey0, T Weao T Wygo 2. 4 5
G>0.65.R,, <0.5 ; 6,
G <0.65.R,,, >0.5 o
(4) 2 T, =1 104.21 - 4. 96wA1203 - 5. 74wq,, +
erzO}/wcﬂo 0.3 22. 2614;“203 - 7. OszZO + 9. 42wMg0 - 5. 40wNa20 +
0.3~3.0 3.0 2. 0lwy, o, —2. 84wg,, —0. 96wy,

950 ~1200°C R* 0.967 25.6C.
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o N Al.Ca.K.Na.S
T..DT.ST N ; Mg.Fe.P :
HT.FT Si Si
o T,.DT.ST 0 o Al.Ca.Si
Si0, Sio,
o o
T. R 0.967
o 25.6%C 950 ~
( K,0+AlL 0, +6Si0,) 1200°C o
(1150 £20) C T, ( ) ST
Si0, T, 0.9 ST
6
Tab.6 Fitting of sintering and melting temperatures
T, DT ST HT FT
T,/C 825 ~1 150 1104. 21 1117.15 1188. 41 1231.58 1318.75
Al, 05 2.7~15.1 -4.96 -1.89 —-6.35 -9.52 -11.55
CaO 4.9~31.3 -5.74 -1.16 -2.16 -0.86 -2.18
Fe, 0, 1.6 ~9.5 22.26 12.22 15. 06 15. 07 14.77
K,0 2.8~53.5 -7.02 -3.72 -4.83 -4.94 -5.02
MgO 5.1~17.5 9.42 4.18 5.23 4.30 4.75
Na, O 1.2~7.5 -5.40 -3.37 -2.72 -1.70 -0.83
P, 05 1.7~8.6 2.01 1. 50 0. 69 -0.07 -0.79
S0, 0.1~2.7 ~2.84 ~1.66 ~2.52 -3.09 -3.19
Si0, 15.0~64.5 -0.96 -0.55 -0.24 0.16 0.36
/C 25.60 11. 08 13.19 11. 65 11. 84
R 0.967 0.983 0. 981 0.987 0.985
95.0% 914.14 ~1294.28  1034.89 ~1199.41 1090.45~1286.36 1145.08 ~1318.07 1230.84 ~1406.66
3 i S1 |
o Sio,
(1) N N N T, 0.9 ST o
(3) N N N
T =1104.21 - 4. 96wA1203 -5.T4we,o + KCl1
22. 2614;“203 = 1.02wy,o + 9.42wy,, — 5.40wy,,, + 800°C K. Na
2. 0lwp,, —2. 84wy,, —0. 96wy, Si0,+AL O, o
950 ~1200°C R* 0.967 25.6C . (4)
(2) :
o Al.Ca.K. °
Na.S ; Mg Fe.P
1 . J. 2010 55(8): 728 -732.
ZHAO Y C ZHANGJY SHAO X Y et al. A new method for ash melting thermo-analysis based on mineral quantity J .
Chinese Science Bulletin 2010 55(8): 728 —732. ( in Chinese)
2 . J . 1990 4(4): 36 -37.
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