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Table 1 Chemical analysis of applied five kinds of biomass fuels
Straw Bark (spruce) Wood chips Waste wood Olive residue

Moisture (%, ®) H,0 4.30 2.40 2.40 2.30 2.70
C 43.80 49.80 48.90 48.30 48.20

Ultimate H 5.80 5.80 6.20 6.10 5.90

analysis (%, ®) N 0.70 0.40 0.10 1.00 1.50
[0) 40.80 39.19 4431 42.95 36.26
Si 4.1399 0.7641 0.0787 0.1982 0.7392
Al 0.0211 0.1200 0.0164 0.0515 0.1865
Fe 0.0262 0.0742 0.0114 0.0415 0.1570
Ti 0.0015 0.0082 0.0010 0.1041 0.0103
Mn 0.0023 0.0920 0.0312 0.0146 0.0043
Ash-forming Ca 0.6564 2.9025 0.2306 0.6289 1.5906
. Mg 0.0803 0.1552 0.0324 0.0839 0.3886

element analysis

%, o) P 0.1139 0.0756 0.0129 0.0074 0.2573
Na 0.0276 0.0267 0.0064 0.0675 0.0435
Pb 0.0001 0.0002 0.0001 0.0041 0.0003
Zn 0.0013 0.0173 0.0015 0.0174 0.0027
K 2.6892 0.4956 0.0682 0.1748 4.0585
S 0.2618 0.0683 0.0094 0.0728 0.2677
Cl 0.7784 0.0195 0.0168 0.1334 0.2936
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Table 2 All gaseous and solid species chosen in FACTsage calculations for five kinds of biomass fuels

207
gaseous
species

H,, C, C,, Cs, CHs, CoH,, CoHa, CHs, No, NHy, NHs, NoHy, CN, CoN, CNN, CNN(g,), (CN),, C4N,, HCN, CH;3;NH,, CH3NC, CH;sN,
(CH;),NH, CH;N,H;, (CH;3),N,H,, (CH;),N,Ha(g,), 02, OH, H,0O, CO, C,0, CO,, HCO, H,CO, CH,CO, C,H;0, CH;CH,OH, NO, N0,
NO,, N,03;, N,O4, HNO, N,HsOH, HONO, HONO,, NCO, HNCO, CH3;NO,, CH3NO;, CH;CH,ONO,, Na, Na,, NaH, NaCN, (NaCN),, NaO,
NaOH, (NaOH),, Mg, Mg,, MgH, MgN, MgO, MgOH, Mg(OH),, AlO,, AL,O, (AlO),, AIOH, AIOH(g,), OAIOH, Si, Si,, SizN, SiO, P, Py, P4,
PH, PH,, PH;, CP, CHP, PN, PO, PO,, (P,03),, (P20s),, HS, H,S, H,S,, CS, CS,, CH3SH, C,H4S, (CH;),S, (CH;),S(g2), CH3SCH;, NS,
HCNS, CH;NCS, SO, SO,, SO;, COS, C,H40S, Na S04, MgS, AlS, ALS, ALS,, PS, P4S;, Cl, Cl,, HCI, ClO, ClO,, C1,0, HOCI, COCl,
COCl,, CH;COCI, (CH;),OHCI, ONCI, NO,Cl, NaCl, (NaCl),, MgCl, MgCl,, (MgCl,),, AICI, AICl,, AICl;, ALL,Cls, OAICI, NaAICly, PCI,
PCls, PCls, OPCls, SCI, S,CISCl,, CISSCI, SOCl,, SO,Cl,, SPCI;, K, K,, KH, KCN, (KCN),, KO, KOH, (KOH),, K,SO4, KCI, (KCl),,
KAICly, Ca, Ca,, CaH, CaO, CaOH, Ca(OH),, CaS, CaCl, CaCl,, Ti, TiO, TiS, TiCl, TiCl,, TiCl;, TiCly, Ti,Cls, OTiCl, TiOCl,, Mn, MnS,
MnCl,, Fe, FeO, Fe(OH),, Fe(CO)s, FeS, FeCl, FeCl,, FeCls, (FeCl,),, (FeCls),, NaFeCls, AlCIgFe, FeAl,Clg, Zn, Zn(g), ZnCl,, Pb, Pb,, PbH,
PbO, PbS, PbCl, PbCl,, PbCly

467
solid

species

C, C(Sz), HzO, NH4NO3, NH4HCO3, Na, NaH, NaCN, NaOz, NaZO, Nazo(Sz), N320(53), Nazoz, NaQOQ(Sz), NaOH, NaOH(Sz), N32C03,
NayCOs(sz), Na,COs(s3), NaHCO;, Na,CO3(H20)19, NaNO,, NaNOs(sz), NaNOs;, NaNOs(s;), Na,OHNOs, Nasz(OH),(NOs), Mg, MgO,
Mg(OH)z, MgCO;, Al, A1203, Ale;(Sz), A1203(S3), A1203(S4), Al(OH)g, NaAlOz, NaAlOz(Sz), NaA19014, NazAllzolg, AlCHzNaO5, MgA1204,
Si, Si3N4, SiOQ, SiOz(Sz), Si02(53), Si02(54), Si02(55), (Nazo)(SIOz), (Nazo)z(SiOQ), (NaZO)(SiOZ)z, (Nazo)(SiOQ)z(Sz), (Nazo)(si02)2(53),
NaGSizOl Na6si3019, MgSIO3, MgSiO;(sz), MgSiO;(s;), MgSiO;(S4), MgZSiO4, Mgzsi04(52), Mg3Si205(OH)4, Alein, Alein(Sz),
ALSiOs(s3), (ALO3)(Si02), AlgSix013, ALSi;010(OH),, NaAlSiO,, NaAlSiOu(s), NaAlSiOu(ss), NaAlSiOu(ss), NaAlSiOg, NaAlSi;Os,
NaAlSi30g(Sz), NaAl;Si;Olez, Mg3Alei30|z, Mngl4Si5018, MgsAleigO]o(OH)g, NazMg3Alei8022(OH)2, P, P(Sz), P(S;), P(S4), P3N5,
(P20s),, H3PO4, (NH4)H,PO4, Na3z(POs), MgsPy, MgsP,0s, AIP, AIPOs, AIPO4(sz), AIPO4(s3), S, S(s2), SOs, (CH3),SO, (NH4)2(SO4),
(NH,),SO4(NH;);, NH,CH,CH,SO;H, Na,SOs, Na;SOs, NaySO4(sy), Nas(OH)(SOs), MgS, MgSOs, AlS, ALS;, Al(SOy);, NH,AISO),,
Mg;Si4O|0(OH)2, Mg7si3022(OH)z, NazMgSi40m, NazMgzsiéols, NH4A1(SOA)2(HZO)12, NH4C1, NH4C1(52), CH;NH3C1, NH4C104,
NH,ClO4(s2), NaCl, NaClOs, NaClOx(s2), MgCl, Mg(OH)CI, NaMgCls, Na;MgCl, AICls, OAICI, NaAICly, MgAlCls, K, KH, KCN, KO,,
K>0, K»0,, KOH, KOH(s,), K,CO;3, K,CO5(sz), KHCO;, KNOs, KAIO,, KAlyOy4, KAl 010, K5Si0s, KoSiz0s, KaSiz0s(s2), KaSirOs(s),
Kzsi409, Kzsi409(52), KA1S104, KAISiO;g(Sz), KAlSizOG, KAlSizOs(Sz), KAlSigOg, KAlSi30g(Sz), KAlSi}Og(S}), KAl3Si30lo(OH)2,
KALSi;030(0H)s, KMg3;AlSi;019(0H),, KHyPO,, KoHPO,, KsS, KoSOs, KiSOu, KaSOu(s2), KsNa(SOu),, KAI(SO.), KCI, KCIO,,
KClO4(s2), KMgCls, KsMgCly, KsMgxCly, KAICL,, Ca, Ca(s,), CaHa, Cas, CaO, CaO,, Ca(OH),, CaCOs, CaCOs(s2), Ca(NO3),, CaMg(CO;3)s,
CaAlz, CaAl4, CaA1204, CaAl4O7, CaA112019, CagAIQOG, CaSi, CaSiz, CaZSi, CaSiO3, Casi03(82), CazSiOA, CazSiOA(Sz), Cazsi04(53), Ca;SiOs,
Ca3Si207, N34C, Si309, NaZCaSi5Olz, NazCaZSi3Og, NazCagsi(,Om, CaOMgOSlOz, MgOCaOSle4, MgOCaZOZSizO4, MgOCa;O;SizO4,
CazMg5Si8022(OH)2, CaAlzsi06, CaAlzsi208, CaAlzsi208(Sz), CazAlzsiO7, Ca3Alzsi3012, CaA14Si2010(OH)2, CaA114Si22060(OH)12,
C82A13Si30|2(OH), CazAl3Si30|2, (Cao)2(A1203)2(Si02)g(H20)7, Ca3P2, C305P2, C212P207, C32P207(Sz), Ca;(PO4)2, Ca3(PO4)2(Sz),
CaHPO4(HzO)2, Ca5H013P3, CaS, CaSO3, CaSO4, CaSO4(Sz), CaClz, CaOClz, cha(CO3)z, KzC&z(CO})}, chaz(SO4)3, KCaClg, Tl, Ti(Sz),
TiHa, Ti;0s, Ti;05(s2), NayTiOs, Na, TiOs(s,), NayTiOs, NayTi,Os, (Na,0)(TiO5)s, NasTisO 14, (Na,0)(TiOs)s, MgTiOs, Mg, TiOs, Mg, TiOx(ss),
MgTi,Os, ALTiOs, Al4TiOg, TiS, TiS,, TiSx(s2), TiSs, TixS, TiyS3, TiCly, TiCls, TiCly, KoTiOs, K4TiO4, Ko TixOs, KoTiz0, KsTisO14, KoTicO13,
CaTi03, CaTiO3(Sz), CazTizos, CazTizoj(Sz), CagTizoﬁ, CagTi207, CasTi4013, CaSITlOS, Mn, MnO, Ml’lOZ, Mn203, Ml’l304, Mn304(32),
ALMnO,, MnSiOs, Mn,SiOs, Mn;ALSisO1s, Mn3ALSi;015, MnP, MnPs, MnHPO,, MnS, MnS,, MnSO;, MnCl,, (MnO)(TiO,), MnTi,O4,
MIlTizO4(Sz), Ml’lTizOs, Ml’lzTiO4, Ml’lzTiO4(Sz), FC, FC(Sz), FC3C, FC3C(52), FCzN, FC4N, FC4N(Sz), FCO, F6203, F6203(Sz), F6203(S3), FC304,
FC304(Sz), FC304(S3), Fe304(s4), Fe(OH)z, Fe(OH)3, FeCO3, (Nazo)(Fezog), (MgO)(FeZO3), FeAl;, FeAle4, A12F6206, FeSi, FeSiz, Fe;Si,
Fe;Sis, FeSiOs, FeSiOs(s2), FeSiOs(s3), (Fe0)x(Si02), (FeO)x(Si0s)(s2), (FeO)(Si0)(s3), FesSisOan(OH)s, Fe,ALSisO s, FesALSiz01s, FeP,
FeP,, Fe,P, FesP, FeO4P, FeS, FeS(s;), FeS(s3), FeS,, FeSi(sy), FesSs, FeSOs, Fey(SOs);, FeCly, FeCl;, FeOCl, NaFeCls, FeAl,Clg,
KFe;AlSi3019(OH),, KFeCl;, KFeCls, K,FeCls, CaFe,0s, CayFe;Os, CaFe 07 CaFeSi,Og, Ca,FeSi;0;, CasFe,Siz0y,, FeTi, Fe,Ti,
(FeO)(TiO), FeTi,O4, FeTiyOs, (FeO)(TiOy), Fe;,05Ti, MnyFe(CN)s, (MnO)(Fe,03), Zn, ZnsNa, ZnO, Zn(OH),, Zn(OH)a(sz), Zn(OH)s(s3),
Zl’lCOg, ZDS(NO3)2(OH)3, NaZOZZn, Zl’lA1204, anSiO4, ZIle, ZD3P2, ZIIS, Zl’lS(Sz), ZH(NH3)2C53, ZI’ISO4, ZDSO4(Sz), ZDSO4(53),
ZHO(ZHSO4)2, ZnSO4Zn(OH)2, Zl’lclz, Zl’lclz(NH3)2, Zl’lClz(NH3)4, Zl’lclz(Nﬂg)(), ZIlz(OH)}C], CaZn, Caan, CaZZnSizO7, (Zl’lo)z(TIOZ),
ZnFe;04, Pb, PbO, PbO(s;), PbO,, PbsO4, Pb(OH),, (PbO)3(H,0), PbCOs, PbC,04, (PbO)(PbCO3), Pb(N3),(PbO), Na,O,Pb, Mg,Pb,
Mg:Pb(sy), (PbO)(ALO3), (PbOY(ALOs)s, (PbO)y(ALO;), PbSiOs, PbSiOs(sy), PbySiOs, PbySiOu(sy), (PbO)4(SiO,), PHHPO,, PbS, Pb,S,,
PbSO4, PbSO4(s2), PHOPbSO,, (PbO),(PbSO3), (PbO)5(PbSO3), (PbO),(PbSOy), PbSO4(NH;),, PbSO4(NH;)s, PbCl, Pb,CI,NH,CI, PbCIOH,
Pb4(OH)sCl, PbClo(PbCO3), PbCasSi30s, PbsCasSiz0y1, PbsCaSic0s1, (PO)(TIOs), (PbO)(TiO1)(s2), PH(MnO4)2(PbO)s, PbFes07, PbFe 0Oy,
Pb2F6205, szFCSizO7, szFCzSizOg, Pb]oFCzSisz, PbZHSlO4, szZl’lSizO7, Pngl’lSiﬁOzl

3 HEREH®

Cl B ibusee

FEFE. BB AR RAFIRIS s 5 Bl AE 0 e 2
ORI ARBAN 1.0, 12 A1 1.4 508 F S CL4CER:
&4 400~1600 K i [l A AL R Q] 1 o, w R
SIVEII AL, S TAETERIA, B 1~3 HlR-—F4dli=1.0
IR 2045, A=1.2 BRSO 5 WA+, A=1.4 B
TS WA xR, LU 1(a) T ) KCI(s) 1, A4 1.0,

3.1

1.2 f1 1.4 W43 5K Ho, @@k, mERIL, 3 Fp=
SR RECF S AR B LT ES, BIAXE S
FiAER e Cl Ao A K. HE 1(a)n]
I, 24 AT 800 K INTRSFFIRI 7 C1 41t 3 2P KC(s)
FERAEAE. IR LA 800~1000 K 3 FlINF, HCl(g) & &%
W%, HIAFIENME, [ KCI(s)7E 1000 K A
0, AUk, ArEHERT HCI(g)2 H1 KCI(s) LTk i
BEr T 1000 K B, HClg) &= i M, 1 KCl(g)W
U _ETE, RN D B R(KCy(g) F1 NaCl(g) A2 Bk



992 U & I

B

100 - eeeessg (@) Straw 100 == (b) Bark
< 80 80 -
= 2
3 - —0—HCl(g) ES r
£ 60 -—0—KCl(s) g 60 L —0—KCl(s)
o | —2—NaCl(g) ~ L —A— HCI(g)
2 ——Kclg) & oy ——NaCl(g)
£ 40 ——(ke R g 40 —o—KCl(g)
§ L g L —— (KCI),(9)
g 20h g) 20 |
O - s 0 - soisnae
L | L | L | L | L | | L | L |
300 600 900 1200 1500 300 600 900 1200 1500
Temperature (K) Temperature (K)
100 |- m=e (c) Wood chips 100 L (d) Waste wood 100 L O] O”V idu
= 801 __ 80 _. 80
3 I o g [ —o—nNacis) S I
° —— NaCl(s ©°
E 60 Kels) £ 60 o Hci(g g 60 1
—O—KCI(9) -~ ~ —o— NaCl
o L | —A—NaCl(g) © L I (@
2 —A—HCl(g) S =) | —o—kKcl(g)
e 40 —v—NaCl(g) & 40 |.—v—KClg) S a0l | oKX
CIC) —4— (KCI).(9) < —(KCI),(9) < (KCh,(9)
o r 2 8 F —>—KCl(s) 3 r v—KCl(s)
& 20+ o 20 - o 20
L n- D- L
0 | X600 0% 0 [ XOR0c0Rous
L | L | L | L | L | L | L | L | L | L | L | L |
300 600 900 1200 1500 300 600 900 1200 1500 300 600 900 1200 1500

Temperature (K)

Temperature (K)

Temperature (K)

K1 IR ERAEIRLEE D 400~1600 K 52 U AR EON 1.0, 1.2, 1.4 FIAKEAAT T Clots AL R
Fig.1 Transformation of chlorine element for five biomass fuels during combustion in the temperature range
from 400 to 1600 K with excess air coefficient as 1.0, 1.2 and 1.4, respectively

B 1(b) AT L) T s IW B2 R 7E BRI 5 AF T
T CLALTC AR IEAA R, BPEEAR T 800 K B LA
KCI(s)/ERAFLE; 7E 800~900 K i [l Py 5 i [l — < A 4
b, AR KCI(g) A E AP 1R 800~900 K 1 [l
AR BE N # G (KC)y(2) Bk, HBE#H KCl(s) [
AN R MR H > HARN 0. AFZ AL THE ST
1000 K BB R #LEIR H ) KCl(g)F1 NaCl(g)fEFEAA
AR 5 AHAC g Bifi R il 5 T v KCI(g) 7 /A3 T BEAIG, HC(g)
TRAFE.

W) UE 1, BT RAY Na i, B
U CLAE4ITH NaCl(g) 22 LA LR B i 2 5
HIRELE 700 K ZE4 B4 HCI(g)AE % 7E 900 K 2645 B
HCl(g)ik Blise KAE, SRIGIFAA TR, fEmT 1400 K I
HCI(g) U X IF 45 ETF: £E 900~1300 K (135 i [ A
KCl(g)F1 NaCl(g) & S8 F+ i1, 75 1300 K Z:47 NaCl(g)
TrETHE KCl(g)FIK, 7EmT 1400 K B KCl(g)F
NaCl(g)#BF#{%, JBLi HCI(g)= T .

HE 1(e)n AR, MR ALK T 900 K K LA
KCl(s)>h 3=, 900~1000 K 3£ i [ Py KCI(s)ik/b>, KCl(g)
FIKC (@) EIFE#IEZ s 76 1000~1150 K G
(KCD(g)iii/b, 1M KCI(g)4k L KIFIA ] — . Em

T 1100 K B4 /D5 NaCl(g)A4E ik, H I Rkt g2
AKX,

IRV R, R 5 M A s
Cl DUV T 1 FFaaii 2 LA 800~1000 K, H.
=T 1000 KB 9 CLAZESL1T 32 2 LA K Cl(g)if .
X — A5 Y Knudsen 5P Sz 25 Bn] S i b 25 4
Knudsen 255256 45 R0, BREBEIE AR T 773 K I,
25%~70%M1) 7 Cl A ICs A8 a4, Hfh s Cl
A ICAE 973~1073 K I A4 LA KCl(g) T A h S
BT 1073 K I, & CLAL T4 /<A,
3.2 KE{LHIEE

W2 PR, BRI K SR,
EBREEL R K &5 Si, Ca 5 n & B FIE 5410,
R ER RN A S — 2 K ASLUnA g, X8 s
K A ATCE R AP Tk b SN 35184 T Il 11 .
AR D AT P ST B & K 4o
—H#B7r, 1 KOH(g), KySO4(s), KuSO4(sy), KAIO(s),
KAISiO4(s), KAISi,O4s), KAISi;Oqsy),  KCI(s),
KMg;AlSi3010(OH)a(s), KCI(g), (KCa(g), K2Ca(COs)u(s),
KyCay(COs)s(s),  KiSO4(g), KNOs(sy),  KiSiOs(s),
K,Si,05(s,), K3Sis00(s)Fl K5Si,00(s,). AR S K 4lochh



E5H

Wiz 4548 FEW) SRR R C1 Rl Ja ot IR A0 2 4 ) 27 P A 3 A

993

KR Z B KA 78 A1 KOH(g), KCl(g), (KC)x(g)
T KoSOu(g)VUFl. 1T A AR BB FE it J LR A ) B A 4
et R =i K S CHE 2, T H i

AT K ST AR, B 2 T E i K
WA & K ASubORL, & K s
LBERIR, & K AT & BRI 5 8o,

100
(a) Straw
80 | —o—KOH(g) | (0)Bark
—0—K,Si,0,(5) —>—KClI(s)
[ ——KSi0,(s,) —O—KCl(g) 80 - ——KOH(g)
S 60 L —VKSIOL) —#— KNO(s,) < —&—K,S0,(9)
3 ——K,5,0,5)  —&— K,SO,(5) Z
£ I —K—K,Ca,(CO,),(s) —&—K,SO,(s,) £ 60 -
o 40 ™ A o [
g ‘ " 8 40 |-
= L
S ol 3 I _\jﬁ \
e I g 20 -
0 | ssassmunns ok A YT
L | L | L | L | | | L | L |
300 600 900 1200 1500 300 600 900 1200 1500
Temperature (K) Temperature (K)
120
80 7((:) Woodchips | (d) Wastewood iigl?g()g) 80 L (e) Olive residue
100 - ko —0—KOH
—0—KOH(g) . . = Ezzgésg)) © I —o Kzscf()g)
g 60F 9 S 80yl K, ——kale) S 60 —A kel
S g L —0—K,Ca,(S0,),(s) g |
£ = 6ol . —0—K,SO,(g =
s a0l o K P o 40|
g S [ g
‘E L c 40 [ c r
g S S 0L
§ 20 & 20 & |
0r z 0r o or
L L 1 1 L 1 L 1 L 1 L 1 L 1 L 1
300 600 900 1200 1500 300 600 900 1200 1500 300 600 900 1200 1500

Temperature (K)

Temperature (K)

Temperature (K)

B2 R AR RAEIRLE D 400~1600 K 525 Tl 8 R Ak 1.0, 1.2, 1.4 [IRBEA T B K JC 5410 R LA
Fig.2 Transformation of gaseous potassium for five biomass fuels during combustion in the temperature range
from 400 to 1600 K with excess air coefficient as 1.0, 1.2 and 1.4, respectively
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Fig.3 Transformation of gaseous sodium species for five biomass fuels during combustion in the temperature range
from 400 to 1600 K with excess air coefficient as 1.0, 1.2 and 1.4, respectively
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Fig.4 Influence of temperature on concentrations of accumulated gaseous species and main species containing chlorine, potassium
and sodium for straw during combustion from 400 to 1600 K with excess air coefficient as 1.0, 1.2 and 1.4, respectively
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Fig.5 Influence of temperature on concentrations of accumulated gaseous species and main species containing chlorine, potassium
and sodium for bark during combustion from 400 to 1600 K with excess air coefficient as 1.0, 1.2 and 1.4, respectively
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Fig.6 Influence of temperature on concentrations of accumulated gaseous species and main species containing chlorine, potassium
and sodium for woodchips during combustion from 400 to 1600 K with excess air coefficient as 1.0, 1.2 and 1.4, respectively
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Fig.7 Influence of temperature on concentrations of accumulated gaseous species and main species containing chlorine, potassium
and sodium for waste wood during combustion from 400 to 1600 K with excess air coefficient as 1.0, 1.2 and 1.4, respectively
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Fig.8 Influence of temperature on concentrations of accumulated gaseous species and main species containing chlorine, potassium and

sodium for olive residue during combustion from 400 to 1600 K with excess air coefficient as 1.0, 1.2 and 1.4, respectively
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Thermodynamic Equilibrium Analysis on Release Characteristics of Chlorine
and Alkali Metals during Combustion of Biomass Residues

CHEN An-he'?, YANG Xue-min', LIN Wei-gang'

(1. Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100080, China;
2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The transformation characteristics of chlorine and alkali metals, such as potassium and sodium, during combustion have been
investigated by using thermodynamic equilibrium analysis (TEA) technique for five kinds of biomass residue samples, i.e. straw, bark,
wood chips, waste wood and olive residue in the temperature range of 400~1600 K with excess air coefficient of 1.0, 1.2 and 1.4. The
TEA results show that changing excess air coefficient can not obviously affect the released amount of chlorine and potassium or sodium.
The major gaseous and solid existing species of chlorine, potassium and sodium are found to be KCI(s), HCI(g), KCl(g), (KCl),(g) and
NacCl(g) for five kinds of biomass residues samples studied during the combustion. A great amount of chlorine contained species can be
released as gaseous species at the temperatures above 800~1000 K while alkali metals, potassium and sodium can be transformed into
the following gaseous species KOH(g), KCl(g), (KCI)»(g), K,SO4(g), Na(g), NaOH(g), Na,SO,(g) and NaCl(g) at temperature above 850
K. Hence, the least release of chlorine, potassium and sodium as gaseous species can be realized at the temperatures less than 850 K in
the viewpoint of TEA. As practical biomass combustion reactors are performed far from real thermodynamic equilibrium, the combustion
operation temperature of practical reactor can be controlled a bit greater than the critical condition mentioned above.

Key words: thermodynamic equilibrium analysis; biomass; chlorine; alkali metals; combustion



