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Bio-oil production from biomass pyrolysis in molten salt
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Abstract: In order to investigate the effects of pyrolysis conditions on bio-oil production from biomass in molten salt,
experiments of biomass pyrolysis were carried out in a self-designed reactor in which the molten salt ZnCl,-KCl (with mole ratio
7/6) was selected as heat carrier, catalyst and dispersion agent. The effects of metal salt added into ZnCl,-KCl and biomass
material on biomass pyrolysis were discussed, and the main compositions of bio-oil were determined by GC-MS. Metal salt added
into molten salt could affect pyrolysis production yields remarkably. Lanthanon salt could enhance bio-oil yield and decrease
water content in bio-oil, when mole fraction of 5.0% LaCl; was added, bio-oil yield could reach up to 32.0%, and water content of
bio-oil could reduce to 61.5%. The bio-oil and char yields were higher when rice straw was pyrolysed, while gas yield was higher
when rice husk was used. Metal salts showed great selectivity on compositions of bio-oil. LiCl and FeCl, promoted biomass to
pyrolyse into smaller molecular weight compounds. CrCl;, CaCl, and LaCl; could restrain second pyrolysis of bio-oil. The
research provided a scientific reference for production of bio-oil from biomass pyrolysis in molten salt.
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Table 1  Proximate, elemental analysis and chemical
composition of biomass materials

Rice Rose Rice

Test parameters straw  wood husk Cellulose
Water content’ (wt%) 14.17 15.60 13.53 2.88
Ash (wt%) 14.93 0.84 14.10 0.70
Volatile (wt%) 66.33 73.83 64.37 93.68
Fixed carbon (wt%) 4.57 3.73 8.00 2.74
C (wt%) 40.79 47.44  39.84 45.35
H (wt%) 7.66 7.79 7.08 7.33
O (wt%) 49.89 4396 52.23 44.97
N (wt%) 1.17 0.24 0.48 0.05
S (wWt%) 0.49 0.57 0.37 0.09
Cellulose (Wt%) 31.70  33.60 45.60 100.00
Hemicelluloses (wt%) 19.00 6.00 13.50 0.00
Lignin (Wt%) 21.50 3570  22.40 0.00

Water content, ash, volatile and fixed carbon are tested in dry basis.
wt%: mass percent.
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Fig. 1 Schematic diagram of experimental apparatus. 1: N, steel

cylinder; 2: gas flowmeter; 3: hopper; 4: screw feeder; 5: reactor;
6: electric furnace; 7: electromotor; 8: thermoelectric couple; 9:
first condenser; 10: second condenser; 11: third condenser.
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Table 2 The number of metal salt added into ZnCl1,-KCl
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2.1

Alkali salt Alkaline salt Transition salt Lanthanon salt Redqc1b1e
transition salt
Number 1 2 3 4 5 6 7 8 9 10 11 12
Metal salt / LiCl NaCl MgCl, CaCl, FeCl; CuCl, CrCl; CeCls LaCl, FeCl, CuCl
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Fig. 2 Influence of added metal salts on bio-oil yield.
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Fig. 3 Influence of added metal salts on gas yield.
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Fig. 4 Influence of added metal salts on char yield.
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Fig. 6 Influence of biomass material on the products yield.
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Fig. 7 Total ion current diagrams of bio-oil produced from rice straw at 500 °C with added FeCl.
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Table 3 Analysis of bio-oil compositions
Retention Molecular Retention Molecular
time (min) Compound name formula time (min) Compound name formula
4.88 3-furaldehyde CsH,0, 7.71 Sorbic acid C¢Hg0O,
6.18  1-(2-furanyl)-1-ethanone CeHO, 8.16  2-hydroxy-3-methyl-2-cyclopenten-1-one Ce¢Hs0,
6.56  4-methoxy-3-buten-2-one CsHgO, 8.38  2,3-dimethyl-2-cyclopenten-1-one C;H,,0
6.64 2-methoxy-furan CsHsO, 8.96  4-methyl-phenol C,;HgO
7.14  3-methyl-2-cyclopenten CeHsO 9.14  furyl hydroxymethyl ketone CHeO;
7.33 Phenol CsHsO 9.23 2-methoxy-phenol C;H30,
7.46  Resorcinol CsHeO,
9.38 2,5-diethoxytetrahydro-furan CsH 603 12.29  4-methyl-3-oxo ethyl ester pentanoic acid CgH 405
9.74 1-(2-furanyl)-1-butanone CsH,00, 12.66  Tropic acid CoH ;003
983  2hydroxy-3-methyl-diethylester 1y 311 23 dimethoxy-acetate phenol CroHpO4
succinoic acid

1041 4-ethyl-phenol CeHyO 1338 iélzgt;;(ti—ylilthr;xyethyl)tetrahydrofuran—2‘beta.—methylacetic CoH 104

10.78 2,3-dimethoxy acetate phenol CioH 1,04 13.54 8-isopropoxy-octanoic acid,methyl ester CpH»40;3

11.31  Isophthalaldehyde CsHeO, 13.68  1-(4-hydroxyphenyl)-1-pentanone C1H140,

11.49 4-ethyl-2-methoxy-phenol CoH,,0, 13.81 2,4-dihydroxy-6-methyl-benzaldehyde C3Hg05

12.24  2-acetyl-1,3-cyclopentanedione ~ C;H3O; 13.89  2-methoxy-2-octen-4-one CoH 60,

14.93 6,9-pentadecadione C5H»50, 18.06  2,3,5-trimethyl-7H-Furo[3,2-g][ 1 ]benzopyran-7-one C14H 1,04

15.18 2,5-bis(1,1-dimethylethyl)-phenol C;;H,,0 18.29 ~ 9,10-dohydro-9-methyl-10-propyl-anthracene CigHso

1631 ;31;)%?;122?&1323 ;%i}(/ll, ster CsH .40, 1969 i fe-biS( 1,1-dimethylethyl)-4-ethylidene-2,5-Cyclohexadien-1- CreHnO

17.04 3,3,4,4-tetramethyl-1,1-biphenyl  CjcHs 20.16  6-[2-E-(3-ethylphenyl)ethenyl]-4-methoxy-2H-Pyran-2-one ~ C;¢H;405

17.29  2,2,5,5-tetramethyl-1,1,biphenyl  CicHs 22.06 1,8-dihydroxy-3-methoxy-6-methyl-9,10-Anthracenedione C16H 1205

17.41 1,2,3,4-tetrahydro-9,10-dimeth CroHl s

Yl-anthracene

WINT ) 4 ) R AR AR 1 10 FhAE P
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AT AR o AR AR DI ARSI B2 R AL
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19.9% ; HIK A 1-(2-furanyl)-1-ethanone, 5 3.0%~
15.3% ; %% =4 isophthalaldehyde, % 3.29%~19.4% ;
X 3 FEEYS RS R 28.1%, Hif 2-hydroxy-3-
1 4-ethyl-2-methoxy-
phenol 1 548 T E LAY, [R] B AE O B B RO T
17 min BB B TR | USRI T AU HA AR
MG, TTRER B AR BT R 24 - A 1

R T IS 4 AR T A Wi S A B S
KRt 3 Be, 85 —Bh 9.23 min Z i, %

methyl-2-cyclopenten-1-one
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HCy KU WAL EY ;s % BN 9.23~13.89 min,
FHEN Co~Cy LB s 5 =Bt N 13.89 min ZJ7,
FEHN Cu KL MG Y. B4 Fh 4 8 5 A5
WAYM T BB SRR 4 i, hk 4 7]
UL, U LiCl F1 FeCl, 45 0 A= il 75 O/ B B[] oy
9.23 min ZHTMA T R, 4 0AF] 68.7% il
63.6% , (HJEAELE B FIR] o8 9.23~13.89 min W44
A, Y00 16.9% , BEH] LiCl #1 FeCly % A= ¥ i
] /N3 24 B A SR U LR WS i CrCL, 45
(L W AE (R BRI E] R 13.89 min 2 )7 Y414 & &
KB T 55.8% , 4R FHIKEH 2 /%, BN LaCly Al
CaCl, il 15 /) A= i AE - B B E) 2 13.89 min Z )5 1Y
oy, RWT CrCly, LaCly; fil CaCly Xt
A Wi R AR EAA MR
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Table 4 compound content of bio-oil made by added

different kinds of metal salt
Metal salt ~ Before 9.23 min ~ 9.23-13.89 min After.

13.89 min

LiCl 68.67 16.85 14.48
NaCl 32.32 47.31 20.37
MgCl, 34.50 40.89 24.61
CaCl, 23.50 45.47 31.03
FeCl; 26.34 44.95 28.72
CuCl, 32.82 38.25 28.94
CrCls 13.63 30.53 55.84
CeCl; 37.10 35.80 27.09
LaCl; 22.47 37.68 39.84
FeCl, 63.63 16.91 19.46

4 i

& B W WA E R AR, WL AE
#h LaCl; Al CeCls ABHR 2 A= Wil 2%, BRAIR AR
B GV U 4 s 5 A A T ARl i AR i
el e 4 0 S R e N O 1 g o S T s
JB S H A I B B KA . K FREFS A R A= o A4
HAFFIE, 1 T AR s RIS AT
R, JEHH TR, CrCly i s A
F, H0EYm S AR Ry FReamE
i, REAW AW B D 4o LiCl F FeCl, fiff
A Ml AE A B2 A 9.23 min 22 R (4 20 4 2 B 4
I, %A= Wy 5 Ny R B TR ZL R AR T
CrCly. LaCly Fl CaCl, fdi 45 2k ¥yl 76 £ B8 1) 18] 2y
13.89 min Z J5 R4 3 & B3N, XA il — Ik 2
HAMHIEHR
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