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Wood vinegar and its properties from pyrolysis of biomass

HOU Bao-xin, ZHANG Shou-yu”*, WU Qiao-mei, MAO Qing, YAO Yun-long,
TU Sheng-kang, JIN Tao, ZHAO Meng-hao
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Abstract: The basic physical and chemical properties, yields and organic ingredients of the refined wood
vinegar obtained from pyrolysis of Chinese fir sawdust ( CFS), cotton stalk (CS) and bamboo sawdust ( BS)
were investigated. The results show that yields of crude wood vinegar and the refined one from the three
biomasses at 350 C are nearly the same. However, yield of the wood vinegar from KCl-treated CFS ( KCI-CFS)
under the same conditions decreases. The physical and chemical properties of the three refined wood vinegars are
different from each other. The pH value of CFS wood vinegar is the lowest and its density is the highest. The
content of the organic acids contained from BS and CS wood vinegars is higher than that of CFS wood vinegar.
The organic components in the refined wood vinegars were analyzed by gas chromatography and mass
spectrometry ( GC-MS ). The results indicate that CFS wood vinegar includes acids, phenols and ketones.
Besides the three ingredients, alcohols with high relative content are found in BS and CS wood vinegars. The
relative contents of the acids and phenols contained in the three wood vinegars are in the order of BS > CS > CFS
and that of the ketones is CFS > CS > BS. The relative contents of the phenols and ketones contained in the
refined wood vinegar produced from KCI-CFS decrease and that of the acids increases, especially the acetic acid.
The relative content of the alcohols contained in the refined KCI-CFS wood vinegar roughly doubles compared
with that of CFS wood vinegar.
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1 SRRy
1.1 SRR

SR B I REZAZ K (Chinese fir sawdust,
CES) . ## #F ( Cotton stalk, CS) .47 J& ( Bamboo
sawdust, BS) , 4/ MIT R AT WL 1, K343 87
UL3R 2 s Rk (R B RiAE <0.5 mm, THH) ; S

(HrHTal) s STk (AT al) s EALER (o3 A4l ) {0 .
PH-3C IR EE i1 51 200 g 2% .

*1 HRHTESWMES W
Table 1 Elemental and composition analyses of the three samples
Sampl Ultimate analysis w,,/ % Proximate analysis w,,/% Composition analysis™ ™"’
ampe H 0 N S M A celliloe  hemi-celllloe  lignin
CS 47.56 3.18 39.97 0.86 0.40 4.25 3.78 47.7 18.8 21.0
BS 48.51 3.35 42.20 0.75 0.28 2.85 2.05 54.0 21.7 24.3
CFS 53.60 2.78 38.86 0.96 0.03 2.13 1.64 50. 68 13.45 35.11
*k2 HRHRZSH
Table 2  Ash analyses of the three samples
Ash components w/ %
Sample ; -

Sio, Al O, Fe, O, CaO MgO TiO, SO, K,O Na,O P,0,

CS 11.69 1.75 1.13 30.8 13.88 1.39 6.30 18.86 10.03 4.07

BS 37.04 1.51 2.99 11.67 3.15 1.80 6.15 27.6 3.67 4.39

CFS 40.04 6.79 11.64 27.48 4.66 0.85 3.81 1.77 0.85 0.80

1.2 &Y H R &8 TR 30 T, JHRH AN 10 T/min, THE B BE
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Figure 1 Schematic diagram of the pyrolysis apparatus

1. gas cylinder; 2. pressure reducing valve; 3. rotameter;

4. quartz tube reactor; 5. sample;6: vertical tubular furnace;

7. temperature controller; 8: thermocouple; 9. cold trap
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S MBS SCHERY K AR B AR 5 T 2 AR
G, fERDEAFE 30 d J5, KBS 2 A
=2, RN, h 2SR, RN
B AR BT A 2 T, R R vkl O 2 B
TA 5% WIARBHYIR A, 5% 10 min, {5 55 i 76 AR
W A FE T T ST R B AR R A b IR 72 h AT
W b RO B S DR AR R AT L 08, B ASH i AR
SR
1.4 FEHIAE KRS EMERNE %
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1 000p
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1.5 GC-MS $#rLi
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) A il TR ) £ Bk R B AT I K UK
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AR, 26 AR AR 40 TR IMAZE K &
BkVES 7], 19 AR BB AR T, E A GC-MS 43 BT ke
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SR 95 [ 2 FEAR 2 F] 7890A-5975C HIK
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0.5 wWL; e 20 01 3 S(99.999% ) 5 T it
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Figure 2 Effect of pyrolysis temperature

on CFS wood vinegar yield
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Table 3  Yields of wood vinegar from the three samples

Raw Crude wood vinegar Refined wood vinegar
material yield w/% yield w/ %

CFS 43.20 25.45

CS 43.76 25.23

BS 43.87 25.95
KCI-CFS 37.14 21.16

2.2 BEUHRRLER
AN TR AR 0 T SRR A ot A ) AT Y P9 A A it

TR o pH B IR /N AT L SFe 3 ik AR 16 T 7R 11 1
59,38 4 REHIRESR AL TERT, Hik 4 TR, =
Foft SRR 5 B A B ) pHL B /IR SRy R AT > A7
JESIZARIE o AR ARBE RO N & A IR L
PR 5 Y 4- 02 453 -HH AR LR O R BUH: pH (/)N
PrIB AR pH (ER T AT pH {E, 2 W78 A B
MR = TARFT AR . % 5 ARG MK b 322
FRIZH 73 B 2

R4 FEBIRERAYIE W

Table 4 Physical and chemical

properties of the refined wood vinegars

Raw Organic acid Density
. pH value
material content w/ % V/mL
CFS 10. 80 1.1242 2.30
CS 13.81 1.095 4 2.79
BS 12.01 1.090 6 2.59

HIZR 5 AlAL, A 8 AR BT B IR AL & W AR X
F R TAREREE R, B2, 3R 4 vhodaod iR s A2
AT AR AT A SRR MLRR 5 1 20 = T 47 8 AR I, T
X AT AE 22 R RS Wi B . AR
R T SR 0 T 5 2 o e, A PR Bl A 1) ied A 2
Hh, AR 3 TR 2 7K A DA T 9 FE— S AR AR B
SAAC BT R, S B0 AR AT R B RCA ALRR & R
SR o LA AT AR A R s AR

FEARBRR X S5TE AR R RS & e T
FRFFARBERAT o T3 MRS TARAF FIAT IS A2 AR
KT ) B v

x5 BHARRPEENASREXNSE

Table 5 Main components and
relative contents of the refined wood vinegars

Relative content w/%

Compound

KCI-CFS CFS CS BS
Acids 11.97 9.97 11.19 14.08
Phenols 14.09 17.62 18.93 21.60
Ketones 16.21 22.99 19.83 14.78
Aldehydes 4.09 7.37 4.22 2.99
Alcohols 8.09 3.90 15.30 12.01
Esters 4.28 3.04 4.78 2.35

2.3 GC-MS XR1E
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KTV T B R ZE 0 1 2 Ak 5 0 i A 5 bl e
X NEFN GRS g/l R i E O A k2=

AT SRR £ 0 S (O (2 P A
PR

AR T ASE N AR R R ARTRE
X PSRRI R . 2 6 ORI b
IR G &, 3k 6 nl, =R LW BURES
WP R E 2 CRRAMINTR , b, SR 75 it
o SR YER P EEON 2R WPIR N RAF IR
RGN T LIRESR P IR I A £k A
TAYIR L 4R R A IR, R 1 AT, =
Pl ) T H) > 2 4 3R 00 AR U AT B S AT > A2
AJA T ELRRIAC S WIAERT B AR TSRO 9 75 e
FEATE AR P 5 R A1y ab P R I 9 9 1
AL S LBk A TR PR 4E R 1 B

R A TR 4 19 21 ) Tt o R TR AV A
JRT S ) 3R R AR TR 1 T e B
TUHREREMIGE L (4 52 5L RE AT G /K S A i, B i
KA TARTREARITZ B BEENR £ 7
REHIARBE R EE B R ea& . &7 Al
I AA TR AR AR A A P v 2O R
By S AT AR AR AT F0PT B 7 A i B 2k S



512 3

PegidE . AW ORI ) A RS RS

1443

YyrbBR @RI S HAT A WA a4 T A AR Y
2,6- W RSIR By, U WIAZ AT Hh A T 3R A A T
S5A0 RO AR AL, MR AT AT R R 1R
NBELE I - 2R A AR LB RIS T A Sl 8 T
HEFATC 2 [ 1A Pt B L B A 22 8] )k ) T
2 AR R A B ST I PR ) B
SRINPERENE , B T R LR BEES SN, A T R AR B
R SEAE R AR R AR T AT

JRER A AR B B A 24 R 34 1] BE 32 A Ak S D £
1T R, AR 2R I B R S R G
HIZR 1 BYTCER AT AT A, = ORG24 DR/ NI
Fe AT TE SHRAFS S, ELATIE B B & B AR AT
e, T LS RO T A T R ) i SRS AR R 5 K U
SENTE ST >AJE

PrE A BT I ERE AL S AR S ik, &
8 ARG BB S

T HIAT BT B A S P RS SR AR &, A
®6 FHABEREENBRELSY (AMER=1%)

Table 6 Main acids content in the refined wood vinegars (relative content = 1% )

Relative content w/ %

Acid
CFS CS BS KCI-CFS
Acetic acid 4.0346 7.6456 10.188 7 8.3810
Propionic acid 1.168 3 1.569 4 2.4254 1.026 7
3-methoxy-4-hydroxyphenyl acetic acid 1.2097 - - 1.3011
R7T BHABEETEEZENBEULGY (ENEE=1%)
Table 7 Main phenols content in the refined wood vinegars (relative content=1% )
Relative content w/%
Phenol
CFS CS BS
2-methoxy phenol 3.969 3.1398 2.5099
2 ,6-dimethoxyphenol - 3.9201 5.708 9
2-methoxy-4-methylphenol 3.8925 1.5745 1.029 6
4-ethyl-2-methoxyphenol 2.108 8 1.1249
1,2-benzenediol 1.6167 1.176 4 1.0539
Trans-2-methoxy-4-propenylphenol 2.3306 - -
5-tert-butylpyrogallol - 1.5772 1.2779
2 ,6-dimethoxy-4-( 2-propenyl ) phenol - 1.248 3 -
4-ethylphenol - - 1.8406
3-methoxy-2-benzenediol - 1.008 6 1.2321
Phenol - - 1.146 6
2-methylphenol - - 1.146 6
x8 HBRABEPEIZEMNMELESY(HNESE=1%)
Table 8 Main ketones content in the refined wood vinegars ( relative content=1% )
Relative content w/%
Ketone
CFS CS BS
2 ,3-dimethyl-2-cyclopentene-1-one 5.6855 4.6179 1.9792
Hydroxyacetone 2.854 4 2.3165 1.8177
Methyl cyclopentenolone 2.7957 2.440 1 1.9792
(4-hydroxy-3-methoxyphenyl ) acetone 1.8058 1.0328 -
1-hydroxy-2-butanone - 1.2343 1.8808

2 8 M40, fb& ¥ 2,3- W BE2-BR I 4 i 1
Z I, rT R TATE T e AR S R Y
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