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Abstract: With the rapid increase of global energy demand and the increasing prominence of environmental and sustainable
development issues, biomass resources have received extensive attention as a supplement to fossil energy. The conversion of
biomass resources into liquid bio—oil with both economic and environmental benefits through rapid pyrolysis technology has
attracted much attention. However, the bio—oil obtained by direct pyrolysis has problems such as a wide variety of chemical
components, low yield and poor quality. Acid treatment of biomass before rapid pyrolysis can effectively reduce the content
of alkali/alkaline earth metal elements (AAEMs) in biomass, significantly change the morphology of biomass, greatly
improve the component distribution of bio—oil products, increase the yield of high value—added compounds such as L-
dextran, effectively improve the quality of bio—oil, and be more conducive to the separation and purification of bio—oil and
high-value utilization in the later stage. This paper analyzes the research status of pyrolysis of biomass after different acid

treatment d, discusses the effects of acid treatment and combined acid treatment on the morphology , AAEMs content,
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pyrolysis process and pyrolysis bio—oil of biomass, provides ideas for the utilization and transformation of biomass
resources, and provides a reference for the research and improvement of biomass pyrolysis acid treatment technology.

Key words: acid treatment; research progress on bio-oils; AAEMs; fast pyrolysis
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Table 1 Effects of different acid treatments on biomass pyrolysis
b3 g5 MR 22 bR A i 225 30k
Treatment Types of acids Processing conditions Results References

A RLE BRI I3 R/ L 45 SR TT 3R 5
LY FTR S, 4R m LA R T E e

s " FEIRRTE2 h ZipEE Y
RV 3% L. =i e .
. . . . Pickling at room Effectively remove most of the ash and alkaline/ [21]
Acid washing 3% acetic acid . .
temperature for 2 h alkaline earth metal elements; improve the sur-

face structure of biomass, increase the micropo-

rosity, and enrich the surface functional groups

FORFEF b K+ &2 A5 it B 3 A s FORFE AT
M 25,50,75 °C; PR RIS s A Wi it B B o 7 T
(3RS 3% .5% 1% L. 1% itE 1,2,3 h The content of K+ metal in corn straw signifi-

Acid washing 3%, 5%, 1% acetic acid ~ Temperature 25, 50, 75 °C; cantly; The pyrolysis rate of corn stover in- 221
Time: 1,2,3 h creased; The quality of bio—oil is improved and
the yield is increased
ARERRTE R TR S EE T
R T S R T UL 2 4 5 R AR i
L ba LAY 5 B o A W
N 0.1 mol - L' #h iR [RIRS . .
BRYEL 0.1 mol-1-1 25 CIRPE4 h Most of the metal ions in sweet sorghum were [35]
Acid washing L. Pickling at 25 Cfor4 h  effectively removed; the surface microstruc-
hydrochloric acid .
ture of sweet sorghum significantly changed;
Bio-oil component distribution ; the bio—oil
yield increase
TR PRI AR T 38 R AR ) A
0.1 mol- L~ £ AR EE A B s (L HEEE ) SRR
BRI 0.1 mol - L hydrochloric 25 CIR¥E4 h The maximum pyrolysis rate and the final [36]
Acid washing ’ acid Pickling at 25 °C for4 h  weight loss rate increased;the biomass pyroly-

sis coke generation reduced;the biomass py-

rolysis reaction was promoted
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Acid 0.5%—5% Pickling at room The formation rate of organic compound in- [24]
maceration sulfuric acid temperature for 3 h creased; the yield of L-dextran increased;the
yield of organic compounds decreases with
the increase of acid concentration
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(<2 {01
Acid et 7% hydrochloric acid, temperature for 2 h duced; the bio—oil increased; the microstruc-
“ tr'nacera 7% phosphoric acid, and wash ture of rice husk and white pine changed sig-
on 7% sulfuric acid nificantly
Iwt. %M fiS R |
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PRV B - FIRB P 24 h B 48 L/ ET \ EE.AE%ZF%{ VR
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pickling—impreg- X . temperature for 24 h and A . . K
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nation treatment X . maceration for 48 h X
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0.3 wt.% nitric acid,
0.5 wt.% phosphoric acid
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Combined macer- . . Immersion at 30 °C for The metal content of alkali/alkaline earth in [37]
. - 1% nitric acid . . .
ation—pickling 24 h and washing biomass was significantly reduced;the pyroly-
treatment sis rate increased;the yield of coke decreased
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Combined . L. Bake at 250 ~ C for 30 . 0 [32]
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pickling=baking

treatment

acid

Bake at 260 ° C for 30

min

proved; the variety of compounds in bio—oil
decreased; the content of phenols increased,
and the content of ketones, acids, and furans

decreased
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Table 2 Effect of acid treatment on metal ions in biomass

&R ET/(mg-kg")

N v ot
R N X
Test samples References
Ca Mg K Na
I\
2 *JE)H 3480 296 984 295
Raw pine
[18]
A \
BB 1090 65 116 126
Pickled pine
4
TAEIRA 3962 5658 15 689 495
Raw straw
[21]
RV HAF
Pickled straw 2 335 498 514 114
$HEE*4 3840 1615 24 100 818
Raw rice straw
[28]
£ ks o i
PR _ 2230 752 553 29
Acid impregnated rice straw
e kT
Pl S H R 522 12 642 15618 4 825
Sweet sorghum bagasse
[35]
2 B T
el 428 771 319 388
Pickled sweet sorghum bagasse
ek 3262 1536 5832 960
Raw rice husks
[57]
R
Pickled rice husks 870 221 174 256
PAATRRE . 2320 294 1760 734
Raw poplar material
[58]
lﬁ&ﬁﬁ*ﬁ* 1732 134 117 353
Pickled poplar
N
EARRT 4413 2571 10 825 108
Corn stalks
[59]
TR 8 T K AS AT
Pickled corn stalks 1825 1028 926 31
LTI 5790 4150 14 300 550
Raw peanut shell
[60]
MRYEAEIETE 5470 2730 3 860 310

Pickled peanut shells
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A ANA, MAYER S8R LA IR ] 42 @ J0 3R, AR AR 7= 177 238 th 3R Ak, AR R 7™ 26 1R 219% 42 5
3| 24%~28% , S A ZE e 75 A P2 1H 88% T [ F] 62%~69% , Harfi AR 4 7= 3R T2 B A2 B VR N4 Jd e FE 11
SR, T 20 0 SR W 5 ) 32 BN N & JR R 2R A2, SV S RA K. (AU A BFT &0 IR BE &
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N FRR BT RN DA VR R AR AR, 22 B A R IR B N o AR PR IR VL T AT A R R
BRI g X ] A — B A LR R (DTG #2R) b A 2R 0 2 s i el 4B i
AR, — MOk VR, AR W RE S IR 3 B BEAL K - K53 28 R B B (50~150 °C) PR #5E R B B
(150~450 °C) Ff Ak B Bt (450~650 °C) . TE5 — BB T 825000 B 451 2%, bl Js A2 ) B vh (1) £ 4k
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LR O TS BRI PRI 09 A W A At R P B (R 3) o XU BT RR RS FE
LB P 0 4SBTV A AE R v, R A8 FLTE , 0 TR A R A% 52 AR T S , o iR FLAE , FL R ES i fry 38

R3 BAEXEYRBERIRENZN
Table 3 Effect of acid treatment on biomass pyrolysis process
TR PRI IR RE/°C KR E R % THALRE/ (k] - mol™") S 3CHk
Test samples Peak pyrolysis temperature Final weight loss rate Activation energy References
Rkt 365~387 84~86 227~254
Poplar alba
[36]
BRUEH P
~ ~ 197~2
Pickled poplar alba 370-389 87-88 97235
et
J‘L*% ﬂ: 347~369 79~85 218~340
Corn stalks
[66]
eSO
Pickled corn stalks 354-370 84-88 225-291
2o yh b BT
Alesestrskin 339~369 78~78 131187
Sweet sorghum stalk residue
[67]
R e e O
lﬁéﬁlﬁ”ﬁmgéiﬂtﬁé . 345~379 83~84 121~172
Pickled sweet sorghum stalk residue
T o
7J§$a%ﬂ 312 64 145
Rice straw
[68]
£y T LT
&{imﬁﬁnﬁ' 333 74 12
Pickled rice straw
A
TP A 336 63 158
Fir sawdust
[69]
AR
4 151
Pickled fir sawdust 346 68 5
2 _
Rice husk 33 66
[58]
Pickled rice husks 362 86 -
.
FEAFIORL ‘1o b )
Raw straw
[59]
TRGERG AT

Pickled straw 325 76 _
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