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Low temperature plasma technology for biomass refinery
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Abstract: Biorefinery that utilizes renewable biomass for production of fuels, chemicals and bio-materials has become
more and more important in chemical industry. Recently, steam explosion technology, acid and alkali treatment are the
main biorefinery treatment technologies. Meanwhile, low temperature plasma technology has attracted extensive attention
in biomass refining process due to its unique chemical activity and high energy. We systemically summarize the research
progress of low temperature plasma technology for pretreatment, sugar platflow, selective modification, liquefaction and

gasification in biomass refinery. Moreover, the mechanism of low temperature plasma in biorefinery and its further
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development were also discussed.

Keywords: biomass, low temperature plasma, biomass refinery

21

2)

[1]

[5-8]

[2]

10 000 K
300-500 K

1 MESEFTFRENFTEREA
1.1 EYRMKESEE FIRfaE

http://journals.im.ac.cn/cjben

[10]

1)



TR FEESEBFEEMERGHER 745

x1 FETHREMNTREE

REMRRRELFEERESR

Table 1 Plasma particle energy and chemical bond energy of biomass

Particle

Energy (eV) Chemical bond Energy (eV) Chemical bond  Energy (eV)
Free radicals, excited atoms/ K=0.01-0.1 C-H 3947 c-0 0.95-3.0
molecules E=5-10
Ton 1-100 C-N 2.9 C-C 2.6-5.2
Electronics 1-100 H-O 3.4-5.2 C=C 3.3-7.5
Ultraviolet rays 5-20 H-N 2.1-4.7 C=C 8.4
C=0 5.5 0-0 1.6-2.5
CO, +-CHO
O T OH
I [
[11] - C-COOH+H,0 O=CH-CH-CH,—- +H,0+CO,
to- to-
OH OH
Il | |
- CH, - C-OH+0O=CH-CH-CH,~ CHw»+
fo
(0] OH OH
[ I |
- CH,- C-CH, - CH- CH,— CH»
( D to-
—CH,—- CH - CH, - CH — CH, - CH~~
[ [ [
.OH -COOH OH OH OH
lo
~CH,- CH -CH,- C - CH,- CH -
[12-13] | [ [
OH OH OH
o
10—100 (”)
~CH,~CH -CH,~ C - OH+ ~CH,— CH -
| [
OH OH
1o
N, 0.5 L/min 0O
l
200 W 30s -CH, - C-OH
10.7%
Nadja U o, 1 O, BE TS AR LR
Fig. 1 Oxidation reaction between O, plasma and
biomass!"*.
95% 78%
52%

cjb@im.ac.cn



746 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech May 25,2014 Vol.30 No.5

[16] [17] [15] [22] [23]

Sc4126

12 E£YERMIKESE T IREXMERESE

(18]

H+
H+
24-28
c-0 PR 2)
(ol -OH
+ [29]
C -OH
H+
H Cell-O Cell
OH H,O
[19-20]
Contact —> Active —> Reaction —Modification
2h | ‘
50% Effects (Changes (Features Function
2] Chemical||Functional Porous Glue sex
759.4 kl/g Physical ||groups Wetting Hydrophilic
Additive ||Crosslinking || Adhesion ||Spinnability
Clean Crystallization || Surface Dyeing
Free radicals ||tension Conductivity
Etching Roughness ||Medical
Grafting fitness
"""""" N A A y,
1.3 E£MRMEZFIREE o

2 HYMREFBKEES TR
Fig. 2 Modification of biomass with low temperature
plasma.

http://journals.im.ac.cn/cjben



TR FEESEBFEEMERGHER 747

[29]

[30]

1.4 HEYRMEFESFIRBNL

[31]

[32-33]
[34]
400-430 C 50%
[35-36]
H,” H

(@) CH3 Csz C2H

15 E¥YRMESFERSK

[37]

[38]

[39]

( )
[40] [41]
0.11 g/s
H, CO 95%
93% (421
H, CO 98%
H,/CO 0.85
H, CO 96% H,/CO
0.90-1.15
100%
431 2009

(Waste Management)

InEnTec InEnTec
3
1000t
Gomez 4
100 /t
60% (60 /t )

cjb@im.ac.cn



748

ISSN 1000-3061 CN 11-1998/Q Chin J Biotech May 25,2014 Vol.30 No.5

(COtHy)
N S
CO, CH,4

2 MEFETRENFEHEE

113 LR

[36,45-47]

http://journals.im.ac.cn/cjben

No reaction gas

Electronic
Ton

Free radicals
Excited state
molecules
Gaseous product Excited atoms

Photon
L:Collision, adsorption, ultraviolet
Biomass

polymerization, depolymerization

Electron—Gas— Plasma (particles)

3 REZEBFHREMRES RE
Fig. 3 Mechanism of bio-refinery with low
temperature Plasma.

2)

3)

1-10eV

2009
863

[48]



TR FEESEBFEEMERGHER

2 MW

30% 50%

1))

2)

3)

4)

5)

REFERENCES

[1] Chen HZ, Ma LT. Breakthroughs in key
technologies and prospects of the biomass industry.
J Eng Stu, 2012, 4(3): 237-244 (in Chinese).

s

- , 2012,

(2]

(3]

[10]

4(3): 237-244.

Song CL. Method of hydrolyzing corn stalk into
sugars with micro-stream discharge plasma [D].
Dalian: Dalian Maritime University, 2010 (in
Chinese).

[D]. : , 2010.

Jiang N. Low temperature plasma research in China
( I). Physics, 2006, 35(2): 130-139 (in Chinese).
. (D). ,
2006, 35(2): 130-139.
Boyd TJM, Sanderson JJ. The Physics of Plasmas.
UK: Cambridge University Press, 2004: 7—-10.
Hyun-Ha Kim. Nonthermal Plasma Processing for
air-pollution control: a historical review, current
issues, and future prospects. Plasma Process Polym,
2004, 1(2): 91-110.
Zhang LH, Xu CB, Champagne P. Overview of
recent advances in thermo-chemical conversion of
biomass. Energ Convers Manage, 2010, 51(5):
969-982.
Yang Y, Huang BC, Ye DQ. Surface modification
of porous materials by non-thermal plasma. Chem
Ind Engin Prog, 2008, 27(11): 1760-1763 (in
Chinese).

, 2008, 27(11):
1760-1763.
Chen HZ. Process Engineering in Plant-based
Products. New York: Science Publishers, 2009:
67-107.
Meng YD, Zhong SF, Xiong XY. Advances in
applied low-temperature plasma technology.
Physics, 2006, 35(2): 140—146 (in Chinese).
, 2006, 35(2): 140-146.
Qu YB, Wang LS. Recalcitrance of biomass and
the scientific aspects of bio-refining. Chin Basi Sci,
2009, 11(5): 55-58 (in Chinese).

, 2009, 11(5):
55-58.

cjb@im.ac.cn

749




750

ISSN 1000-3061

CN 11-1998/Q Chin J Biotech May 25, 2014

Vol.30

No.5

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Chen HZ. Gas
Biorefinery. Beijing: Chemical Industry Press,
2013: 8-9 (in Chinese).

Explosion Technology and

,2013: 8-9.
Tian LQ, Lou SF, Shi YJ, et al. Pectinase scouring
of cotton fabric combined with atmospheric
pressure plasma pretreatment. Dyeing & Finish,
2012, 38(16): 1-5 (in Chinese).

- . , 2012, 38(16):
1-5.
Tian LQ, Nie HL, Chatterton NP, et al. Helium/
oxygen atmospheric pressure plasma jet treatment
for hydrophilicity improvement of grey cotton
knitted fabric ~ Appl Surf Sci, 2011, 257(16):
7113-7118
Nadja SJ, Zsofia K, Anna BT, et al. Plasma-assisted
pretreatment of wheat straw for ethanol production.
Appl Biochem Biotech, 2011, 165(3/4):1010-1023.
Chen JR. Application in Textile Printing and
Dyeing of Plasma Cleaning Technology. Beijing:
Chinese Textile Press, 2005: 57-69 (in Chinese).

.
. : , 2005: 57-69.

Li HP, Li G, Bao CY, et al. The breeding device
using atmospheric pressure temperature
plasma: China, Z1.200820079382.1. 2009-01-28 (in
Chinese).

low

> s >

, Z1200820079382.1.
2009-01-28.

Li Q, Zhao XQ, Kim JS, et al. Comparison of three
approaches to breed industrial Saccharomyces
cerevisiae strains with improved ethanol tolerance.
Chin J Biotech, 2013, 29(11): 1672-1675 (in
Chinese).

s , Kim JS,

2013, 29(11): 1672-1675.
Song CL, Zhang ZT, Chen WY, et al. Converting
cornstalk into simple sugars with high-pressure

http://journals.im.ac.cn/cjben

[19]

(20]

[21]

[22]

[23]

(24]

nonequilibrium plasma. IEEE T Plasma Sci, 2009,
37(9): 1817-1824.
Song CL, Zhang ZT, Chen WY, et al. Splitting
reaction of corn stalk powder in discharged plasma.
J Chem Ind Eng. 2009, 60(8): 2046-2053 (in
Chinese).

, 2009,
60(8): 2046-2053.
Song CL, Zhang ZT, Bai MD, et al. Technology of
producing sugar from solid corn stalk powder by
tiny disemboguement discharge under
environmental-friendly conditions. Mod Chem Ind,
2008, 28(7): 39-42 (in Chinese).

5 5 s

, 2008, 28(7): 39-42.

Cui HW, Du GB. Advances in plasma modification
of wood. World Forest Res. 2008, 21(1): 51-55 (in
Chinese).
, 2008, 21(1): 51-55.
Zeng XM, Xiong JY, Zhou L, et al. Research
progress of low temperature plasma on preparation
of modified starches. Sci Technol Food Ind, 2012,
33(10): 442—444 (in Chinese).

, 2012,
33(10): 442-444.
Mei CT, Zhou XB, Zhu KA, et al. Interfacial
modification of rice straw-HDPE composite with
plasma treatment. J Nanjing Forest Univ: Natl Sci
Ed, 2009, 33(6): 1-5 (in Chinese).

/ .
: , 2009, 33(6): 1-5.

Yang XH, Tang LJ, Zhang R, et al. Review on
progress of crop straws surface modification. J
Nanjing Forest Univ: Natl Sci Ed, 2013, 37(3):
45-50 (in Chinese).

> > s



TR FEESEBFEEMERGHER

(25]

[26]

(27]

(28]

(29]

[30]

[31]

[32]

[33]

, 2013, 37(3): 45-50.
Yu HY, Liu LQ, Zhao QT,
modification of polypropylene

et al. Surface
microporous
membrane to improve its antifouling characteristics
in an SMBR: air plasma treatment. J] Membr Sci,
2008, 311(1/2): 216-224.

Arpanaei A. Winther Jensen B, Theodosiou E. et al.
Surface modification of chromatography adsorbents
by low temperature low pressure plasma. J
Chromatogr A, 2010, 1217(44): 6905—6916.
Fernandez A, Thompson A. The inactivation of
Salmonella by cold atmospheric plasma treatment.
Food Res Int, 2012, 45(2): 678—684.

Yu HY, Xie YJ, Hu MX, et al
modification of polypropylene

Surface
microporous
membrane to improve its antifouling property in
MBR: CO, plasma treatment. J Membrane Sci,
2005, 254(1/2): 219-227.

Chen HZ, Fu XG. Material refining technology
system for fermentation industry. Biotechnol
Business, 2013, 1: 1-5 (in Chinese).

,2013,1: 1-5.

Chen HZ, Qiu WH, Xing XH, et al. Development
of the biomass material refining process for the
next generation biological and chemical industries.
Chin Basi Sci, 2009, 11(5): 32-37 (in Chinese).

> s 5

, 2009, 11(5): 32-37.

Lu RR, Shang H, Li J. Research progress on
biomass pyrolysis technology for liquid oil
production. Biomass Chem Eng, 2010, 44(3):
54-59 (in Chinese).

, 2010, 44(3):
54-59.
Lupa CJ, Wylie SR, Shaw A, et al. Experimental
analysis of biomass pyrolysis using microwave-
induced plasma. Fuel Process Technol, 2012, 97:
79-84.
Denes FS, Manolache S. Macromolecular plasma-

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

chemistry: an emerging field of polymer science.
Prog Polym Sci, 2004, 29(8): 815-885.
Zhang CM, Liu RH, Yi WM, et al. Experiment on
plasma pyrolysis of corn stalk for liquid fuel. Trans
Chin Soc Agri Machine, 2009, 40(8): 96-99 (in
Chinese).
, 2009, 40(8):

96-99.
Wang QY, Gu F. Biomass liquefaction by dielectric
barrier discharge plasma. Trans Chin Soc Agri Eng,
2010, 26(2): 290-294 (in Chinese).

. H
. , 2010, 26(2): 290-294.
Wang QY, Gu F. Mechanism analysis of
multiphase mediums interaction of solid fuels
liquefaction by dielectric barrier discharge plasma.
J Southeast Univ: Natl Sci Ed, 2010, 40(4):
800-804 (in Chinese).

, ¥ DBD
. , 2010,
40(4): 800-804.
Gao NB, Li AM, Qu Y. Review on biomass
gasification and its influencing factors. Chem Ind
Eng Prog, 2010, 29: 52-57 (in Chinese).
, 2010, 29: 52-57.
Tang L, Huang H. Biomass gasification using
capacitively coupled RF plasma technology. Fuel,
2005, 84(16): 2055-2063.
Steinberg M. Conversion of fossil and biomass
fuels to electric power and transportation fuels by
high efficiency integrated plasma fuel cell (IPFC)
energy cycle. Hydrogen Energy, 2006, 31(3):
405-411.
Wang Q, Yan BH, Jin Y, et al. Investigation of dry
reforming of methane in a dielectric barrier
discharge reactor. Plasma Chem Plasma Process,
2009, 29(3): 217-228.
Wu AS, Nie Y, Sun YP, et al. Gasification
performance of cellulose in horizontal plasma jet

reactor. Chem Eng, 2010, 38(12): 80-84 (in

cjb@im.ac.cn

751




752

ISSN 1000-3061

CN 11-1998/Q Chin J Biotech May 25, 2014

Vol.30

No.5

[42]

[43]

[44]

[45]

Chinese).
, 2010,

38(12): 80-84.
Zhao ZL, Li HB, Wu CZ, et al. The study on the
plasma gasification of biomass. Acta Eng Solaris
Sin, 2005, 26(4): 468472 (in Chinese).

. , 2005, 26(4): 468—472.
Ed Dodge, Tan YJ. Plasma gasification and its
application in municipal solid waste treatment.
Chin Environ Protection Ind, 2010, 10: 59-61 (in
Chinese).
Ed Dodge,

. , 2010, 10: 59-61.
Gomez E, Amutha Rani D, Cheeseman CR, et al.
Thermal plasma technology for the treatment of
wastes: a critical review. J Hazard Mater, 2009,
161(2/3): 614-626.
Bai XY, Zhang ZT, Bai MD, et al. Non-equilibrium

plasma chemistry at high pressure and its

http://journals.im.ac.cn/cjben

[46]

[47]

(48]

application. Physics, 2000, 29(7): 404—410 (in
Chinese).

, 2000, 29(7):
404-410.
Chen JR. Low Temperature Plasma Chemistry and
Its Application. Beijing: Science Press, 2001: 7-14

(in Chinese).
B
,2001: 7-14.

Itikawa Y. Molecular processes in plasmas:
collisions of charged particles with molecules.
Springer Berlin Heidelberg, 2007: 155-185.

Wu CN, Yan BH, Zhang L, et al. Analysis of key
techniques and economic feasibility for one-step
production of acetylene by coal pyrolysis in
thermal plasma reactor. CIESC J, 2010, 61(7):

1636—1644 (in Chinese).

5 5> s

, 2010, 61(7): 1636-1644.
(RICTeHm BT



