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Table 1 Comparison of the characteristics of biodiesel production from different raw materials'>""

13]

Raw materials Advantages

Limits

Animal and vegetable oils

Industrialization has

been achieved

Catering waste oils

Microbial oils
(algae, methane oxidizing

bacteria)

Developed earlier,

Wide source and low price

Significant effect on greenhouse gas

emission reduction, Good microbial

Occupying farmland, Causing
impact on food supply and

environmental pollution

Unstable nature of biodiesel products,

Serious environmental pollution

In the initial stage, the process

is not mature

stability and high oil production
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Fig.1 Metabolic pathway of methane oxidizing bacterial''*’
MMO: methane monooxygenase; MDH : methanol dehydrogenase; FDH: formate dehydrogenase; H,
MPTP ; methylene tetrahydromethanopterin pathway; MtdA: methylene tetrahydromethanopterin de-
hydrogenase; H6PI; hexulose-6-phosphate isomerase; GPI: glucose phosphate isomerase; G6PDH
glucose-6-phosphate dehydrogenase; 6-PGDH . 6-phosphogluconate dehydrogenase; H6PS: hexu-
lose-6-phosphate synthetase; STHM: serine hydroxymethyl transferase; HPR: hydroxypyruvate re-
ductase; MD: malate dehydrogenase; MTK: malate thiokinase; MCL: malyl coenzyme A lyase
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TR SRR AR JURP R UL AR R TR SR 8 EL 22
FIEEA (R 2) . Hrh PFEHOR A Ry U 2
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Table 2 The performance comparison of several common gas fermentation reactors

Reactor type Working principle Advantages Limits References
U-Loop The pump transfers energy Equipped with static mixers Thefluidbecomesmore  vis- [21]
reactor to form a circulating flow of and heat exchanger for high cous as the biomass con-

fluid within the reactor gas-liquid mass transfer centration increases, it in-
rate and heat removal rate creases the pumping costs
associated  withcirculating
the medium in the legs of
theU-loopreactor, decreases
the mass transfer rate of ox-
ygen
Continuous Maintaining a high stirring The high stirring rate accel- The shearing force caused [20],
stirred  tank  rate bytheimpeller, large- erates the bubble breaking by high stirring rate reduces [22-25]

reactor

bubbles are decomposed in-
to small bubbles to increase
the surface area of the gas-
liquid mass transfer inter-

face.

efficiency and increases the
effective mass transfer area
at the gas-liquidinterface;
The slow rise rate of finer
bubbles prolongs the reten-
tion time of the gas sub-
strate in the medium and
increases the mass transfer

rate.

the viability ofmicroorgan-
isms; the energy consump-
tion is large, which is not
conducive to industrial ap-

plication
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Reactor type Working principle Advantages Limits References
Bubblecolumn The gas passes from the Simple structure ; Lowcost; Prone to liquid dispersion [22-23],
reactor bottom of the tower through Low operation and mainte- and bubble coalescence [26-28]
the gas distributor, disper- nance; Low energy con-
ses into bubbles and rises sumption; Can be used in
in the liquid, separates high pressure operating sys-
from the liquid at the top of tems
the liquid layer, overflows,
and finally drains from the
top of the tower; Liquid is
added from the top of the
tower and flows out from the
bottom of the tower
Airlift reactor Divided intoupflow zone Simple structure; Low cost; For liquids with strong sur- [22-23],
and downflow zone. The gas Easy to clean and repair; face activity, a large super- [28-29]
enters the reactor from the Low energy consumption; ficial gas velocity will result
upflow zone, forms a circu- Small shear stress in a large amount of foam,
lating flow of liquid due to which will cause difficulty
the different density be- in separation.
tween the two zones
Trickle bed The liquid passes down Gas-liquid flow close to the Radial heat transfer differ- [22-23],
reactor through the packed bed, plug flow; High conversion ence; Prone to channeling, [30]

Biofilm reactor

the gaseous substrate passes
concurrently or countercur-

rently

Themicroorganism grows in
the solid phase containing
the culture solution to form
a biofilm, the gas bottom
stream passes through the

biofilm

rate; Liquid membranous
flow; Low gasdiffusionresis-
tance; Small liquid holding
capacity; Less pressure
drop; The bed operating
pressure is relatively uni-

form;

Atmospheric pressure oper-
ation; Low energy consump-

tion

short circuit

Prone to block; Poor mix- [23], [31-33]

ing performance

W RS i S /N R S, 38 A% B B T T
FRET RN, 3 BEE Sl B ey B B0 3 46 T Rl 2 %ot
1l Rl 1 el [ [ N S L 2 WL i 26 g N O
TINBAR T R RS S I A 7= 1 26 B AT AT )L EL-
lenberger 25! % $W AE 8% W £ [ )V %% ( Bubblecolumn
reactor) 11, Y& IR AF RN 7 (40~ 120 Hz) 1Y
TE LT AR 2 =R A RS 40% ~50% , £

AR IESIRAE . Sheets 52> B IPKE I T PR SN 4%
(Trickle bed reactor) I FH T F g S8 Ak B A 7= H s 119
58, i, Zha S50 4R G SRR B R G
H S I REAL AR IBORL , 1 2 BE Ak 44 K JB0RE 1 A
SR ST LI iE Ve

H AR BT, VAR AR s W5 /N LA
M. trichosporium OB3b NHFFE X%, 22l Us i i
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WG R, AR R, A0k T i 3~ 4
5. Henry * $RiE % 5 7 ( Na-EDTA ) fif &2 2 {2 i/ /!
Be A AL TR = 0 r A AR IR BE Y ETDA
BRI REI T o BASE B A 2E K. & B Mg™
AJ LASEIE Methylocystis sp. GB 25 H PHB AYFLZE*)
AT BB T T B i - A A0 B Uik B SR Ak
H B

TESCER A R, RV 1) B SR IR R A — 26 4
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i (H TR 2R T 3k SE 78 i vl e 23 i Toll
oA i B TG G, 45 B BT B ORI AL T 5
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1 FiiFid B o AN E AP o
3.1.3 R Rt BRI E B BN R
f4% pH | R | WA W BE S SIS, pH 2
WA RS RA B R RN R 2 —, ST
VBTV 52 S W AR BT . 2RO B Ak TE
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X} M. trichosporium OB3b W)} 3% 547 T L F
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ST R BCE R XTIV o, y
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R FHRSS A0 T B B BB L AL LR (AR AR
fE. MR, FRRTUAC RS, ZALE AT, (HRR1Y
TS HE T A FRBELS. Ay 1 ) B Ak 3 % A= )
JET K fffie 1 FTR A 3 FL A A B RE T, Dong B
G/ — 2R 0 B R A AR AL B 4514 R . 150 C
N 19%NaOH, 2%H,S0, 4354 B 5 min. B B i
Ab R e B F A FLIROE K, AR B O 5 TR

AHLERTE 2 MOKH P Bg ok, 79 2 b s iRk
AL 100%. LC-MS 73K 275 J5U iy A= 90 5 b 64 i 5k
WERE, P B IS, LT TR B RE A
TR, W HEA T R DL e S5Ok

#R I FLZEHL( Supereritical fluid extraction, SFE)
S FiH 24 S AR B R R R T A 4
W, SFE MRS TR T LA CO AT 5
AR R IR 5 A5 CO, 2y W bR 2 (A5 g oz 14 1]
AR Ty AB AP AE R, VA ety 790 A 155 10
T, #im A CO, BARM MR P e sE 1 HXE i o i1 4
ICRAT e, Al SFE 7ETi %S F e S8k i
R AR PR S, R R R FEAE . Soh %1
SFE X Ge S A I AN [RI 2 LAY IR e A TR B,
K=FHAU N 60%. 4 SFE PLAb -G T bt AL TE
(B R BGAAT FEFSE. Toribio 45 F Y EE R MY
CO,XF F R A B P IR 2R A7 i A B, 5 1
I AR BT BRI I Tk 1) T SR
PR T K B BR TR 1% . Spence 251 R F & S5 A I 5
AICRAZS A 1 7 0] B S8 Hh 10 52 5 iR BTt A7 42
YR, PR IBCHT R it EA T ) BRI B0 Ao B g G o
I3 RE S E i B T S I, SRR S35k
BT 86% 1 70%. 73 A B A B BERN Cu® ¥R JEE 2
XoF P IO B B A A A T i 5 T B2 BB I 1)
25, Cu® ¥R BE 5% Wi 42 BUIE 9 /9 500, Burdette' ™ DA
Type | Methylomonas methanica HHFFEXT 4, 5 A&
25 CHp=Yyrp g iR R (C16 = 1) & B fr,
7 30 1 33 CHY & 8B B AL, Co™ RN 5 wmol/
L SRR B (C16 = 1) =i die . fE 2L KI5
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Fri AR, [DE T T RN T HOR 8 A FI
PR JIAMETA A TR v RSN AR BT 2H R A T 4 T
FAE, WA R AR B ORI THOR | 52 oLAg BT
G ESHIGIN A
322 InEME  BUEYIREUS AT TR E
R I ) B R 2 S A s o v i S i AR
i, XA HCHEA S TG E | RPVE . R R AR AN A
Ji"* . Bio-GTL e — 25 2 4 A H g S T 2
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Fig.3 The mechanism of hydrodeoxygenation pathway of 2-ethylphenol over a CoMoS/Al, O, catalyst! ™!
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High Density Culture of Methane Oxidizing Bacteria and

Its Application in Biodiesel Refining

LIU Feng-yuan', XIN Jia-ying' ** , SUN Li-rui', ZHANG Hong-di', MA Hui-lin",
SUN Yi-nan', XIA Chun-gu’
(1. Key Laboratory for Food Science and Engineering, Harbin University of Commerce, Harbin 150076, China;

2. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics
Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract; Natural gas is one of the most abundant energy sources, but it has not been reasonable used since it was

limited to exploration, transportation and configuration. Energy crisis and environmental issues have promoted the

development and utilization of biomass energy. Methane oxidizing bacteria are a type of bacteria that grows with

methane as the sole carbon source and energy source, has the potential to refine biodiesel. The research progress on

high density culture of methane oxidizing bacteria and the deep processing of biodiesel in recent years was re-

viewed , the technical problems such as mass transfer and reactor design, strain culture, lipid extraction and hydro-

deoxygenation in highdensity culture and deep processing of biodiesel were commented. The corresponding solution

and the development prospect were proposed.

Key words: methane oxidizing bacteria; high density culture; refining; biodiesel



