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How to rapidly monitor starch-to-lipid shift?

Confocal Raman imaging of a cell

+ Pnnciple similar to confocal fluorescence umaging
tor cach pixel
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M % FlLavendam

» Produced by Streptomyces Sp- G324
"™ ; Production:1 mg/L

&

» Biological activities

‘ Antimicrobial activity: MIC, ug/mL

S. aureus S. gallinarum M. smegmatis P. aeruginosa C. albicans
| ATCC 13708 ATCC 9184 ATCC 607 ATCC 27853 ATCC 10231
<0.1(0.16)  1.56 (N/A) 1.56 (NJA) 6.25 (16) 12.5 (16)

Cytotoxic: IC,, ng/ml
( L1210  CCRF-CEM B16 8PS (P388) SKB
0.61 (0.9 X ) 0.48 ' 3.0
| (0.9) 0.00017 (NA) 0.48 (1.1) 1045 (0.06) 0.002S (NIA)

k J. Antibiot 1993 46 1672 J. Med. Chem, 1987. 30 1823

BEBHFT R L PRI R 200X B B4
Bow A bk Sy o BRI BB IS FF A R o

SRS

.:Em@" mﬁﬁm

5N

HEREAF
iﬁﬂ+ﬁ*+ﬁ
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Email: zgqian@ sjtu.edu.cn
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Anna Rising, Ph.D thesis 2007

. KEE (Light)
. s (Swong)

T ( Elastic)
. Wk (Tough)

s 44 ¥ Ch)

4 gA(GPa) M /e
KM & ag13 1539 96230
-i'. = 0.6 18 70
8L % 3iKceviar 5.6 ) &)

R ANylon 6.6 (195 18 a0
_— e

009, 48:3584-3596.

Angew. Chem. Int. Ed. 2
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g » High strength
3. » Biodegradable

" s » Biocompatible

~100 me!

<
Nature 2010, 465:236-238 Nature 2010, 465:239-242.
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-';‘#' 70 360 mg/L Too weak
203 < 3,000 codons Unknawn Unknown
i 100 2% of total soluble protein Unknown

LBl 50 20-50 mg/L :‘:&:":'

. RABUEEASFEBA (~250-320 kDa)
. SEBARRE  HEHIE) 40%

fiber
d4mer fiber
silk

0.7-1.5 15-39 10.2-174 96-230
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A

Optimization

Assembly

L

Drugs

Materials

Energy
molecules

Platform
compounds

nzyme E

ngi

Directed evolution
Esterase ( apAPH) Semu-rall
Rational
Protedse Compulter aid destgn
Rational
Phosphotnesterse Semi-rational
Glycosyitransieruses Directed cvolution
Lipase (Lipl) Semi-rationa]
Lipase (CALB) Semi-rational

Rational

Lipese (FaLipl)
Cellulase Rational

Semi-rationai

Esterase (AFEST)

”

J Biol Chem. 2014 289(11) 79548006
Appl Environ Microblol 2012 78. 6647
1 Am. Chem. Soc., 2010, 132. 10570,

Specificity change 48-fold
[nhanced organic solvent tolerance

Activity increase 10-fold
Activity InCrease 70-fold

Activity mncrease 300-fold
Optimal temperature increase 32°C

Thermostability at S0°C Increase | 3-fold

[hermostability at

75°C increase 5-fold
Activily tpcrease 2 3-i

fold
( reale oW rCas vty

Sensitivity to inhibitor increase 4 6-fold
PLoS One. 2014, 9(2) 289785

Process Biochem, 2012, 47, 2218
J. Biol. Chem. 2012 87(35):29568
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Fluorescence-Activated Droplet Sorting (FADS)

Couple of genotype e ey
and phenotype y
G = -
-
3 _ .
\Jater « e

RN s / \
R ) : / \

water = J

Droplet-based

micro reactor

: (4§
Quantitative meas urement =
Ultrahigh throughput (>10° per day ;
Lowcost(*f 000 less than 96 y at e Seouphput

plates

microfiudics sorting

hyperthermophilic esterase AFEST

From thermophilic archaea
Archeoglobus fulgidus

4
Highly thermostable, &w

(T,

v
Op(—85 OC, Ty,?: gh at 700C) s 4\ /
V )‘
High expression

(3.29/24h in E.coli)

Much higher acti

vity than CALB
( >130 fold for ip

uprofen) AFEST

—
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Evolution of the esterase AFEST :
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Evolution of the esterase AFEST
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Weicoming Workshop for
Professors from Taiwan
4™ August, 2016, Shanghai

Biorefinery: Challenges and strategies for solutions

When flocculated, microbial cells can be
immobllized within bioreactors without

-

“{_’~ consumption of any supporting materials for
=7~ high cell densities to improve productivities,
and their tolerance to various stresses for
producing aimed products at high titers,

Distingulshed Professor, Fengwu Bai

Shanghal Jiao Tong University
School of Life Science and Biotechnology
Email: fwbai@sity.sdu.cn

> 1896: Nanyang Public school
> 1949: National Chiao Tung University

> 1957: Jiao Toung University in Shanghai
» 1959: Shanghai Jiao Tong University

In 2015 (2 campus in Minhang and Xuhui)
» 28 Schools ,
» Full time undergraduates: 16188 |
» Full time graduates: 13841
PhD graduates: 6501
» Faculties: 2793
Full Professors: 890

Member of CAS: 22; Member of CAE: 24
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4. Background

supply (Mt) :
| China'sollcomumpﬁonand ppP 3
| 208 2006 2007 2008 2000 2010 o 2002 03
C slendar year 2004 =
7
Thares w1 299 wus v w8 a3 0 478
constmption
DNmess T g0 189 184 209 207 208
production
fmported ur ue 18 19 (89 U9 13y 251 i .2
5 566 579

Dependemce 0 o,y 305 428 460 5.3 06 68

foreign ol (*¢)

k Everyday, 2-3 tankers, each witha
g  [fuu F shippingvolumoﬂw,mm

are transporting crude oil to feed ‘
m

the thirsty refineries !
10-12% ethanol in fermentation by yeast from conven

tional feedstocks

5.6% ethanol produced

from lignocellulosic
biomass

Advanced biofuel butanol: ABE in total ~2% in which 60-70% is butanol

35



‘Scientifically:
» The growth of cells can be seriously compromised

» Growing cells are difficult to be removed from the systems
» Mass transfer limitation on substrate and product as well

'Economically:
» Consumption of supporting materials
» Preparation of immobilized cells in mass quantity

" » Contamination to the quality of byproducts like biomass
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- » Enhanced stress tolerance

> Cost-effective biomass recovery

i -
H.’mb for stress tolerance O+ ﬁ By 4N
Improvement associated with ¥ [vosy

'Q'Q.ll OMA BNA  Ea

cell flocculation
{q)

f‘
- Y Ean CUted

o (A4
R .-b- v".‘.!'
TG e (AAAEvaNE)

4. Case studies
- Case 1. Ethanol fermentation by self-immobilized yeast

" 1.1. Strain development

(a) Morphology observed under SEM (b) Shaker flask culture

g‘ m
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Fig. 1.3. Continuous ethanol fermentation by the flocculating yeast.
Enzymatic hydrolysate of corn meal containing 220 g/L total
sugars was fed into the system at 0.05 h'

Lab scale
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1.4. Pilot plant
m, corn sugar: 210+10g/L ‘

» Mediu
»Dilution rate: 0.05h"

»>Working volume of bioreactor: 100 m-?

510.5%(vIv)
< 0.1%(wiv)

» Ethanol concentration: 12.

» Residual reducing SUGar:-

» Residual total sugar: < 0.2%(wiv)

» Ethanol productivity: 4~5g L 3h

» Production capacity: ~ 40 t{EtOH) d -

» Yeast recovered by self-sedimentation

» Duration of running: ~12 months

lig. 1.4. Pilotplant of continuous eth
anol fermentation by the fi
occulating yeast.

Commercial ethanol production by the flocculating yeast (200, 000 tiy).
' |
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F Case 3:
Engineering microalgae with the yeast FLO

gene for the flocculating phenotype for biomass recovery

(b) =

>

3.1. The wild-type microalga Scenedesmus obli

. Quus (a) and engineered
with the yeast FLO gene (b) (unpublished)

3?

“YY -
Growing slowly < very long culture time
Non-Newtonian fluid 9 mixing difficulties
Aerobic < high aeration rate

¥

Y ~
(IR
N

L
N 3

# Intensive capital investment and energy consumption
# Cellulase production: Inducible
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Time (h)
yfgnmmcumofzmammm-.
‘subs and inducer for cellulase production. The feeding start




RN AR S E B = R S SR 34 O AU I ST - AR £
A 2L HIERMA OBRETARE LI AT EIFES
l';vlj"}»]fi;ﬂ%”ﬁ 1;‘»14 ; B E_AL e s }a »2%1:“’?@2&?3%0@,
* B F L B BA S A b T3 %A HEIE > d P E R 2
Kb T IR S [ SR S

v B il % (flocculation) t 43 14 %k s PR b 3 Eﬁt%\ s F fm e

%ﬁgéiﬂ ﬁ@°ﬁaﬁi%ﬁ g 1 B2 F R

% FON T

FF 0L AIRLIFTING = 5% kg 4 AP - 8 f 24040 A7
Atk SRRl BEEEARS § e ke & (g 1.2) 0 2k
~ 1 1,000 #g (= #cg s fig. 1.4) mE g as 4 L e 2 200,000

1R B

ol S e T u i N —«dﬁ;‘iﬁi‘ e B2 PEEARE S A Z
moblis (case 2) % & & ¥ 14 (fig. 3.1)

T. reesei RUT C—30 7w ﬁ,z,.f:% 4 & cellulases 90.3FPU/mL(fig. 6) » 3
FaFdh 2 ¢ dEx > 2 41* beta-glucosidase #-glucose % & » it 5 T.
reesei RUT C-30 # i F AT » 2 %%&? iERS s AR R e R o
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d prokaryotic microbial cells, molecular mechanisms
are being explored for developing platforms 1o

) oallg s+ -1~~~ more efficient creduction Fig. 2 Flocculstion of Z mobils.

e (scientine Hunothesis for Basic Research’

OS wreee ¢ L |
§ A () R CERORRES T

“w TR R, BIEHER
Lk | Sk MASTRRENRS S T

4 7 e R R
e R R M £,
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lndus!rlJn:lMi $a5$%ﬁ Emﬁ ;
Crobiology ang Bioprocess Engineerin
N A, T Toce: 9 (IMBE)
A, HRog (Technologica) Innovationg) =
tﬂﬂaauszuumnmw. they
-l ggungg;.l kb TR il ‘%‘:%.:2:;3:‘:‘
Yechnical innovationg arg gy & EY the | i

Process of
nt, tailored cellulasps a.v;: ‘I:W-co.t Praduction, Wm:l.o? me.mm‘g“ — mm:'
tioniseparate hydrolysis and LTI P
Fumnrmon. unit operations will be Integrated for system opwnin'an. and u:h:teconom‘i?an‘mﬂmn
Products. The roadmap is highlightad 1y Fig. 4

» Ennrgy efficiungy 1
* Sugar ylald 4
* Inhibitnrs 4

# Component optmézation
# Titérs ang ProGuctivay 4

*» Kewticn

# Thermo-tofarant »
» nhibitors-tokrant +

# Cloan and energy efficier

lechno-aconaime

Anaryeig and life cyele

¥ Versus petrochemicsl products
# CO, mitigation

ﬂg.l.ﬂmforhbhﬂ-qdﬂwunulcu blomass anc - -~ eoks 1 e 2ddisnsd

A, BRRARRRWA (Novel Technologies a - Commercic .
LR  FAFRT LM ERLBRRELA,
M?ng&nﬁgnauu.n: BRI

m‘mrﬁ.ﬂwg&umnmw kiR,
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Industrial Microbiology and Bioprocess Engineering (IMBE)

A EENHEE (Major Research Grants)

1. AXARHZRSESMA

Key Project of the Natural Science Foundation of China (NSFC)
HEER LLERABMBLENENE~BTO~NRARENRERETY
t:::: 2016501 1 -2020% 1211
£ 3 : UZHEREERAARUERANFREARNARBHARCEERENRREE,
e R
. 3 L3 Tk ]
RN AT RRENS R, PRAERRRANNENERARARRY
Title: Optimization of the seif-flocculation of microblal cells to improve productivities and product titers as
well as for cost-effective biomass recovery with biorefinery; Duration: January 2016-December 2020.
Summary: In this project, the seif-flocculating Saccharomyces cerevisiae and Zymomonas mobilis for
ethanol fermentation are selected as model systems for eukaryotic and prokaryotic microbes, and molecular
mechanisms underlying their self-flocculation and enhanced tolerance to environmental stresses associated
with the morphological change will be investigated. Genes responsible for the self-flocculation of microbial
cells will be mined from the genomes with functional FLO genes identified, and their expression and regulation
controlled at genetic and epigenetic levels will be further elucidated for genetic manipulations. It Is
hypothesized that the improved tolerance of microbial cells to product inhibition and other environmental
stresses is due to enhanced quorum sensing (QS), since the self-flocculation of microbial cells provides
extremely high local cell density, and in the meantime creates a unique microenvironment for more efficient
transport of signal molecules and signal transduction as well, which will be examined experimentally by
identifying signal molecules that mediate the QS process and stress response. At the end, platforms for
engineering microbialimicroalgal cells with the self-flocculating phenotype will be established, which would lay
a foundation for developing novel technologies to improve productivities and product titers as well as
harvesting microalgae cost-effectively as the potential feedstock for biorefinery.

2. AFARHLZESEE (HRME) AfFEKARE

Major International/Regional Joint Research Project of NSFC

FHEZE: EFPERERANTRANESBNZNERGOXRIEA

: 2015410/ -20184£09 )]

§::: &%ﬁliilﬁitlﬁﬂﬁﬂhlﬂ#&hlﬂ- HURNARLPHA, ARFLENRLR. ¥
SEMES. FREASMANREANERSIRXRHEARERA, HRITRAMRERRAL. 2H, ETH
EREREEN A e TRRBHA N, W WLRIA Y GERNES SR, II!_!Q.D.F&!IQ!_
REHZBEFLRE Lo MRFS. RRRGNHER, AR AP ERRANRRNANN - RERZBE NS
HASMEMRERNE R,

Title: FUMONMWMWMMWMW
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Industrial Microbiology and Bioprocess Engineering

. #3948 ( Prof. Dr. Xing-Qin Zhao) .
2008 SIS K AR AL 2007-20005 A th A RN, (D
EHRE

£ 317 1 £ GO LI 5 T R 50 A R A ,
o % wmmnnmxmmmammmum m:tmamj
Fte AL, zmwaa*mxummmw SORN LS
- - prof. Xinging Zhao recolved her PhD Degree at Myongjl arsity, South Kol
- 3006, and worked at the Univorsity of Tusbingen, Germany as a postdoctoral
supported by Alexander von Humboldt Foundation from 2007 10 2009, Her ressarch
icroorganisms by metabolic ering,

focuses on development of Industrial m
has been the principle |

+EFHEA M (Research Interests)
1, MRS TIR B 1 W
Molecular mechanisms of yeast flocculation and genetic regulation
e n-rsn»mﬂn.mﬁma.&mﬁlmsn
Moiecular mechanisms o1 yosst stress tolerance and development
of stress-tolerant stral=s
3. 4% EE AR U THEN®
Metabolic engineering of filamentous fungi and microalgae
KBTI R (Scientific Contributions)
1. R R A R A RER smmmmmmmmn
Gmeﬂcmnﬂdolywtuunoowmmmmmd
microbial stress tolerance by cell flocculation
mmmmaamwnnsu. SHRBOHDORE, B
mESERE KEE, #mnmunsmmmmm.
2. iR E R ﬁlﬁﬁlﬁﬁhﬁﬂi&iﬁﬂ‘i’#’f‘m
amdmwmdancm-smmmwm
metabolic/  Ineering of yeast sl "3 182 genes
L iebel 5 B SR A G R) f S Tl S
gl I A L A iR b 8
1% selected Publical
W. owarc- elici. =

w0 XQ', ong L, Zhang MM, E L
ndaction -am agricultural and for y residues: xploration b,
fasural microorganisms in combi b with advan.. 4 strain engin

Bioresource Jochnology 2016, 215:84 .
FW. Improveu growth and ethin e

.

Zhang
Wd&m”hﬂmdwww
ommaﬁﬁmdm.medmtim
1903-1911,

Zhao XQI, Bai FW. Improvement of

IR HNIE. e S

4. He LY, Zhao XQ', Bai
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Industrial Mlcrobiology and Biopr

%Sﬁt&ﬁﬁl&mni

OCess Engineering (IMBE)

stross defense and energy metabolism in S. cerevisiae. This
feasible strategy to increaso cellulosic etha

! et

0ot e

BPPRI

1. Evalustion of stress tolerance BSETS,
:?Plﬂ and BHO. The yeasts were mum::
without external stress (A), supplemented wi
5 g/L acetic acid (B) and 5§ mM H,0, (C).

BHO, BSETS and BPPR) represent S.

corevisise BY4741 angineerad with the empty
vector, and genes SETS and PPRY, respectivaly.

YCes cerevisiae in the presence
0gy Journal 2045 210 ¢ 9)

preased
strains BY4741/SETS and BY4741/PPR m‘vmwmmm:mvn. e

implicate the Involvement of these proteins In oxidative

work highlights that overexpression of SETS an
nol production efficiancy,

hboms ET)

o u %
Tare (W)
~@-HHOAL e RSITY0

o WPPREE e MO W

. 2. Impact of SET5 and PPRY
Fl:monmlon in tlasks from YPD
s nhmds e,
madium sy bod
farmentation performed in Mlasks

"

~-HIRILO

1 ferm 3]
e with & gll acetic a1
mmm bl -

perfarmance of BSETS, UPPH1 und BHO under various canditions Hevuhts are the mean of iplicale evperiments
Table 1. Ethanol production

Fermentation medium

BHO
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Industrial Microbiology and Bioprocess Engineering (IMBE)

: \;‘ .EEEWFME (Significant Research Progress) "
b;g:htner ;‘ndo:fsﬁcu::; cellulase production by Trichoderma reesei RUT C30 throug |
(o ‘-feed g ynthesized low-cost sugar mixture (Bioresource Technology 2016, 216: 503 4 !
Cellulase is 2 prerequisite for the bioconversion of lignoceliulosic biomass, but s high PO i :
o blawest chekenges for the biorefinery process. In this research, low.cost mixture s rouced & *
lrichodema ngcel Rut‘:'. (':"9 e i g gl o sy .o by
5
s 30. As a result, a cellulase titer of 90.3 FPU/mL, which was more than 10 folds -
actose as inducer, was achieved at 144 h. Meanwhile, cellulase uctivi mﬂeﬂyﬂ o
ncreased to 627.1 FPU/L/h, at least 3-5 folds higher than previously ro;'bomd b th":oh? | Rymwu . crude
:lzyme was further tested by hydrolyzing NaOH-pretreated corn stover with 1:% toll:::otdlng. bl
ucose was released at 96 h, with a sugar yield of 92.6%, which was completely fermented to produco' e
thanol within 24 h. The progress will be commented in the Editor’s Choice in Science -

Glucose
-
- @ -
p-glucosidase v Ge =
@ v » ““':’W g 3
. Cellobiose _ B N analysis a2
o e i e
))‘ 4 ol Productivity g%
pap S 671FPULN | 32
T reesei ‘Genfiobiose  Sophorose, Enefgy saving 3
RUTC30  Mixture of glucose & -
: C titer
p-disacchande (MGD) B
In situ use
od =
0 24 48 T2 9 120 144 168 192 216 240
Time (h)
‘ig. 1. Process diagram for synthesizing the low-cost mixture Fig. 2. Fed-batch culture of T. reesei RUT C30 with MGDS as
vith glucose and p-disaccharides (MGD) and overproduction substrate and inducer for cellulase over-production. Feeding
f cellulase by T. reesei RUT C30 . started around 24 h when glucose depleted.
ible 1 Comparison of cellulase production by T. reesei with different inducers and cul ¥
’ ity =
rain and culture systc . Inducer/carbon source Ps;: ::?" c?;;:m" Sol(-‘:l:lmdn (FPU/L/b) yf"l]‘l‘: (soluble :m References
2 /L MGDS
.,;m RUT €30 and ?, ‘ :,:.L,,d from 287.5 g/l 144 9023 154 627.1 $86 This study
~batch culture ghucose
weesei RUT C30 and 252 g/L cellulose from 284" 57,0 2010 Hendy o al, (1984)
-batch culture hardwood pulp
tant from I. reesei RUT 70 g/L microcrystalline 160 227 1420 Ma et al. (2003}
) and fed-batch culture  cellulose
:;dllll‘l'c.ﬂlud hld,sﬂmm'm 192 8.4 40 Hendy et al. (1984)
\esei RUT C30 and Totally 150 g/L Solka Floc 288 304 106.0 Hendy et al. (1984)
batch culture BW200 b
esei RUT €30 and 333 g/L cellulose, 150 g/L 1416 531 2010
yatch culture with an lactose and 1 g/L lactobicnic 120 17.0 320 2010)
ift bioreactor acid f sad Sahal
tsei C-Sand bateh o o/ jactose P 28 43 ns Lo (1993)
ire
510 Domingues et al. (2001)
wnmcumwms.n.m-‘udl- 150 45 0.88 380
re glucose Allen  and  Andreottd
'sei MCG80 and Feeding S0 g/LIactose st 0028 357 60 164 () e
nuous culture L reported to be 200 FPULD origisal
Wu»mmﬂmwh*m““" =
g s e wded from the calculation of cellslase

¢, since the time with the lag phase was
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5 of poppy seed oll mothyl ex “ Engineoring. Accepted %
2. Mehmood, MA*, M Latil, K Hussain, M Gull, © ' <« pa oo qooi ! '
BChitin binding protein CBP2A from Baci | b v Sy R
chitinases. Protein & Paptide Letters 2015, 22,1). . | T 2

&MUMKMFMI M R “a. Then o namic pronerties of the
A 3 2 cosidase
m’&m marftima extend the upper lir  of th, e, & 0 Proteln & me'm«

4. Mehmood, MA®, K Hussain, F Latif, MR Tabassum, M Gull, $8 Gill, * saqib, Z igbal. Synergistic action of the
antifungal fchitin binding protein CBPSO from Bacilus thuring ensis with bactarial chitinases. Current
Proteomics 2014, 11:23-26 ;

5. Chen, Y, F Wang, J Xu, Mehmood, MA and X Xiao. Physiologics! < evolutionary studies of NAP systems

in Shewanella piezotolerans WP3. The ISME Journal 2011, 5: 84. .

6. Ke, X, X Tang, Y Gal, Mehmood, MA, X Xiao and F Wang. Molecular characterization of cold-inducible fi-

actosidase from Arthrobacter sp. ON14 isolated from Antarctica. Joumal of Microbiology and

2011, 21(3): 236-242,

X Xino, FY Mafeez, Y Gai and F Wang, Molecular characterization of the modular chitin

Imﬂmmm,mumm-mmm

8. Mohmoad, MA, Y Gai, Q Zhuang, £ Wang, X Xiao and F Wang. Chitinolytic system of Aeromonas cavise
;8101 co .w-wwbv-mbmwmmw.mmmmm

X Xiao, FY Hafeez, Y Gal and F Wang. Molecular characterization of an endochitinase
m subsp mm‘mfoummumwmmwmmm
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> Graphic abstract

Iris minutogurea

8 COD=60.12mg/L, |
TN=3033mg/L
NO, N=1121mg/L |
NH,--N=20 umg/L,
TP=5.01mg/L

(
TT"U Ly

WOl S HIT(126°40'E, 45745'N), Harbin,
S MNortheastChina.

2 ®microcosms (diameter of 30cm,
height of 40¢m), fillod with
gravel(particle diameter=10mm a
depth of 15¢cm) and CW sedi

L dtpth aof 10cm).
| 2016/8/6 @ HAAZTLT GO 2
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visual and Raman spectroscopic
observations using fused silica capill
reactor technique

Zhivan Pan #% &

E panzhiyan@zjut.edu.cn

Department of Environmental Engineering
Zhejiang University of Tec
il L
2016.
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Fused Silica Capillary Reactor (FSCR)
Measurement of solubilities in FSscr
Supercritical water oxidation in FSCR
Depolymerization of polyester

Determining the volume exXpansion

Summary

Raw materials

The FSCR prepared was insertod
Into the sample chamber of the
USGS-type heating-cooling stage,
where the temperature could be
controlled and maintained by
continuous Now of heated air,

and read by a K-type

: :‘\‘.'Hlll‘xl L'(N)llrlg Sl&l}lk' of USGS lhermocuuplewhhun necuracy

Raman Spectroscopy
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Solubility of ethanol in SC-C O, with FS¢

T
——

10 Supercribical {
thanol is shown at the right end of the | 1

microscope.

_m-

merization of pul)\'.u‘h(bn;lll'("( )

o =
ot o 10 O + a0y

wphs of PC o water I FSCR1 and FSCRe
renl reaction tis 1t 200 C, and (o) coolir
stalyst was pre mn FSCRT and oot in

~(n) heating

oolir hermal schedules wory
2014, 4: 1999219998

-0
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A'new method for determining the volume
expansion factor of CO, + Petroleum model
compounds

@ The traditional methods for expan-

@ A new method for determlnlng v
expansion of CO, + pPetroleum r

compounds

Enhanced oil recovery(EOR)

= CO,;injection has been widely accepted as an effective techniqg
enhanced oil recovery (EOR) used by the oil industry since 19
Injection of CO, helps lower the viscosity of crude oil, reduce it
interfacial tension, increase its mobility and cause oil swelling
reservoirs which improves oil recovery. Meanwhile, this i
cffectively reduce greenhouse gas emission by permaner
CO, in geological formation . As the basic data of CO.
volume expansion of CO,; + organic(s) systems have |
the past decades with fixed or variable pressure - v«

temperature (PVT) methods.

Raman spectroscopy

 Laser

& |

Heating-cooling stage

natic diagram of CO, + petroleum model compound

CADPANSIONn meas
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Future work

\ new method using a fused silica capillary reactor (FSCR)

combined with heating-cooling stage, pressure generator, equilibrium

kettle and Raman spectroscopy has been applied to in-situ measuring
C O, solubility in bring '

I e schematic diagram of CO. solt
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