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Fabrication of two-dimensional porous CdS nanoplates decorated with C3N4
nanosheets for highly efficient photocatalytic hydrogen production from

water splitting
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1. introduction

Effiien ransormation of sola energy nto clan chencal fcls s
of sreat sgnificance for future civization. For such a gol, the pho-
Tocatalytc evolution of hydrogen by means of wate spliting s sudicd,
espeialy over nanomaterial [1-31

Cadmium slfide i incxpersive and casy o synthesize. Asan 1-V1
seniconductor, it s stractive fo water spliting because s band gap
24,6V allows efficient bsorption of visible ight and th potenils for
the rduction and oxidaton o wate i within s band s (151, S0
far, CAS of diferent morphologies wee developed for wate spliting,
including quancum dots (QDS) (-1, nanorods (NK) and nanowires
NWS)112-17] as well s thos of three dimensional structures (19 In
seneral, CaS by islf dos not perform wel under visibe igh i
dition, and the creation of heterojunctions betwen CJS and  seni
conductor o diffrenkind 52 promising way t0 achive saistactory
acivity. For that end, various CS bosed materials were studid for
photocatalytic wate spliting, Recenly, we fabicatedone-dimensional
(1D) CaS decorated with MS. (M = Mo, W) nanosheets that are cff.
cent in water spliting 115,151, On the bass of the resuls, we en
visged tht the use of two-dimensional (2D) CAS nanomaterils could
resultin even better pertormance

Carbon nitrde (N9 is a wellnown photocatalyst ith 2D
layered strucure. Th optial b gap o this rganic semiconducior

repenins it
i chenons . Ch, i o .. Vi

R 3 M 2017 R i eed o 27y 301, Acpted 20y 3017

bt e 2 My 17
et b aN—

was determined to b 27 eV 119, Over Ca it s possible to enerate
ydrogen and oxygen rom wate spliting under visble light imadia-
tion (2025 The performance of Gy, nanosheets in photocatalysis
and biosensing i attributed to the large surface arca and charge
transier abilty of the mterisl, 1t was demonstrated that he photo-
catayic ccviy and viile lght response o N can be cffecivly
improved through the addliton of a suiable semiconductor nanoma-
teral 124-29],

‘Comparing the band-edge posiion o S with that of CA\, it i
ealzed that the photogenerate letrons in Ca can raste 1 CIS
whie the corrosive photogencrated hoes n S can readily move 10
¥, achicving high sepaation rac of photogencratd charge carriers
s esul.Desite the many reports on CS-CaN. compasites (30-31),
the couplng of 2D CdS with C:>Ns nanosheets for photocatalytic hy.
drogen production.from water spliting has never been reported.
Hrein, we report the coupling o 2D porous CdS nanoplats with CNo
nanoshets by  twostep method 1o generate CS/C.No heterojnc
tions. The s prepared CS.C.N composics exhibit excelent actviis
under visble lght 0. = 400 nm). The e reltions between per.
formance and physical property ofthe composies were studid i the
contextof hydrogen gencration rom ater splitin.
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Measurement and Correlation for the Solubility of Adipic Acid and
Succinic Acid in Glutaric Acid + Cyclohexanone and Glutaric Acid +
Acetic Acid Mixtures
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1. INTRODUCTION

Adieacd (), g i (GA), and s acd (S,
i parant b s (DBA), ot videly sd o rodcng
oy, rehans, ecicdes, pramsceicds nd b,
e, forth. sy, AN was ol obained by
e oitonof cloliinens sd cplobeano] (Ao with
e it i st [+ 3 comples procss, dihaging
masioe podans such 1 NOx g which efd i seios
envconmena puluion " Therdore, it s recesy o
eviop in oty Giendy rocss o h prodcon
o AN wih igh poduciiy.Recenty, & s repoed hat A
ol be abhined rom th aduton, of lobanene b st
o oaygen vihout prdcing NO'S b which acic st
A s w3 e e, A s i prodoc,1nd GA.
and SA odd I prodoced i a5 e i e prcs,
Sequentily b e (A, GA, SA) e pused o
e i o BAc + cpdohenone. To oban the pure
products fom the secton optes, eyl s wnaly
Lioyed 10 sepurte the producs ' Thesfore, the
tminaton o ity of e eescd i seacion e
‘nened ot o be  fondamentl equement,
Rocenly most e sl of A, GA, nd SA i some
e coriig ehexnone 1 BA v b seporied
i the Errure - The solcliy of AR in ydobemnane,
HAc, ccapulicone + cydohensnons. mixues, HAC ©
lobeinane mieuee, dolennane + cydaberol s
e, pldhnsnone + cplobenne e, ydobersne ¢
eloheunone + cherana mixtues, HAC +  ctpralcone

G ACS Publications < eesan et sy

s, HAC + 10 mixues, and fAc + crdohemaol
e has b essred by rany s The
Soliblry of GA in vesous sevent e ich 35
e, HAG, HAc + cpdoheanone nisvses ydehenne »
rhesnane mitures, cploheinane + croshessnl
s, ccahessmol + cechessnone + dapese e
and e+ 1,0 e s b soied a1 A,
e sibikty f $A In cpdohenanone, BAG, cylbessnone +
pioheanal mixviss, BAE + O misure, snd HAC +
Fhesine mistuesFas e s ™ dion, i
(G a4 sefen, e sy of S and A i vasos mied
ol cntaiing GA it e epota sceny, Wang et
messed e sy ofSAin A+ GA.+ sctone i
Lt . seserched the bty of A and SA i GA + o
it 5 GA + e butmol it

o Tarehee repord, t ws fond it e
sl of G i vaous svent o misd vt v
g han th ey of A tnd S i the e condifions
i the “odd-een et phanoranon * Theefc, = e
actulsld-Sud el for AA, G, and S i e
e % s oy Ty cue hat GA o be 4 55
it Toe sl of A 1 $A 1 he s woud be
uced seiondy by e prosence of GA i the solvens
Urloruntaly, sEhough many works sbot te ressement
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Green and efficient cycloaddition of CO; toward epoxides over
thiamine derivatives/GO aerogels under mild and solvent-free
conditions

Ziqi Yi*, Donghui Lan'*", Ying Wang!, Lang Chen', Chakiong Au'* & Shuangfeng Yin'"
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Thiamine derivatives thotare cheop, eadily avalaie, oo and gren re s a5 hterogeneous catlyst fx the generaton of
eyeic carbonatestrough eycloadedion of O to epovides withou the eed of cocatalys nd slvent. Theineracticn between
hiaine hycrochlride (VE:-C and sbstrates (CO and propylens xide) ws proven by lriclt-visbe spectroscopy and '
nucicar magretic esonunce analysis, and s deduced that th synergistc action among muli-fntionalgroups (hydrosy, hlide
anion andormine) i fvcrable e forcyclodkiion eaction. A sres o VB, GO arogels wee acilly preored hrough the
‘addition ofaquecus VB, derivatives 0 suspesion o GO inethanol a oom temperaue. 1 was found that the ercgel genvated
{hrough th iteracton of VB,-Cl with GO shows ctalyte actvity and sabilty higher than those of VB,-CL Itis bocause the
lectosaic nteration between GOand VIl enhancesth cleophilicity and esvingabilty of rion. The effcts of reacton
femperature, catlys oding, CO; pressurs and racton ime on CO eclonditon o propylens oxide wee thoroughly studied.

htamine B, graphene oxide, aerogels, symergetic ffect carbon dioxde, cycloadditon reation

B P S———

1 Introduction

Carbeon dioxide (CO: i a greenhouse gas blamed for global
warming (1], Nonetheless, being abundant inexpensive, safe
and renewable,ithas the potenialofreplacing harmful reac-
tants such a5 CO and phosgene for the production of valu-
able chemical mateials [2.3). From the viewpoints of “green
chemistry” and "atom economy” it s attactive toutilize CO;
for the generation o cyclic carbonates that are used as polar
Solvents, high-permittivity electrolyte components and fuel

e st ot ety ot wrk
“Careoo s e o b )

@ Scnce i Prss and Spingrerag Ben Hodaborg 018

additives [45)

‘A large nummber of homogencous and heterogeneous cata-
Iysis were developed for the generaton of cyclic carbonates,
such as metal salts (6], organic bases 7, ionic liquids ILs)
[5:9), metal complexes [10,11], metal oxides 12), supperted
catalyss [13], metal-organic frameworks [14], and carbon
‘materials[15]. With the metal-based ones holding 4 promi-
nent position [16],thre i o compiltion of clements that are
‘considered “endangered” [17]. For the sake of sustainabiliy,
itis desirable to design efficent caalysis for the cycloaddi
ton reactions based on metal-free resources that are cheap,
non-toxic and readily avalable. Futhermore,the method has.
10 be tunable, casy-to-handl and solventree

Itis well known tht thiamine (VB is an essental utsent

eromsscinncom sk g




image4.jpeg
Spraton ok PacatonTechciegy 169 2016 27-285

Contons lists vailabe o Sconcobiroct

Separation and Purification Technology

ELSEVIER

Journal homepage: www.lsevier.com/locate/soppur

An improved fast screening method for single and blended amine-based
solvents for post-combustion CO, capture
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e 11 iy 2016 Screen bigh effciecy sovents fr pst combuston CD, captue,especally for the exsting amine.

e i e o 14 oy 2016
et S 3015
eaane e & e 2016

asd CO aprre proceses.The method was bsed n an tegrted Oy borpion-desorpo proces,
Where he sbioraio proces wis plrtad a 40°C with s e s e oing. abd by 3
rtestment proces, and desurpan rocss s done 3 th teperture of 60-C.The o o sch
b o procsss was e 0 b 60 i, Tl sreniag method.ain o secount e O ssorpion
Capacity 2 wel 2 th ssoryion and desorpin efcieny, was s on e il lkanclamines
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S5 cetain ol el concetratin f 5ol Th repestsle sreeing results o (e single srincs
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1 ntroduction

‘There has been growing concern averthe majorenvironmental
ssue of global warming, which i atrbuted to the incresse in
anthropogenic greenhouse 3 emisians, especilly carbon diox.
de (€Oy), into the atmosphere. Industry and coalfred power
plants share most of the responsibilty for the large amount of
carbon dioxide emission |11, Thereore, the development of CO,
capeure, uization and storage (CCUS) technologies that are
pplicable tothes sources ecomes more and more important to
reduce O, emissions an, thereby, mitigate climate change and
slobal arming.

‘Currently, amine-based post_combustion €O, capture Is
regarded a one of the best developed and mast mature technolo-
i, and has been proven to be a suitable technology for uses in
Industria applcatons (23], Many conventional alkanolamines,
including primary amines, secondary amines and teciary amines
have been investigated extensivel fo the post combustion €O,

G sutor.
i kst o8 2 ).

et 10 21606018
155 585 2010 Sevir B4 A g e,

apture proces. However primary and secondary allanolamines
have fast reaction rates with CO, (0 form carbamates. In doing
50, hey elease high absorption hat,and consequently there i 3
relative High beat enegy requiement for the amine regenetation.
In addition, the O, loading capacity is theoretclly limied to
05 mole COy/mole amine pet amino group [4-51. Comparatvely
speaking. tertiary amines will ot reat dirtly with CO; but pro-
mote the CO, hydrolyss rescion (o form bicarbonate,which eads
0.8 sowe absorption ate and lower regeneraton energy con-
sumption. Mareoer, the stoichiomety of the recton between
tertary amine and CO, leads to 3 high CO; loading capacky. up
 1.0mole CO,/mole amine |71 The fac is that amines are a1
limite for removing CO; due to heir inherent problems, which
include equilibrium solubily,reacton rate, mass ranster, egen-
eration, equlirum temperature sensvty, degradation and cor-
osion behavios. The biggest challenge of tis technolagy is high
energy consumption, and mre than half of the operating cost
comes from rebolle duty fr solvent regenecation {5-131. Thus,
concerning the problem of high energy consumption fo solvent
regenerston, more efficent salvent. systems. with favorable
properies are needed in order o reduce the operatng cost of
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‘The mass transfer performance of CO; absorption into blended DEEA/MEA solutions was investigated ina
1ab-scale absorber packed with Sulzer DX structured packing using 2 standard orthogonal array with an
Li5%) matrix. The volumetric overall mass ransfer coefficent (Kcay) was evaluated at various key oper-
ating conditions over 2 amine concentration range of 200-500 kmoljm®, COj lean loading of 0.15-
1035 mol CO/mol amine, over a wide CO partal pressure range of 6-18 kPa,  liquid feed temperature
range of 303.15-343.15 K. with liquid flow rate 3.90-11.70 m’/m’, and 3047-47.87 kmoljm"h inert

e ot et To e it hs 5 apraing PR e Sgrne cts o K
e Ao based o orthogonal snalyi. it was sttt the order of mpartance o th conriution 1o
frarrtang Keay ofthe six investigaed factors was as follows: CO; lean loading > CO; partial pressure > Liquid feed
Vo v nperature> Aios caesoaion> Lqud fiow rt e 5 G Tl s ths opiizaion f T
- xprmenta omboadon was BCDEsEs

Orthogonal aray design

©2017 Published by Elsevier BY.

1. Introduction

Rapid development of economic and social wellbeing relies
heavily energy produced mainly from fossil fuel combustion,
which s considered to be the main contributor of greenhouse
gas emissions. The cumulative greenhouse gas emissions, espe-
ly carbon dioxide (CO;), have been demonstrated to be respon-
sible for the global mean temperature rise that is directly linked
with serious environmentl issues such as global warming and cli-
‘mate change as evidenced by rise o the sea level and the meling
of lacies. The Intergovernmental Panel on Climate Change (IPCC)
[1] has started to selectively promote and vigorously develop ca
bon capture and storage (CCS) techniques to prevent large quant
ties of CO, from being emitted into the atmosphere in order to
combat global mean temperature change. Amine-based CO; cap-
ture appears to be a leading contender for application in CCS,
and thus has the potential for large-scale implementation, for
example, in retrofitting o existing power plants [2]
‘Alkanolamines widely applied in chemical absorption of CO
can be divided into three categoris: primary amines (e.. mono-
ethanolamine, MEA), secondary amines (eg. diethanolamine,
DEA), and tertiary amines (e N-methyldiethanolamine, MDEA).

‘Conesponding authors.
Emal oddresss: gaohongia149163com (W, Gan), awing@hnueducn
(@ tang)

hp . dolorg/ 10,1016/ seppur2017.03.064
1383-5066/0 2017 Publihed by Esvier BY.

Currently, MEA i the one most widely used for CO; removal since
it has the advantages of high reactvity with COs. low price and
g00d biodegradabiliy. However, it presents several drawbacks
including limited CO; absorption capacity, high energy consump-
tion for olvent regeneration, and high risk of degradation and cor-
rosion, especialy at high temperatures and concentrations, On the
other hand, tertiary amines such as MDEA have shown the poten-

jze those mentioned disadvantages. Unfortunately.
tertary amines have limited reactivity with CO;, as they cannot
directy react with CO to form carbamate. Therefore, there has
been a continuous research focus on the development of solvents
with rlatively high CO; absorption rate and low energy demands
during regeneration [3-51.

In the past few years, there has been a growing interest in the
use of newly developed amines, blended amines and hybrid sol-
vents (6-9.In particula, a promising alternative aqueous slution
of blends of alkanolamines combining the advantages of primary/
secondary and tertiary amines has drawn more attention and has
been widely applied in natural gas treating. Kinetics, liuid phase
speciation, vapor-liquid equilbria, mass.transfer, regeneration
and degradation of CO; absorption into concentrated aqueous
blends incorporating MEA, DEA, AEEA, MDEA, TEA and DEAB as
blend components have been extensively presented in the litera-
ture and have shown good CO, capture propertes [5,7,10-12]

n the huge benefit of blended amines in enhancing the absorp-
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Rheological properties study of foam fracturing fluid using CO, and
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HIGHLIGHTS

+The CO, facturing flid has not ned of flowback.

« The influence of different actors on th rheology charactristis was systematically analyzed.

+The correlations o theological parameters were obained.
ARTICLE INFO ABSTRACT
e sy Inthis sty he macro propertesof a CO racturing fid were stdied experimentaly. A deailed exper-

Receved 14 August 2016
Receved i eviced fom & Februry 2017
Aecepted 7 iarch 2017
‘Availbie oline 9 March 2017

imental investgation has ben conducted o th rheologyofthe Oy clean-acturing lid by using alarge
scale experimentystem. A fluid model using Fuent software was adopred t simulate th gas distibution
and flly developed tat o the C0 facturing i The experimental esuts show tat the CO fractuing.
i s shear thinning and the heological propertiescan be described by the power-law model. As wel,

o e of s td s sty o e of Sl i o Nt Bl s 5
o) et ouand o st ot el pas sl found e vt of O hciting
Blogol e tdwas proporian o he neer o Gt QU st Whh howivet v sy o
b Toiona o e s o anhcs e Nt ot it o he s of e
T e rs o e ol Caracienicoeaion f e panters were Goained
oo Bnees i A s e,
1. Introduction was 2.11x10°t, and the foreign dependence was 60.6% of

Energy is the foundation and driving force of modern industry;
its supply and security concerns the overal situation of China's
‘modernization. Since the reform, opening up, and rapid develop-
‘ment of China's economy,the consumption of energy, in particular
oil and gas has shown to be n rapid growth year by year. The dis-
crepancy between domestic supply and demand is continually
worsening, and has led to the increasing growth of China's
dependence on foreign oil. According to related statistics, in
2015, China's natural gas production was 1344 x 10° m’, while
foreign dependence was 32.7% of consumption; oil production

= Comesponding aucho . oo nerarona et forCOy CapreanSorage
(GCCS) rovincalHunan Key Laboratoy fo Cost<fective Uizt ofFoss Fuel
‘A st Reucin €O, Emissions,Collge of Chemistry and Chemical Engineering.
Huran Universiy, Changsha,Hunin 410082 PR Chins.

i atdes: rwlngohms.d.c (2 ang)

g ol ong10.1016) cesa017.03.022
0008-2509/0 2017 Hseie 1. Al ghts reserved.

consumption. AL the same time China has proven. exploitable
unconventional il and gas resource in the amount of about
(690-1260) x 10° ol-gas equivalent weght (Zou et 2, 2015),
which s about three times that of its conventional ol and gas
resource, Thus,the intensive development of unconventional oil
and gas resources has become an important safty measure for
uaranteeing energy supply and security. Because of the reservoir
characteristics of the unconventional il and gas resource, only 3
few oilfgas wells that have a special pattern of natural fractures
can be put directly into production ate drilling. More than 90%
of the wells require the reservoi stimulation such as acidizing
and fracturing in order to have an economic production ate.
“The first imethatthe Halliburtonoil well ementing company
Kansas implemented hydraulicfracture simulation operations was
in1947 (Montgomery and Smith, 2010). All heliquid pumped nto
thehydrocarbon reservoir during the hydraulicFractuing pocess s
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propanol solution
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HIGHLIGHTS

«Equiibrium CO, slubily of queous 1-Dimethylamino-2-propanel souton.

- Current and new developed modes epresening th equilbrium CO, solu

in 1DMAZP,

~Guldelnes about efective screening of solvents based o three absorption parameters.

ARTICLE INFO ABSTRACT

o sy
Received 29y 2016
Receved o eed form 12 Decembe 2016

Aecpted 16 Febrary 2017

I his work, the CO; equilibrium salubilty in 1dimethylamino-2-propanol (1DMAZP) solution was
determined a afunction of IDVAZP concenraton (over the range o 1-5 M) temperature inth range
0f298-333 ), and CO, parial presure (i the range of 8101 k), and the dta ued t it th correla-
ons fo K using Ken. lsenber Austgen,LI-Sheng and Hu-Chalama models. A new G correltion model

e calne 20 eoary 2017 was s developd o predic e 0 b iy in 1DMAZP souon. e ws ound it i of

the models could i th CO,equlbium solubily n 10MAZPsluiondata withabslute average de-
— tion (ADDS)fos the model by Kt isenber,Austye,Li-Sheng i Cakan an L e . f 14,15,
S 12,63 and 10%. respctively. Inadlto,the heat o O3 bsorpton n IDMAZP souton estmated wsing
Yoot Gibbs Hemholz eguaton was found t b —31.67 mol. Informstio orgidelinessbos flective -
oo st Hizatin ofdta o sreened slvents s povidd bsed  he bsortion parameters,ramely O3 qul-

Seeemig of st Hbrium solubilty,second orde reation constan, and €O absorpton heat.

92017 Elsevir 1. Al ights reserved.

1. Introduction

I recent years,considerable attention has been focused on glo-
bal warming and climate change issues, resulting in extensive
research being performed on carbon dioxide (CO;) capture. The
absorption of CO; into aqueous amine solution i regarded to be
one of the most promising technologies for CO, capture due to
its maturity, cost efectiveness, and capacity to handle large
amounts of exhaust streams (Ra0 and Rubin, 2002). Th technology
is evaluated based o the performance of the solvent such as CO3
loading capacity, reaction Kinetics, energy for regeneration and
mass_transfer characteistics. Furthermore, on account of the
nature of the flue gases (which contains impurites such as fly
ash, NOX and SOx), environmental issues such as degradation

Comespondin ashos.
Emal addrses: aphcl dersureginaca (R dem), ewlsngShnacducn (2
g,

g ooy 101016 <ec2017.02032
0003.2509 2017 i L, Al rghs reseved.

‘and corrosion needs to be taken into consideration as well (Liu
etal. 2014; Rochelle, 2009).

Recently, a new tertiary amine, 1-dimethylamino-2-propanol
(1DMAZP) has drawn_significant_attention for its_good
performance in amine-based post-combustion capture of CO;
(Kadiwala et al, 2012). Chowdhury et al. (2013) also presented
the €O, cyclic capacites and the absorption rates of 1DMAZP,
which were much higher than those of MDEA. Liang et 3. (2015)
reported that 1DMAZP shows the much better mass transfer per-
formance than MDEA. However, other performance criteria of
1DMAZP such a detailed COz absorption kinetics and C0; absorp-
tion heat need tobe nvestigated before ts commercial application.
In acdition, reliable vapor-liquid equilibrium (VLE) cata which

stitute another essential parameter that can provide quantita-
tive information on the CO, absorption,inetics behavior and mass
transfer need to be investgated. The vapor-liquid equilibrium
(VLE)data of any amine-H;0-CO, systemn i essential for the devel-
opment oftheoretical models and correlaions,in adition to being
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I this present work, he CO absorption peformance of aqueous I-diethylamino-2-proparol (IDEAZP) soluion was
Studled with respect o COs quilsiun slubily, absorption Kinetcs, and absorption hat. The eqilbrisn soubly
of CO; in 2M 1DEA2P solution was measured over the temperature range from 298 (0 333 K and CO, partial pressure
nange from 10101 Pa, The absorpton Kinetic daia were developed and analyzd wsin the bas-<aialyed bdration
mechanism and artficial neural network models (radial basis function neural network [RBFNN] and back-propagation
neural network [BPNN] models) with an acceptable absolute average deviation of 10% for base-catalyzed hydration
mechanism, 2.6% for REFNN model and 1.77% for BPNN model, rspectvely. The CO; absorption Aeat f IDEAZP
was estinaied 10 be ~43.6 Klimol. In addiion, ke ions (IDEAZF, IDEAZPH" HCOS., CO5™) seciaton plos o the
IDEAZP-COH,0 system were developd tofuther understnd th reacion pocess of IDEAZP with CO0,. Based on a
comparison with conventional anies (e.5., MEA, DEA, MDEA) and altrsative amines i, IDAZP and 4-dieth
ylamino)—2-butanol [DEAB]), IDEA2P exhibited good performance with respect to CO; equilibrium solubilit
ineics, and CO, absorpion heat. Meamwhile, the overal evalation of IDEAZP for spplication in CCS in terms of
‘absorption and desorption is presented, giving helpful information for the screening of these novel amines.

© 2017 American lastute of Chemical Engincers AICHE J, 6 2694-2104, 2017

Keywords: IDEAZP, equiibrium solubly, absorpton heat, absorpion kinetic, ion spciaton plots, ANN

Introduction

As global warning becomes one of the world's ssues of

eses concem, CO; bas been deniied 1 e major green-
Honse gas contrbutin o th probin." Therfor, esearch
ioto Bow to decrese the caision of CO is becoming more
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and mor wrgent. 00 capure i considered one of most effc-
ive methods o reduce CO, emissions. Several technologies
such as absorpion, adsoption, membxane separation, cryo-
genice disllition, and biotechoology are usally employed
for CO, captue.? Among these echnologies, absorpion using
‘agueous solutions of alkanlamines is the most widely used
technology forcaptring CO; from te gassrcams inindusti-
al processes due 1o its chancieisis of matue techaique,
o0d cconomigeffectiveness, aod ability to deal with lrge-
scale sreams. ™ However, one of the most criical require-
‘ments for this techaique is finding a high-pecformance bsor.
bent that moes some basic roquiremens ch s largo
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Phosphorous-modified bulk graphitic carbon nitride: Facile
preparation and application as an acid-base bifunctional and efficient
catalyst for CO; cycloaddition with epoxides
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A sries o phosphorts F) modified graphiie carbon iide (P-CiN) were acilely prepared by diect
thermalyss of melamine and hexachlooiriphosphazene. Based on the rsutsof XS and P NI an-
alyse, i s dedced tha there frepacement of C atomslcated 3 the by and dge terminl posiions
by P atoms.The PGy mateial ae easy-to-handi,sabl, and metl fre. They function wel 5 3
citalyst for the synthesis o cyelic carbonates through carban dixide (€02) ycoaddition 0 epandes
‘inder ik conditons without the need o a sovt. This i the ft tme tht an cd-base bifuncionsl b
~CiNy was prepared and usd a5 catalyst for cydaaddition reactons I was observed that the catlytic
aciviy of P-C)Na nreases with the ise of P conient 35 3 eslofth enrchment of eid sies. The
excelent pecfomance of BN [P~Cy 2 is atbuted 1o the syncrgeic effct of 3 sites and alde
nions ot ing openingof cpoide 35 well s bsi sesfor adsorption and actvation of €0, A possbie
"l symergeic mechanism i proposed or the cyloaddin raction over P-Cifl Moreover, -GNy
can b easlly separaed and eused or 3t et (v times without showing signiicant loss of activiy

02016 Elevir 1. Al rights reservd.

1. Introduction

he concentration of arbon dioxide (COy) i atmosphere passed
400 ppm in May 2013 [ 1] and €O is blamed for global warming
[1-31.On the other hand, €O i a safe, abundant, fenewable and
inexpensive C1 source, and has the potential of eplacing harmful
reactants such as €O and phosgene (4. From the viewpoints of
‘green chemistry” and "atom economy’, it is ttractve (0 utilze
€, for the generation of cyclic carbonates (5.6 However, €Oy s
Kinetically and thermodynamiclly stable, and i is a challenge to
ring abou s activation. Generally, €02 is considered as an clec-
ol since theclectrophilicity of the carbon atom s highe than
the nucteophilicity of the oxygen atoms (7. Nucieophilic amine
species such as 18-Diazabicyclo[5 40jundec-7-ene and N-hetero-
cyclics are eficient for the activation of €O, (5 10|, However,the
processes fo the recovery of the homogencous basic cataysts are

" Comerponding sabor.
= Conespondig sator
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Known to be complicared

Graphitc carbon nitride (5-CaN.) i a class o polymeric carbon
materials made up of C and N atoms that are connected in rs-
triazine-based patterns, with H being the impurity. The electron-
rich materal shows surface_propertes that are_important to
Catalysis, such as basic functionalites and H-bonding motifs 11
Being rich in nitrogen specis of different kinds, g-CoN s COy-
phillcand can be used for CO adsorption and activation 1214 It
was Goettmann et al. who first reported the use of g.CsNy a5
catalyst for the actvation of CO; in benzene oxidation |14] Since
then g-CaNq was applied in the cycloaddition of CO; toward ep-
oxides |15-15]Inthe reportof Ansar et al who first tested g-CoNy
for cycloaddiion o CO, with propylene axide (PO} low actviy was
recorded despite massive amount of DMF was used as solvent 1]

‘Many methods were explore (o enhance the actviy of g-CoNs,
including ncrease of surace area |16, improvement of deect stes
17)and immobilzation of functional group 1. Nonetheless. the
reacton conditions adopted in the abave cycloaddition reactions
were harsh n additon,the processes for the generation of g-CaNy
of high speciic surface area were complex and the yied was low.
Using melamine as precursor, i is easy to obtain bulk g CoNy in
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CdS Nanowires Decorated with Ultrathin MoS, Nanosheets
as an Efficient Photocatalyst for Hydrogen Evolution

Jie He', Lang Chen", Fu Wang, Ying Liu, Peng Chen, Chak-Tong Au, and Shuang-Feng Yin**!

€S nanowires decorated with ltrathin Mos, nanosheets were.
synthesized for the it time by ukrasonic exfolation by using
dimethylformamide as the dispessing agent. An excellent hy-
drogen evolution rae of 1914 molh ' (20 mg ctalyst) under
visblefight iradition : >400 om, =154 mWcm ') and an ap-
parent quantum yekd of 469% at £ =420 nm were achieved

Introduction

With increasing demand for clean energy, research is focused.
on tenewable energy. OF al the energy sources, hydrogen is
a potential chaice to meet future needs, a it has the highest
specific energy of combustion and produces only water a5
2 combuston product. Water spiiting by using semiconduc
tors a5 photocatalysts s a promising choice for the generation
of hydrogen energy." Among the large numbe of reported
photocatayss, CdS has atracted much attention owing 1o
a number of reasons: ane, it can be synthesized rather smply;
w0, with an optimal band gap of approximately 2.4 e, it i f.
fective forsunlight absorpton; three, it has » conduction band
edge more negative than the reduction potenti of HOM,
Specifically, 10 Cd is widely studied because of the relatively
short path for the transfer of phatogenerated clectrons ™
However, owing to the high recombination rate o eleciron-
hole pais, Cds shows low photocataytc activity for hydrogen
production. Therefore, supports, cocataysts, and composite
catalysts with heterojunctions or sold soutions have been ap-
plied to improve the actviy of Cds." Of these techniques
loading a cocaalyst is a typical and effective method o effec
tively hinder the recombination of electron-hole pairs. Nobe.
metals such as Ru, Rh, P, PL, and Au have been loaded as co-
catalysts* Among them, P i the most effective because of ts
large work functon and low overpotentil for H, evolution. To
date, cocatalysts based on noble metals are stl required to.
achieve reasonable actiity, which serously resrics thielarge
scae application. Therefore, seking cheap, eath-abundant,
and high-performance. cocatalysts for photocatalyic water
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over the Mos,/Cds composite. The presence of ulrathin MaS,
nanosheets (ich in active edge sies) on the CdS surface pro-
motes the separation of photogenerated charge carers and
faiitates the surface. processes of photocatayic hydrogen
evolution.

splting i indspensaie nthe pracicay of the technology™
Up 0 now, many non-noble metal cocaayss, such a5 ga-
phene oxide;" reduced graphene orde.” and carbon nano-
bes have been coupled with C, Howeve, satstoctory re-
sults have not been obtained because of low photocatayic
aciviy, complex syntheic methods, and the high cost of the
syathess.

A a kind of cocatayst, cheap and earh-abundant layered
ransion meta dihalcogenides, such a5 M, ™ exhibi excel
fent peformance towards th ciectrocatwyic ydogen evols
tion reacton (HER, ™ From densy funcional cakulatons, it s
deduced that MoS, has & surtace binding free energy it
stomic hyrogen sinir 10 that of PL which i clse 0 20"
in other words, MoS, could be used as an effecive cocaualyst
for the photocatayc HER Given that the main acive sts
for the HER re the  atoms a the dg sts of M, cysals
efors were put i o opimizing exposure of the edges i the
preparaton of Mos, ™ This work showed tht the edge sies
of Mos, ae importan, and ther presence can be drecty rela-
d 10 an enhancement in ctaic prformance. s hnee de-
siabl o synhesize ulrathin MoS, nancsheets with 3 lrge
number of exposed aiv stes e and coworkersproved hat
singlelyer Mas, has a conduction band energy evel that s
more negative than the H'/M, potental*® Smdar 10 g
Bhene, MoS, can be exfoaed (o ulathin layers by chemical
o physcal methods:* On the bass of the above informaton,
it enviaged that ultathin Mos, nanoshects coukd be con.
strcted and uilaed as 3 promising cocntalyst o the genea-
on ofhydragen rom te pfting,

ihough the use of MoS, a5 a cocatalst for CdS in the
fom of Mos,/Cds compesies has been reported* ™™ the
preparaton of CdS nanovires (herinafer dencted Cds, NWs)
deconated with urathin Mo, nanoshees for phofocaayic
hydrogen evoluion has neer been stdied: Heein, we report
the preparaton of Cds NWs deconted with ulathin MoS,
nanosheets by smple slvorhermal reaiment foowed by u
nasonc. exolation. It was found that dimethylormamide
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CdS Nanorods Coupled with WS, Nanosheets for Enhanced

Photocatalytic Hydrogen Evolution
Jie He," Lang Chen,’

Activity
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ABSTRACT: WS, nanosheets—CdS nanorods with heterojunctons.
were prepared by an ultasonic/exfolation method using dimethyifor-
3 the dispersing agent. CAS manorods were coupled with smal

WS, nanosheets s 3 resule of exfolaion. An excellent hydrogen
prodacion ate o 1122 el (30 g of silyet)was v vt
the WS,~CS composice with 3 WS,--CdS massrtio of 16:1 under
vishlelight imadision (7 > 400 nm). The cficent cvolution of |

hydrogen is atributed to_ promotion of the separation of photo-
generated chirge carriers due to the presence of heterojunctons.

crcated on the surface.

104, Hunan China

11l

1. INTRODUCTION

The use of nanoscled photocatlystsfo hydrogen evoluton is
a choi for the gencraton of cean cnergy. Many rescarchers
are interested i the wse of grapheneke two-dimensionsl
yered_materials such as transiion-metal dichalcogenides
(TMD) TDs e gnel ol o M, (O reprsns
a transton-metal lement and X represents a chacogen), and
there exist the planar layers of X-M-%, which are stacked
together only by van der Waals interacion.” Thus, they are
casy exfolsted nto thin-ayer entiies and exhibit excllent
performance toward the elctrocataytic hydrogen. evolution
reaction (HER).*

Among the known photocatlyts, CdS s atracive for its
excellent absorption of visible light. The CdS-based photo-
catlys are commonly adopted for fundamental studies
because G s not expensive and simple to prepare.
Furthermore, it postie intinsi propertics such as varable
band gaps, large. surface-to-volume. raios, and_ tunsble
condaction/valence band energie,the quintum ot nanorods
(NRS), and nanowires of CdS were extensivly investigated
photocatilytic hydrogen evolution from water spiting.
Nevertheles, pure CdS is poor in photocatalytc hydrogen
production under visible light. It is only when it is combincd
with another semicondctor that satisfactory photocatlytic
activity can be achieved.*—

Recendy, we found that one.dimensionsl CdS decorted
with ulathin MoS, nanosheets isphotocatalytially ffcientin
HER The exfolisted ulrathin MoS, nanosheets that expose.
ich active cdge sites for HER on the surace of CdS not only
promoe the separaton of photogencrated clectrons nd holes

< ACS Publications ek i scey

but also facltate the reacton processesat the inteface T was
pointed out tht the enhanced photocataytc perormance is
stributed o the unique sructue ofthe MoS,~CdS composit.
From the liteature, we found that WS, Cus, CayS, and CoS
were seected to enhance the hydrogen evolution actty of
TiO, CdS, and g-CN, ™ Nonetheless, whether a strcture
simili t thatof MoS,~CdS can be constructed by using other
dichlcogenide compounds remained uncler. As 3 member of
the TMD compounds, WS, posseses a erystal structure and
chemical properties similar to those of MoS, and by itself is
photocatlytiallyaciv for hydrogen evoluion from wter. We
antcpate that enhanced photocatalytic performance can also
be achieved through the combination of exolited WS,
nanosheets with CdS NRs. Herein we report the fibrication
of CdS NRs that were coupled with WS, manosheets through
trasonc xfolition using dimethylformamide (DMF) as the
dispersing agent. The asobtancd WS,~CdS composis have
unique structures and show enhanced hydrogen evolution
acivies under visble light (/ 2 400 nm). The reaionship
between the surface propeties of the composies and the
performance in the gencration of hydrogen from water was
sudied.
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Experimental Study of Regeneration Performance of Aqueous
N,N-Diethylethanolamine Solution in a Column Packed with Dixon
Ring Random Packing

Bin Xu, Hongxia Gao,* Menglin Chen, Zhiwu Liang,* and Raphael Idem

Joint International et for CO, Capture and Storge (1CCS), Hunan Provincil Key Laboratory for Cast-effctive Uslation of
Fossi Fuel Aimed at Reducing CO, Eissons, Collge of Chemistry and Chemica Engineeing, Hunan Usiversiy, Changsha
410082, PR China

ABSTRACT: Carbon dioxide (CO,) stipping fom COlosded aqueous NN-
dicthylednolamine solotion (DEEA) was comprehensively investgated in 3
boratory sl regenration olumn packed it Dison sin random pacing, The
regeneraion heat doty (Q.a) of DEEA was evlusted 45 2 function of vurious
operatng paramcer, incuding rich CO, loading,lean CO, loading, solution flow
e, feed ‘and DEEA concentraton, 5 well 13 parametes
(e, Aa> L and C X L) The expermental resuts showed thtthe Qg wissensiive
to these aperating parameters. For crample, the Qu, decreased signibcanly a5 the
an CO, loxding, ich CO, londing, and DEEA concentration ncrssed, indictiog
that the Quu can be reduced by adjusting these operating parameters. In addion,
COloaded aqueous DEEA solton was observed t have 3 lower Q. (of 217 G/t
€O, 3 compared t thos of aqucous MEA snd DETA soltions Bised on het tso—nr -
duty lonc, DEEA can be considered to be an aractve sobvent for amine bused " VT e

postcombustion CO, captue.

1. INTRODUCTION

“The prospect of woncning global warming and climate due to
the clevated.globl emisions of cubon dicside (CO,) has
atracted considrsbe concer n ecent yeas The i culpri
forthe drastc is of CO, cmissons i the combuston o osil
el (col, naturl ga, and o). The development o eficent
strategies to.reduce atmosphere CO; emissions from the
cxhust gas streams of power plants and. other indusrial
processs has been eceivingconsiderable st Amine-based
postcombustion CO, ciptre is 3 mature technology that has
teceived much atenton 2 # promisiog method for bulk
removalof CO, from flu gases

‘Aqucous amines such 3 monocthanolamine (MEA),
disopropanolamine (DIPA), dithanclamine (DEA), melbyl
diethanolamine (MDEA), 2-amino-2-methylL-propanol
(AMP), and pipersine (PZ) bave been widely investgaed
o capturing CO, " Howeer, processs using conventiona
amine soutons are cnergy intensive, and 35 such, not cost-
efective for CO, removal. The majo challenge of amine-bised
€O, capture is o reduce the hest energy consumption for
salvent regencration, which sccountsfor approsimately 70% of
the operatonal cos""' Energy consumption s of great
importnce and mus be known for the deign nd operation
ofthe industrial CO, aborption process becaus it detemines
thecconomic bencfts of operaton. - * Therefor, there i the
need for devloping statgies to reduce the heat energy
requirement fo solvent regenertion.

“As shown in the litrature, * four main methods have
been sggested for reducion of heat energy consumption in

@ ACS Publicatons ¢ e et sy

the sbrorption-sipping process: () optimizaton of process
confguration; (i) development of proces control srtegies
() improvemen o packing perormance; and (iv) develop-
ment of atematve solvents with high absorption at, high
absorption capacy,high mass ransfer performance, rssonsble
solvent cost, and low et daty for regencration. Considrig.
the list method, the search for 3n innovative and efcent
solvent system i 3 promising way to.decreue energy
requirements for regeneraion

“The hest cncgy consumption i gencall acspted o be the
sum ofthree main forms ofhest:reaction ht o breaking the
chemical bonds between amine solventsand COy; sensble heat
for clevating the tempersture of CO, rich solution to the
boling point and vaporizaton hest for evaporaton of wter
vapor o reduce the operaing HO pressure that i good for
sipping O, Sgnifcant R&D cforts are devoted to
finding ionovatve and effcent solvents that can_ provide
improvements a5 means to tackle the high hest energy
eguirment in the amine bsed CO, capture process.

Some resesrches have focused on the rescion hest of
izt amins, whic i considered o be diectly eated o
regeneaton energy reqirements. Carson <t 3l messured
sbsorpion hest of MEA, DEA, MDEA, and MEA-MDEA
solutons at 25 °C a vry low O, loadings (001-025 mol/

Receved: Mach 9, 2016
Revsed: Jly 1, 2016
Acceped: Juy 12,2016
Published: Juy 29,2016
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Reaction Kinetics of Carbon Dioxide (CO,) with Diethylenetriamine
and 1-Amino-2-propanol in Nonaqueous Solvents Using Stopped-
Flow Technique
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ABSTRACT: fn i wo the recion Koetn of cuten desle (CO.) i
Gyinine (DETA) nd Lo 3 propae (A7) ekl o s
s e essred i e oppel v et  peto i of
B350 K i e o e oot (13, onteion,
e o 1010 50l ey d 210 00 ol o i

{erm o by DETA chfats et rsction Knts pecocsncs for cptusog CO;.
Thone e il b o fcing i efcint mathod for e v of CO o
il s

1. INTRODUCTION
I oot decades the grenboose et s ben the ot
notable gobl e tue, d bas cevod s egave
e on socty and the aconomy around the woid 11 s
sk, th th e aionof cbon Side(CORy
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Analysis of solubility, absorption heat and kinetics of CO, absorption into

1-(2-hydroxyethyl)pyrrolidine solvent
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1. Introduction

Among severaltechnologies (e absorption, adsorption, mem-
brane separaton,cryogeni dstlation. and biotechnology) for COz
removal from flu gases, the reversible absorpton of COy using
aqueous amine solutons is considered o be one of the most
‘widely applied technologies due o its maturiy, good economic.
effctiveness, and ability to deal with 3 wide variet of exhast
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gas streams (Rinkeretal. 2000; Sema et al, 2012b) The maia hal-
lenge ofthis technologyis tatthe energy consumption i 1 high,
“The proces of CO capture using conventional amines (e, MEA)
consumes a large amount of energy, approximately 4.1 Gljion
€0yl t L. 2016) The current commercial technologies ndicate
tha the energy equirements have beea reduced by more than 30%
0 approximately 26 Gfton CO; (Liang et L. 20150). AS s well
Known, the amine used n the process of O capture was consii-
ered t'bethe vial ssue inreducing the energy reqirement. With
the development of new chemical, theenecgy tequitement of PCC
‘could be expected to be reduced by 20 GJjton CO;. Hence, in order
0 achieve this objective thre has been a strong dive o develop.
atracive solvents that fulfl the following basic requirements:
large absorption capaciy,fast absorption inetcs, and ow regen-
eraton energy.
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Determination of Vapor—Liquid Equilibrium (VLE) Plots of
1-Dimethylamino-2-propanol Solutions Using the pH Method
Helei Liu," Xiao Luo," Zhiwu Liang""T and Paitoon Tontiwachwuthikal® ¥

*Joint International Center for CO, Capture and Storage (iCCS), Provincial Hunan Key Laboratory for Cost-Effective Utilization of
Fossil Fuel Aimed at Reducing Carbon-Dioxide Emissions, College of Chemistry and Chemical Engineering, Hunan University,

Changsha, 410082, People’s Republic of China

*International Test Centre for CO, Capture (ITC), Paculty of Engineering and Applied Science, University of Regina, Regina,

Saskatchewan S$4S 0A2, Canada

ABSTRACT: In this work, the pH values of 1-dimethylamino-2-propanol (1DMA2P) solution were measured over a CO,
loading range of 0—0.8 mol CO,/mol amine, IDMA2P concentration range of 1.5—4.0 mol/L, and a temperature range of 298—
303 K. Two-dimensional (2D) vapor—liquid equilibrium (VLE) plots of the IDMA2P—H,0—CO, system were established by
calculating jon concentrations in the 1DMA2P solution using the pH method. A three-dimensional (3D) VLE surface
representing the concentrations of ions in the 1DMA2P solution was also obtained. In addition, equations were generated and
used to predict CO, loading in 1DMA2P solution, based on knowledge of amine concentration, temperature, and pH of the
solution. The results showed that these equations performed very well in predicting the CO, loading of a IDMA2P solution, with

an absolute average deviation (AAD) of 9.2%.

1. INTRODUCTION

Recently, considerable attention has been focused on global
warming and climate change issues, and this has resulted in
extenslve research being performed on carbon dioxide (CO,)
capture.” The absorption of CO, into aqueous amine solutions is
regarded as one of the most promising technologies for CO,
capture, because of its maturity, cost eﬂechveness, and capability
of handling large volume exhaust streams.>® However, this
technology relies greatly on the performance of solvents, as
dictated by their CO, loading capacity, reaction kmencs, energy
for regeneration, and mass transfer characteristics.

Recently, 1-dimethylamino-2-propanol (lDMAZP),wlud: isa
tertiary amine, has drawn considerable '.\ttenhon for its
performance in capturing CO,. Chowdhury et al” showed that
1DMA2P has a higher CO, absorption capacity and cydlic
capacity than MDEA, which is the most commonly used tertiary
amine. Also, with respect to its kinetic performance, the second-
order rate constant (k,) of IDMA2P is much higher than that of
MDEA.™ Because of its performance in CO; capture, I1DMA2P
could be considered as a potential alternative solvent, or it could
provide useful elements for the formulation of good mixed
solvents for CO, removal applications. However, some essential
investigations on the performance of 1DMA2P, such as
thermophysical properties, vapor—liquid equilibrium (VLE)
data, mass transfer performance, corrosion, and degradation
behaviors must be taken into consideration before it can be
recommended for commercial use.

The VLE data of this amine—H,0—CO, system are essential
for the testing and development of theoretical models and
correlations, which have a vital significance for process design
and simulation of a CO, treating plant.''* In order to obtain a
detailed VLE model of the 1IDMA2P—H,0—CO, system, the
ion speciation and ezact concentrations of cations and anions at
different CO, loading (VLE plots) are required. However, there

% ACS Publications  © 2015 American Chemical Society

has been no reported research on the VLE plots of the
1DMA2P-H,0—-CO, system. Therefore, a comprehensive
investigation of VLE plots in aqueous solution of IDMA2P is
important for its applications.

For the development of VLE plots, several technologies could
be used including software simulation, pH measurements, NMR
combined with pH method, and NMR method alone to obtain
the concentrations of jons in the amine solution. Some
researchers have applied software programs to simulate and
produce VLE plots of the amine solution.'*™* Jakobsen et al.'*
studied and generated ion speciation plots for a variety of amine
systems, using the method of combining pH measurements with
NMR spectra. Recently, Shi et al.'® used a novel technique using
only the CNMR to successfully perform ionic concentration
determination in the DEAB—H,0—CO, system. The pH
method that has frequently been used to study the VLE plots
exhibits several advantages, such as involving only pH values and
equilibrium constants, and ease of operation. However, the
limitation of this method is that it can only be used at low
operating amine solution temperature (~293—308 K). =

In this present work, the pH values of IDMA2P solution were
measured over a CO, loading range of 0—0.8 mol CO,/mol
amine, a temperature range of 298—313 K, and a concentration
range of 1.5—4.0 mol/L. The ion concentrations of the system of
1DMA2P-H,0—-CO, were calculated using measured pH
values. The two-dimensional (2D) VLE plots of all ions then
were developed to obtain the concentrations of all ions in the
system. Also, a three-dimensional (3D) VLE surface for
representing the ion concentrations in the 1DMA2P—H,0—
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Curly graphene nanosheets modified by
nanoneedle-like manganese oxide for
electrochemical capacitors

Xiaoging Yu,"® Kaidi Li®® Haihui Zhou,**® Shudan Wei** Changjun Zhang,™
Xueying L™ and Yafel Kuang™®
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A modified Hummers method and an aqueous solution synthesis method have been adopted to prepare
cury graphene. nanosheets/manganese oxde (CGN/MAO;) composite using multwaled carbon
nanotubes and KMnO as precursors n this paper. The morphologies and stucture have been
characterized by a range of microscopes and other techniques. MnO; acicular crystls with about 5 nm
in iameter and about 100 hm i fength crisscross were unformiy dispersed on the surface of CGN to
form three-dimensional nanostructured CGN/MnO; composte. The electrocherica resuls show that
the CGN/MAO; composite electrode delivered a specfic capacitance of 224 F g~ at the current density
o 149 in 1M Na;SOL solution, which was about 2.7 times igher than that of pure CGN (85 F ')
Meanwhie, CGN/MRO, composite exhibits hgh current charge-discharge capabilty and long-time
cyciing stabilty (ihe capacitance remains 95% of the nial value after 10 000 cycles). The excellent
electrochemical capaciance performance of CGNIMO; composite was explained as follows: (1 as 10
Wk naoneedie-like MO s atached uniformiy on the surface of CGN,the electronic conductity of
CGN/MAO, composte is improved. Meanwhie, the modification of CGN by a small quantiy of
ranoneede-like MnO; further increases the nterlyer distance of CGN, and the difushity of ons
between composite electrode materials s improved as well. (2) Thee- gimensional nanostructured CGN/
MnO, composite can make the full use of the doubie layer capacitance of CGN and the
pseudocapaciive performance of MnO;.

Receied ath August 2015
Accepted 151 October 2015

00 101039/cSratss29K
wrscorgiadiances

Zhang Toaded various amounts of Ru0-xH,0 on TiO, nano-
tubes to obtain a maximun specific capacitance of 1263 F g
Composite electrode materials for supercapacitors have been  Research on composite electrode materials is to develop the
widely studied and are generally classified into three types:  advantages of different materials in electrochemical capacitive
composite of different carbon-based materials,' composite of ~ performance and overcome their deficiencics. So, after a large
carbon-based materials and pseudocapacitive electrode mate-  amount of scudies on the electrochemical capacitive composite
rials,*» and composice of different pseudocapacitive electrode  materials, rescarchers have noticed that i's extremely impor-
materials.** e Ning Sun et . prepared three-dimensional (3D) tant to find the best percentage of the constituent materials,
nanostructured graphene nanosheets (GN)-carbon nanoubes and the optimal electrochemical capacitive performance can be

1. Introduction

(CNTs) hybrids s appealing supercapacitor (SC) electrode
materials with a high specific capacitance of 413 F g, whit
was higher than that of GN o CNTs? Zhang et al. synthesized
quasi graphene nanosheets (QGN)RuO, composite combining
the advantages of the pseudocapacitance of RuO; with that of
the stable doublelayer capacitance of QGN.* Wang et al.
prepared ~ polypyrrole/poly(3,-ethylenedionythiophene) (PPy/
PEDOT), and s potential window was up to 1V in 1 M
LiCIO, solution, which was larger than 0.4 V for PPy Wang and

St ey Labortory for Ghemo/sesin and Cherometrcs Hnen Uit
Chanp, Chine. -l Y RIGE o i, 4964189713605 7 196731

“Collg of Chmicry and hemical nginering, Hunen Universit, Change, Chin

88950 | RSC Adk, 2015, 5, 88550-85957

obiained only with the best raio of cach component.
Carbon-based nano materals, with excellent thermal, elec-
trical and mechanical properties, and high surface area, have
received considerable attention. " Among the carbon-based
materials, carbon nanotubes (CNTS) have captured a lot of
attentions of many researchers. CNTS possess superior prop-
enies such as electrical conductivit,” chermal property*™®
and mechanical strength, which can promote their app!
cation as supercapacitor electrode material. CNTS are hollow
anostructures consisting of carbon atoms, which look like
i wbesrolled up by graphene shees. However, ypical
NS within the micrometre range are casily aggregated into
entangled ropes or masses and both ends of CNTS are closed,
which prevent ion transport both in the inner and on the
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The First Total Synthesis of Sophoflavescenol, Flavenochromane C, and
Citrusinol

Van-Son N+ Lin-Pe D S Chn Wi and Qi Wang? 1

Keywords: Total synthesis / Natural products / Sigmatropic rearrangement / Cyclization / Fused-ring systems / Osygen

heterocycles

“The st total synthoses of sophoflavesconol (1), flaveno-
chiomane C (), and cltrusinol (3) were achieved. Theso
thieo natually occurring pronylated or_prenyl.<yclzed
flavonolds have Hmportant biological actvtcs such as cylo-
toxilty against some cancer call lines, or ate load com-
pounds for the treatment of erectle dystunction, Staring
from 2,4,6-ihydroxyacelophenone and subsituted borzal.
dehydes, the synihesis nvolved methoxymethyl protaction,
aldol condonsation, cyclizatin, oxidation with dimethyl-

doxirane, O-pronylation, mictowave-assited Claisen to-
arangement, deprotection, cyclization of the prens! group,
and dehydrogenation with 2,3-dichloro-5.6-dicyano-14-
benzoquinone. The overall yieki of 1, 2, and 3 were 23, 17,
and 16% rspoctvely. All compounds were characterized by
H and “1C NMIR spectioscopy and MS. The key step of the
synthotic romto was a rogloselocive. microwave.assisted
Claison rearrangement 1o form an 8-prenylated flavonold
from a.5-0-prenylavoroi

Tntroduction

Prenylaed flavonoids are a unique clss of naturally oc-
curring Navonoids characterised by the presence of a pren-
vlated side-chain on the flavonoid skeleton. C-Prenylation
of fNavonoids can enhance ther binding aflnity toward P-
elyeoprotein, and can remarkably improve the biological
activity of the flavonoids!l Over the past few decades, an
imprssive mumber of biological activties and pharmaco-
logical effcts have been demonstrated for C-prenylated
flavonoids, including antitumor, anti-inflammatory, and
antiosteoporosis actviie, enzyme inhibition, and vascular-
protective and estrogen regulation activtis!
Sophoflavescenol (1), a C-8-prenylated flavonoid isolated
from S lavescens, was the most potent and selectve inhibi
tor of CGMP phosphodieserase 5 (PDES; ICxq 0.013 ),
and so it was considered as a lead structure for the treat.
ment of ercetle dysfunction 9 Sophoflavescenol (1) also
showed inhibitory activity against HL-60, LLC, and AS49
tumor cells!? Flavenochromane C (2) is a prengl-yclized
derivativ of sophoflavescenol, and it showed potent cyto-
toxicty againsta panelof five human tumour cellnes with
ICiq values of 1.0-36 .9 Tt also showed strong cytotoxic:
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activity against lung carcinoma (AS49), ovarian carcinoma
(1A9), and breast adenocarcinoma (MCF-7) cell ines with
ICq values of 17361 Citrusinol (3), the dimethyl
pyrano derivative of C-8-prenylkaempfero, isolated from
the stems and leaves of Desmodium caudatin, has been
shown to have antibacterial and antifungal activities® It
has also shown cytotoxicity against KB cells and the
HepG2 cel line "

Sophoflavescenol (1), lavenochromane C (3, and cit-
rusinol 3) only occur at low levels in natural plants, and
ihis has negatively influenced further evaluation of their
biological activty. Therefore, the chemical synthesis of 1,2,
and 3 would be a very important way of addresing the
problem of their availabilty. I this paper, we describe the
first total synthesis of sophoflavescenol (1), flavenochroni-
ane € (2), and citrusinol (3) in 10-11 steps, stating from
commercially available 24 6-tribydroxyacetophenone and
MOM-protected 4-hydrosybenzaldehyde. The key siep is a
regioselective microwave-assisted Claisen rearrangement fo
form an 8-prenylated flavonoid from a 5-0-prenylflavonoid.
AN the compounds synthesized were characterized by 'H
and PC NMR spectroscopy and MS. The synthetic route
o sophoflavesenol (1), flvenochromane C (2), and cit-
rusinol (3) is shown in Schemes 1 and 2.

Results and Discussion

Starting material 24 6-tribydroxyacetophenone i coni-
mercially available. 2-Hydroxy-4 6-bis(methoxymethoxy)-
acetophenone (4) and 4-{methoxymethoxy)benzaldehyde
were prepared sccording to lterature procedures % A

Wiley Online Library 2297
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Continuous gas-liquid aerobic oxidation of toluene catalyzed
by [T(p-CI)PPFe],0 in a series of three stirred tank reactors

Weiping Luo ", Jun S, Jun Ye, Wei Deng, Qiang Liu, Cancheng Guo™
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1. totroduction

The oxidston of touene s one o the extzemely imporant
seacion n chemical indusisy. The afor produci, benzaldehyde
(BALD), benzylalcohol (BALC) and benzvic acd (BA) ave widely
used in pharmaceatical, dyestul, ood, cesin 3nd texile fer
indusires 121 I s stractve to abtain BALD 3nd BALC by the
divct oxdation of toluene,they ae iermediaies susceptie
further oxdation. The low selectiviy ot use of arge amounts of
soivents and bromides is 3 big problem 1-61, Aliematively, BALD
andBALC are mostly obtined by o sep method commercialy.
In the s step. the medhyl roup connecied 1o benzene ring s
halogented by chlorine, 3nd inthe second step, the hlogented
toluenewas bsic ydrolyzed o BALD and EALC by NaOH (7] Itis
compleprocessdischarging msive polluant sach s HX 535 and
heavy metal sals, which resuls In 3 seciods emviromenial
polltion. A emiroamentaly fendly oxidston. process of

e BALC, byl BALD, b skt B, bens i
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touene with i to BALD and BALC with high slecivity s ighly
desicable

Metalloporphycias have been proved to b a kind of excllent
catlyst fo the selective aeroble axidaton of hydrocarbons (],
such as alanes 9.10],cycloalkanes{ 11,12, oleia! 3] ec: Ao
them, the oxidation of cyeohexane o cyclohexanone and
eycloheanol caalyzed by metalloporphycins has been 3ppied
indusisally_in SINOPEC Corp. [14.15]. Recently. the acrobic
seectve osidstion of toluene to BALC and BALD cstayzed by
metalloporphyrins i asemi. bt reacior s reporied. I which
the 535 35 one of the resctanis was contimaously ed. while the
tiquid was bzch fed 1621 | Efects o reacton conditons s well
a5 the stnuctures and concenrations of catalyss o the oxdtion
process vere studied. The seslts showed 3 g0od selectviy of
BALCand BALD, which iners a potentialy green and envizonmen
ally endly industisl approsch o produce BALC and BALD. The
efecs of eactos opecation mode,Le. semi batch, continuous,on
Ehe xidation process have o been consideced in previous work.
HoweverSteemanet L. [22]zndpielman 23] sudied therescor
operation mode on the serobic oxdation of hydrocarbons and
found i would inflaence the slectvity andyied of the oxdation
{nermedies, Athough the catalys:systems adopted by Sieeman
et [22] and Spelman 123] were difecnt, the reactor opestion
‘mode might afec the selectivty andyield of ntecmediates BALC
adBALD in the biomimetic oxidation of oluene. Unforunately.
the oxdation technique was ladustcally appled. the most
probably reactor mode might be contiauous. S, it Is necessary
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Controllable synthesis of hollow and porous Ag/BiVO,
composites with enhanced visible-light photocatalytic
performancef

it s 5 A, 20733, 24550

YingHie Ma Sheng-Lian Luo? ChakTong Au

By adjusing the amoun: of AGNO,, hollow and porous siver bismth vanadase (AQ/BNO.) composies
e synhesized by a one-cep method wsing exhylen olycol and water as solvens,and ysine 35 3
surfacant. The as-syhesized samples were characirized by XRO, XPS, SEN, TEM (HRTEM), Ui ORS,
PL and nitogen adsorprion-desorption techniques. The effect of the amount of AQNO, on the
morphology of the producs was investigazed and using the ight amount of AGNO, was essenial (0
obain the hollow and porous stucture. A possible mecharism for the growch of the composices was
proposed. The phosocralyic performance of the composies was evalated for the degradation of
methylene blue and thodamine-8 in an aqueous soluion under isble-lgh iradiaton. The AQ/BNO.
composices showed excellen: phorocatalyic acivky a: a siver coniens of 65 wi%. The 65 ik Agl
BVO, catalys performed bercer than BV, a5 well s becer than the Agoped BNO, prepared by &
photoreducion method. There is  sirong relatonship besween photocatalyic performarce and the
Sruciure of catabyss. I vas deduced tha the excellen phococatalyic aciviy of 65 Wi AQ/BNO is
e o s hllow and porous snucure, lrge speific suface area, and AQ/BIVO, inrfaces.

Lang Chen,t* Rui Huang,
and shuang-Feng Yin®

Recee 1700y 2013
Accetea 7 Sesteer 2013
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1. Introduction

In the past two decades, semiconductor based photocatalysts
have been studid for applications i feds such asclean energy.
and environmenial proteccion.** Among the semiconductors
under investgation, BV, (abbreviaed hercinafer as BVO) is
known for its low band gap and response to visible light
especialy in monoclinic BVO)*” As the photocatalytic actiity
of semiconductors is structure dependent, effots have been
made to construet BVO of different morphologics. Using wet
chemical, flame assisted, ultrasound asssted, hydro- andior
Solvo thermal methods, BVO in the form of nanopartcles”
nanoleaves,” pyramidal shaped nanowire armays, micropart
cles nanoplates,” spindly microtubes, nanoellipsoids,* and
stars® have been synthesized. The materals are nonporous,
and reports on hollow and/or porous BVO ar few.** In terms
of photocataytic activiy, the non porous materials have two.
drawbacks: () low effciency in light sbsorption because of the.
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asprepared samples a4 posible mechani of the phocgenred harge
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‘smooth surface andior low sarface area, and (i) poor separation
andor migration of photogenerated electrons and holes.™
One o the ways to enhance the light absorption eficiency is
0 achiese multiple scatering of light on the surface of the
catalys. One can envisage thata sragely andor porous surface
would be suitable for light scatering. I other words, the path
of light going through 2 catalyst wold be lengthened if the
catalyst were changed from being smooth and non-porous (o
‘scragely and porous. To the best of our knowledge, there have
been no reports of a non spherical BVO that is hollaw and
porous. It is understood that with multiple seatering of light,
more photons could be hanested, and there would be an
increased amount of photogenerated charge carriers.”
Farthermore, the photocatalytic ativity of a materal would
be greatly improved if the photogenerated clectrons and holes
could be eficiently separated. = To promote the separation of
Photogenerated charge cariers, dopants such as Ag, Au,and Pt
are added. The charge transfer between semiconductor and
noble metal substandially improves the separation of clectrons
and holes. Furthermore, the nanostructures of the doped noble
metals can induce surface plasmon resonance leading (o better
absorption of visible light>* Amongst the noble metals used
for industrial applications, Ag is auractive because of its low
cost and ease of preparation as well a5 its strong electron
rapping abilty™ In the ltrature, there re several reports of
AZBNO composies that were synthesized by photoreduction
and sol-gel methods > These are complicated twosiep.
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