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ABSTRACT 


With the development of renewable energy, proton 
 exchange membrane fuel cells (PEMFCs) are considered 
 as  a  promising  candidate  of  next-generation  energy 
 conversion.  While  the  design  of  proton  exchange 
 membranes (PEMs) have been considerably investigated 
 over  the  last  decades,  the  performance  and  durability 
 are still issues in PEMFCs. We have synthesized a series 
 of sulfonated poly(arylene perfluoroalkylene)s with well-
 developed morphology, high proton conductivity, good 
 fuel  cell  performance  and  excellent  oxidative  stability. 


The  relationship  among  the  chemical  structures,  bulk 
 membrane  properties  and  fuel  cell  performance  is 
 discussed  and  reviewed.  The  properties  of  those 
 membranes are compared with the-state-of-the-art PEM 
 (perfluorosulfonic acid). 


Keywords:  proton  exchange  membranes,  sulfonated 
 poly(arylene perfluoroalkylene)s, fuel cells 


NONMENCLATURE 
 Abbreviations   
 PEM 


PEMFCs 
 PFSA 
 SPAF 
 IEC 


Proton exchange membrane 
 Proton exchange membrane fuel 
 cells 


Perfluorosulfonic acid 
 Sulfonated poly(arylene 
 perfluoroalkylene) 
 Ion exchange capacity 


OCV  Open circle voltage 


1. INTRODUCTION 


As  a  promising  energy-conversion  devices,  proton 
 exchange membrane fuel cells (PEMFCs) have been paid 
 much  more  attention  because  of  their  high  efficiency, 
 high  power  density  and  zero-pollution  emission[1,2]. 
 Proton  exchange  membranes  (PEMs)  is  a  core  to 
 transport protons and water and prevent the crossover 
 of hydrogen and oxygen gases[3]. Up to now, the state-of-
 the-art PEMs are based on perfluorosulfonic acid (PFSA) 
 ionomers such as Nafion from DuPont due to their high 
 proton conductivity, mechanical properties, and fuel cell 
 performance.  Nevertheless,  the  issues  from  PFSA 
 membranes can not be neglected, such as complicated 
 and  costly  synthesis  to  increase  the  cost  of  PFSA,  low 
 glass  transition  temperature  (90-100  °C)  to  limit  the 
 operable  temperature  of  fuel  cells,  and  high  gas 
 permeability to lower the efficiency and durability[4-6].   


To address the above-mentioned issues, a number of 
 hydrocarbon  PEMs  with  various  structures  have  been 
 investigated[7],  such  as  sulfonated  poly(arylene  ether 
 sulfone)s[8-9],    sulfonated  poly(arylene  ether  ether 
 ketone)s  [10-11]  and  sulfonated  polyphenylenes[12-13]. 
 However,  none  have  successfully  taken  the  place  of 
 PFSAs  because  difficulties  lie  in  the  trade-off  relation 
 among  proton  conductivity,  mechanical  properties  and 
 chemical stability.   


We  have  focused on the  novel PEM materials over 
decades. Recently, much more attention was paid to the 



(2)PEMs  containing  no  chemically  vulnerable  heteroatom 
 linkages (for example, ether, sulfide, and sulfone groups) 
 in  the  main  chain  and  sulfonated  poly(arylene 
 perfluoroalkylene)s  (SPAFs)-based  PEMs  were 
 developed[14-20]. 


2.  RESULTS AND DISCUSSION 


SPAFs  is  the  combination  of  perfluoroalkylene, 
 phenylene and sulfonated phenylene groups, where the 
 strongly hydrophobic perfluoroalkylene makes the main 
 chain  flexible  and  the  sulfonated  phenylene  is  the 
 functional groups for proton conduction.   


2.1  Synthesis   


The  key  monomer  (PAF  monomer)  containing 
 perfluoroalkylene  was  synthesized  from  perfluoro-1,6-
 diiodohexane  and  1-chloro-3-iodobenzene  by  Cu-
 mediated Ullmann coupling reaction in high yield (>85%), 
 as shown in Figure 1 [21]. 


SPAF-based  polymers  were  synthesized  by  direct 
 polymerization  from  PAF  monomer  and  sulfonated 
 phenylene  monomer  (SP  monomer)  and  post-
 sulfonation.  Due  to  the  lower  polymerization  activity 
 between  PAF  monomer  and  SP  monomer  in  the  Ni-
 catalyzed  polymerization,  the  obtained  polymer  with 
 lower  IEC  (1.52  meq  g-1)  possessed  slightly  high 
 molecular  weight  (Mw  =  64  kDa,  Mn  =13  kDa)  and 
 provided  a  flexible  membrane  while  the  polymer  with 


high IEC (2.5 meq g-1) showed low molecular weight (Mw 


= 34 kDa, Mn =5 kDa) and  provided a broken  and rigid 
 membrane.[20]  Therefore,  the  third  components  with 
 better  reactivity,  such  as  alkylene[20],  phenylene[17]  and 
 quinquephenylene[19],  were  introduced  to  improve  the 
 molecular weight and membrane-forming capability. The 
 obtained  terpolymers,  as  shown  in  Figure  2,  proposed 
 higher molecular weight (Mw > 168 kDa, Mn > 46 kDa) 
 and  excellent  membrane  forming  capability,  even  for 
 terpolymers with higher IEC than 2.5 meq g-1, as shown 
 in  Table  1.  Additionally,  another  preparation  of  SPAF-
 based  polymers  was  post-sulfonation  of  precursor  PAF 
 polymers. The precursor PAF polymers were synthesized 
 from  PAF  monomer  and  (multi)phenylene  by  Ni-
 catalyzed  polymerization  and  then  post-sulfonated  by 
 oleum to obtained SPAF polymers. SPAF-MM from PAF 
 monomer and meta/para-phenylene monomer was easy 
 one but its titrated IEC was only 1.59 meq g-1 while the 
 theoretical IEC based on one substitution of sulfonic acid 
 group  per  phenylene  ring  was  3.98  meq  g-1   probably 
 because  of  the  strongly  electron-withdrawing 
 perfluoroalkylene  groups[14].  Therefore,  SPAF-MM 
 showed  lower  proton  conductivity  at  low  relative 
 humidity. To increase proton conductivity, two strategies 
 were  carried  out.  One  is  the  ordered  morphology  via 
 highly  sulfonated  moieties.  Therefore,  the  mono-
 phenylene  monomer  was  replaced  with 
 quinquephenylene  monomer  to  obtain  SPAF-QP 
 containing densely sulfonic acid groups.[16] Another is to 
 increase phenylene amount via pendent phenyl, such as 
 SPAF-BM[14].  SPAF-QP  and  SPAF-BM  both  exhibited 
 higher  IEC  than  that  of  SPAF-MM  probably  because  of 
 the  electronic  (i.e.,  lack  of  the  neighboring,  electron-
 withdrawing  perfluoroalkylene  groups)  and  steric  (i.e., 
 less crowded) effects.   


Fig. 1. Synthesis of PAF monomer 
 . 


Fig. 2. Chemical structures of SPAF-based membranes 



(3)2.2  Morphology   


The  morphology  of  SPAF-based  membranes  was 
 analyzed  by  cross-sectional  transmission  electron 
 microscopic images in Fig. 3, where the dark areas show 
 hydrophilic  domains  containing  stained  sulfonic  acid 
 (−SO4−(Pb2+)1/2)  groups  and  their  aggregates  and  the 
 bright  areas  represent  the  hydrophobic  domains.  All 
 SPAF-based  membranes  exhibited  well-developed 
 phase-separation  because  of  difference  of  hydrophilia 
 between  perfluoroalkylene  and  sulfonated  phenylene. 


Compared with the direct-polymerization-polymers, the 
 post-sulfonated  polymers  showed  more  distinct 
 interface between hydrophilic and hydrophobic domain, 
 indicating  well-developed  phase-separation  of  post-
 sulfonated  polymers  and  the  third  component  with 
 moderate hydrophilia (phenylene, quinquephenylene or 
 alkylene) in the direct polymerization make the interface 
 vague. The hydrophilic domain size was 3.0 nm for SPA-
 B (2.51 meq g-1), 1.9 nm for SPAF-pP (1.85 meq g-1), 3.2 
 nm for SQF (2.56 meq g-1), 1.6-2.0 nm for SPAF-MM (1.59 
 meq g-1), 2.6 nm for SPAF-QP (1.97 meq g-1) and 2.1 nm 


for SPAF-BM    (2.01 meq g-1), corresponding to the IEC 
 value of membranes . 


2.3  Water uptake and proton conductivity 


Water  uptake  and  proton  conductivity  were 
 conducted at 80 ℃, as shown in Fig.4. It is reasonable 
 that as increasing humidity, the water uptake and proton 
 conductivity  were  increased.  Among  the  direct-
 polymerization  polymers,  SQF  exhibited  higher  water 
 uptake  and  proton  conductivity  while  their  IEC  was 
 similar  in  comparison  with  SPAF-B,  indicating  π-π 
 conjunction  phenylene-based  main  chain  was  more 
 Table 1. Composition, molecular weight, IEC of SPAF-based membranes 


Polymer  m:n:o  Mn (kDa)a Mw (kDa) a Mw/Mn a


Membrane 
 forming 
 capability 


IECTitration 
 (meq g-1)b


SPA[14] 1:0:1.1  13  64  4.92  О  1.52 


SPA[14] 1:0:1.85  5  34  6.8  ⅹ - 


SPA-B[14] 0.65:0.35:2.14  88  168  1.91  О  2.51 


SQF[13] 1:1:4.7  46  194  4.22  О  2.56 


SPAF-pP 


1.85[11] 1:1:1.71  79  172  2.18  О  1.85 


SPAF-MM [12] 1:0.48:0.62  96  856  8.92  О  1.59 


SPAF-QP[10] 1:0.22  164  431  2.62  О  1.97 


SPAF-BM [8] 1:0.48:0.62  216  744  3.44  О  2.07 


a Determined by GPC; bObtained by acid-base titration. 


Fig. 3. Mophology of SPAF-based membranes stained with 
 Pb2+ ions. 


. 


(a) SPA-B (b) SPAF-pP (c) SQF


(d) SPAF-MM (e) SPAF-QP (e) SPAF-BM


Fig. 4. Water uptake and proton conductivity of SPAF-based 
 membranes as a function of RH at 80 ℃. 
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(4)hydrophilic  and  therefore  beneficial  to  the  proton 
 conductivity,  compared  with  alkylene-contained 
 backbone for sulfonated aromatic polymers. It is worth 
 noting that SPAF-BM and SPAF-QP showed higher water 
 uptake and proton conductivity than those of SQF (2.56 
 meq  g-1)even  though  the  IEC  (1.97-2.07  meq  g-1)  was 
 lower. Probably because the intrapolymer ladderization 
 reaction proceeded in the post-sulfonation to introduce 
 the  sulfone-bonded  ladder  structure[15],  which  could 
 improve  the  hydrophilization  and  conjunction  of 
 backbone  and  is  responsible  to  the  higher  proton 
 conductivity. 


2.4  Fuel cell performance 


The  fuel  cell  based  on  the  SPAF-based  membranes 
 was evaluated at 80 ℃  under humidity of 100% RH and 
 30%  RH  with  70%  and  40%  utilization  for  H2  and  O2, 
 respectively, as shown in Fig.5. At 80 ℃  and 100% RH, 
 the fuel cell performance of SPAF-based membranes was 
 similar to Nafion NRE 211 with supplying O2 while it was 
 lower  with  supplying  air  even  though  the  ohmic 
 resistance  of  all  cells  was  similar  (0.05-0.08 Ω  cm2), 
 suggesting  the  issue  of  compatibility  between  SPAF-
 based membranes  and  Nafion-based  catalyst  layers. At 


30%  RH,  SPAF-MM  and  SPAF-pP  membranes  showed 
 lower fuel cell performance than others because of the 
 higher  ohmic  resistance  (lower  proton  conductivity  at 
 low  humidity).  In  addition,  interfacial  issue  was  more 
 obvious  for  SPAF-B  membrane  at  30%  RH.  SPAF-B 
 exhibited obviously lower ohmic resistance than that of 
 SPAF-pP  while  the  fuel  cell  performance  was  similar, 
 further  suggesting  of  the  inferior  compatibility  with 
 Nafion-based catalyst layer, indicating the alkylene in the 
 main  chain  lower  the  interfacial  compatibility.  Among 
 the new designed SPAF-based membranes, SPAF-QP and 
 SPAF-BM  are  more  promising  because  of  comparable 
 fuel cell performance to that of Nafion NRE 211 at wide 
 range of humidity (30-100% RH) because of high proton 
 conductivity  and  fluorine  amount  to  enhance  the 
 interfacial compatibility with Nafion-based catalyst layer. 


The  oxidative  stability  of  those  SPAF-based 
 membranes was evaluated by OCV hold test at 80℃  and 
 30% RH. The lifetime of Nafion NRE 211 membrane was 
 lower  than  250  h  because  of  high  gas  permeability. All 
 SPAF-based membranes showed excellent durability and 
 withstood  the  OCV  hold  test  for  1000  h  with  low  OCV 
 decay.  The  average  decay  was  in  order,  40  μV  h−1  for 
 SPAF-BM < 50 μV h−1 for SPAF-QP = 50 μV h−1 for SPAF-
 MM < 60 μV h−1 for SPAF-pP < 90 μV h−1 for SQF < 120 μV 
 h−1  for  SPA-B.  Among  the  polymers  from  direct 
 polymerization,  SPA-B  and  SQP  exhibited  the  apparent 
 degradation of fuel cell performance in the post analysis, 
 compared with SPAF-pP, indicating that 1) the alkylene 
 in SPA-B membrane went against the oxidative stability 
 of SPAF-based membranes and 2) higher IEC SPAF-based 
 membranes  (i.e.  high  amount  of  sulfonic  acid  groups) 
 were more easily attacked by the free radical, resulting 
 in  falling  sulfonic  acid  groups  off.  The  post-sulfonated 
 SPAF-based  membranes  all  possessed  excellently 
 oxidative  stability,  only  40-50 μV  h−1  of  average  decay 
 during OCV hold test for 1000 h. The post-mortem results 
 showed  that  three  post-sulfonated  polymers  exhibited 
 excellent  reproducibility  of  fuel  cell  performance  after 
 OCV hold test for 1000 h. Therefore, the post-sulfonated 
 SPAF membrane showed better oxidative stability than 
 those  from  direct  polymerization,  probably  because 
 ladderization  structure  in  the  post-sulfonated  SPAF 
 membranes could make the membrane dense and lower 
 the gas permeability. 


CONCLUSION   


A  series  of  SPAF-based  membranes  containing  no 
 chemically vulnerable  heteroatom  linkages  in the  main 
 chain  have  been  developed  and  therefore  exhibited 
 excellently oxidative stability under OCV condition. SPAF-
 Fig. 5. Fuel cell performance of SPAF-based membranes at 


(a) 80 ℃  and 100% RH and (b) 80 ℃  and 30% RH. 


. 



(5)based  membranes  possessed  well-developed 
 morphology on account of the great difference of water 
 affinity  between  perfluoroalkylene  and  sulfonated 
 phenylene. The SPAF-based membranes were prepared 
 by  direct  polymerization  from  sulfonated  phenylene 
 monomer  or  post-sulfonation  and  herein  made  a 
 comparison.  Compared  with  direct-polymerization 
 polymers,  the  post-sulfonated  SPAF-based  membranes 
 possessed  higher  molecular  weight,  water  uptake, 
 proton  conductivity,  fuel  cell  performance  and 
 durability,  probably  because  of  the  generation  of 
 sulfone-bonded  ladder  structure  during  post-
 sulfonation,  which  improved  the  hydrophilization  and 
 conjunction  of  backbone.  The  average  decay  of  post-
 sulfonated  SPAF-based  membranes  was  only  40-50 μV 
 h−1  after  OCV  hold  test  for  1000  h  and  the  fuel  cell 
 performance  was  easily  reproduced.  Therefore,  such  a 
 series  of  post-sulfonated  SPAF  membranes  was 
 promising to take the place of PFSAs because of similar 
 fuel  cell  performance  at  wide  range  of  humidity  and 
 much more superior oxidative stability. 


ACKNOWLEDGEMENT 


This work was partly supported by the New Energy 
 and  Industrial  Technology  Development  Organization 
 (NEDO),  the  Ministry  of  Education,  Culture,  Sports, 
 Science and Technology (MEXT), Japan, through Grants-
 in-Aid for Scientific Research (18H05515), Japan Science 
 and Technology (JST) through SICORP (JPMJSC18H8), JKA 
 promotion  funds  from  AUTORACE,  the  thermal  and 
 electric energy technology foundation. 


REFERENCE 


[1] Lü X, Wu Y, Lian J, Zhang Y, Chen C, Wang P, Meng L. 


Energy management of hybrid electric vehicles: A review 
 of energy optimization of fuel cell hybrid power system 
 based  on  genetic  algorithm.  Energy  Convers  Manag 
 2020; 205: 112474 


[2] Wang X, Li Z, Qu Y, Yuan T, Wang W, Wu Y, Li Y. Review 
 of  metal  catalysts  for  oxygen  reduction  reaction:  from 
 nanoscale engineering to atomic design. Chem 2019; 5: 


1486–511. 


[3] Wang Y, Diaz D F R, Chen K S, Wang Z, Adroher X C. 


Materials,  technological  status,  and  fundamentals  of 
 PEM fuel  cells –  A review.  Mater Today 2020; 32: 178-
 203. 


[4] Miyake J, Taki R, Mochizuki T, Shimizu R, Akiyama R, 
 Uchida M, Miyatake K. Design of flexible polyphenylene 


proton-conducting  membrane  for  next-generation  fuel 
 cells. Sci Adv 2017; 3: eaao0476. 


[5]  Long  Z,  Miyatake  K.  ePTFE  reinforced,  sulfonated 
 aromatic  polymer  membranes  enable  durable,  high-
 temperature  operable  PEMFCs.  iScience  2021;  24: 


102962. 


[6]  Long  Z,  Miyatake  K.  High-performance  fuel  cell 
 operable  at  120  °C  using  polyphenlyene  ionomer 
 membranes with improved interfacial compatibility. ACS 
 Appl Mater Interfaces 2021; 13: 15366−72. 


[7]  Liu  Y,  Developments  of  highly  proton-conductive 
 sulfonated  polymers  for  proton  exchange  membrane 
 fuel cells. Polym Chem 2012; 3: 1373-83. 


[8]  Kim  J,  Lee  H,  Cho  E-B,  Bae  B.  Fenton  stability  of 
 mesoporous  ceria–silica  and  its  role  in  enhanced 
 durability  of  poly(arylene  ether  sulfone)  multiblock 
 copolymer composite membranes for  perfluorosulfonic 
 acid alternatives. ACS Omega    2021; 6: 25551-61. 


[9] Goo B-H, Munsur A Z A, Choi O, Kim Y, Kwon O J, Kim 
 T-H. Sulfonated poly(ether sulfone)-coated and -blended 
 Nafion  membranes  with  enhanced  conductivity  and 
 reduced hydrogen permeability. ACS Appl Energy Mater 
 2020; 3: 11418–33. 


[10] Pugalenthi M R, Manimuthu R P. Synergistic effect 
 of  polydopamine-modified  CaZrO3  perovskite  and 
 hydroxylated  SPEEK  on  acid–base  cation  exchange 
 membrane fuel cells. Energy Fuels 2021; 35: 16837–49. 


[11] Cai Y Y, Wang J J, Cai Z H, Zhang Q G, Zhu A M, Liu Q 
 L. Enhanced performance of sulfonated poly(ether ether 
 ketone) hybrid membranes by introducing sulfated MOF-
 808/graphene oxide composites. ACS Appl Energy Mater 
 2021; 4: 9664–72. 


[12] Xu S, Adamski M, Killer M, Schibli E M, Frisken B J, 
 Holdcroft S. Sulfo-phenylated polyphenylenes containing 
 Sterically hindered pyridines. Macromolecules 2019; 52: 


2548-59. 


[13]  Skalski  T  J  G,  Britton  B,  Peckham  T  J,  Holdcroft  S. 


Structurally-defined, sulfo-pheny 


lated, oligophenylenes and polyphenylenes. J Am Chem 
 Soc 2015; 137: 12223-26. 


[14]  Long  Z, Miyake  J,  Miyatake K.  Partially  fluorinated 
 polyphenylene  ionomers  as  proton  exchange 
 membranes  for  fuel  cells:  effect  of  pendant  multi-
 sulfophenylene groups. ACS Appl Energy Mater 2019; 2: 


7527−34. 


[15]  Long  Z,  Miyake  J,  Miyatake  K.  Ladder-type 
 sulfonated  poly(arylene  perfluoroalkylene)s  for  high 
 performance proton exchange membrane fuel cells. RSC 
 Adv 2020; 10: 41058-64. 


[16]  Long  Z,  Miyake  J,  Miyatake  K.  Proton  exchange 
membranes  containing  densely  sulfonated 



(6)quinquephenylene  groups  for  high  performance  and 
 durable fuel cells. J Mater Chem A 2020; 8: 12134-40. 


[17]  Long  Z,  Miyake  J,  Miyatake  K.  Sulfonated 
 poly(arylene  perfluoroalkylene)  terpolymers  as  novel 
 proton exchange membranes for high performance fuel 
 cells. Bull Chem Soc Jpn 2020; 93: 338–44. 


[18] Mochizuki  T,  Uchida  M,  Miyatake  K.  Simple,  effective 
 molecular  strategy  for  the  design  of  fuel  cell  membranes: 


combination  of  perfluoroalkyl  and  sulfonated  phenylene 
 groups. ACS Energy Lett 2016; 1: 348−52. 


[19]  Zhang  Y,  Miyake  J,  Akiyama  R,  Shimizu  R,  Miyatake  K. 


Sulfonated phenylene/quinquephenylene/perfluoroalkylene 
 terpolymers as proton exchange membranes for fuel cells. ACS 
 Appl Energy Mater 2018; 1: 1008−15. 


[20]  Ahn  J,  Miyatake  K.  Sulfonated  terpolymers  containing 
 alkylene  and  perfluoroalkylene  groups:  effect  of  aliphatic 
 groups  on  membrane  properties  and  interface  with  the 
 catalyst layers. ACS Appl Energy Mater 2018; 1: 3965–72. 


[21] Ono H, Miyake J, Shimada S, Uchida M, Miyatake K. Anion 
exchange  membranes  composed  of  perfluoroalkylene  chains 
and  ammonium-functionalized  oligophenylenes.  J  Mater 
Chem A 2015; 3: 21779-88. 





    
  




      
      
        
      


            
    
        Referencer

        
            	
                        
                    



            
                View            
        

    


      
        
          

                    Hent nu ( PDF - 6 Sider - 672.99 KB )
            

      


      
      
        
  RELATEREDE DOKUMENTER

  
    
      
          
        
            – a systematic review and state of the field analysis
        
      

        Based on this, each study was assigned an overall weight of  evidence classification of “high,” “medium” or “low.” The overall weight of evidence may  be characterised as

    
      
          
        
            HTPEM Fuel Cell Impedance
        
      

        One of the fuel cell technologies, that receives much attention from the Danish scientific community is high temperature proton exchange membrane (HTPEM) fuel cells based

    
      
          
        
            Aalborg Universitet Degradation Effect on Reliability Evaluation of Aluminum Electrolytic Capacitor in Backup Power Converter Zhou, Dao; Wang, Huai; Blaabjerg, Frede; Kær, Søren Knudsen; Hansen, Daniel Blom
        
      

        Then, in a case study of a fuel cell backup power  application, the mission profile based lifetime expectancy  of the individual capacitor and the capacitor bank is  estimated in

    
      
          
        
            View of Fiscal measures to Reduce CO2 emissions from new passenger cars
        
      

        •  Fuel tax increases provide only very small reductions of the average CO 2  emissions of new cars compared to vehicle taxes.. The model is based on a revised and enhanced version

    
      
          
        
            Amendment sheet 
        
      

        Currently a wide range of government and industry-sponsored LIB material, cell, and system level research  is taking place. Some of the  ongoing material  research to further

    
      
          
        
            Based on Reflective Practice-based Learning Jensen, Camilla Gyldendahl
        
      

        collection and abductive reasoning to investigate how a perspective of Game-Based  Learning inspires the development of a new teaching and pedagogical concept with  the aim

    
      
          
        
            Aalborg Universitet Predicting Performance Degradation of Fuel Cells in Backup Power Systems Heindorf Sønderskov, Simon
        
      

        The studies in this work are based on a unique dataset, which comprises field measurements from numerous fuel cell based backup power systems, which have been operating

    
      
          
        
            Measuring Child Well-being An overview of potential measurement instruments
        
      

        The primary outcome of this report is identification of a battery of instruments that are suitable as common  measures of well-being across a wide range of studies of children

      



      

    

    
            
            
      
  RELATEREDE DOKUMENTER

  
          
        
    
        
    
    
        
            Going Round in Circles: the teaching of and the potential new roles of fashion designers in organizations transitioning to a circular economy
        
        
            
                
                    
                    4
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            A Bit(e) of the Everyday- The Meaning of Meals in the New Living Units for Elderly: En bid/en lille del af hverdagen- Måltiderendes betydning i et leve- og bomiljø
        
        
            
                
                    
                    1
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            A review of nature-based solutions for urbanwatermanagement in European circular cities: a critical assessment based on case studies and literature
        
        
            
                
                    
                    26
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            A review of nature-based solutions for urbanwatermanagement in European circular cities: a critical assessment based on case studies and literature
        
        
            
                
                    
                    25
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Based on Reflective Practice-based Learning Jensen, Camilla Gyldendahl
        
        
            
                
                    
                    376
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Aalborg Universitet Prediction of Seismic Damage-Based Degradation in RC Structures Kirkegaard, Poul Henning; Gupta, Vinay K. ; Nielsen, Søren R.K.
        
        
            
                
                    
                    16
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Udviklingen af kynisme fra politistuderende til betjent Fokus på kynismens delaspekter og arbejdsmæssige faktorer
        
        
            
                
                    
                    17
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Fuzzy Predictions for Strategic Decision Making A Third-Generation Prediction Market
        
        
            
                
                    
                    36
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

      


              
          
            
          

        

          

  




  
  
  
    
      
        Company

        	
             Om os
          
	
            Sitemap

          


      

      
        Kontakt  &  Hjælp

        	
             Kontakt os
          
	
             Feedback
          


      

      
        Juridisk

        	
             Vilkår for brug
          
	
             Politik
          


      

      
        Social

        	
            
              
                
              
              Linkedin
            

          
	
            
              
                
              
              Facebook
            

          
	
            
              
                
              
              Twitter
            

          
	
            
              
                
              
              Pinterest
            

          


      

      
        Få vores gratis apps

        	
              
                
              
            


      

    

    
      
        
          Skoler
          
            
          
          Emner
                  

        
          
                        Sprog:
            
              Dansk
              
                
              
            
          

          Copyright 9pdf.org © 2024

        

      

    

  




    



  
        
        
        
          


        
    
  
  
  




     
     

    
        
            
                

            

            
                                 
            

        

    




    
        
            
                
                    
                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                    

                    
                        

                        

                        

                        
                            
                                
                                
                                    
                                

                            

                        
                    

                    
                        
                            
                                
  

                                
                        

                        
                            
                                
  

                                
                        

                    

                

                                    
                        
                    

                            

        

    


