
UK BioChem 10 – 2 FDCA 
Name  Furan-2,5-dicarboxylic acid 

Synonyms  2,5-dicarboxyfuran, FDCA 

CAS Number 3238-40-2 
Molecular   C6H4O5 
formula  
MW   156.09 g mol-1 

Patents related 76 
to synthesis   

Why is it of interest? 
FDCA contains a number of interesting functional groups, the central 5 membered furan structure is an 

electron rich, planar aromatic ring. This is of great significance as there are very few bio-derived aro-

matics (the petrochemical industry predominantly utilises 6 member benzene ring aromatic structures). 

Furans can partake in a wide range of reactions such as cycloadditions and offer routes to other function-

ality of interest. The second key functionality is the carboxylic acids which can easily give rise to esters, 

thio-esters, amides, acid halides and acid anhydrides. As FDCA is a diacid, these carboxylic groups can be 

used in polymer synthesis with diols or diamines to form polyesters and polyamides respectively. It is in 

this application which FDCA is showing most promise.  

Route 1— via 5-(hydroxymethyl)furfural (HMF)  

Highlighted routes of production 

There are a raft of publications following this route; chemo-catalytically the highest reported yields for 

HMF from fructose are 98% in both papers1 and patents.2 HMF to FDCA is reported at near quantitative 

yields,3 giving a cumulative yield of 97% and an atom economy (AE) of 63.9 %, but reaction mass efficien-

cy (RME) is low (0.5%) due to the huge excess of oxidising agent, usually in the form of compressed O2 or 

UK sugar beet production 8,000,000 tones pa, of which  Required beet 294,000 tones, resulting in Sug-

ar production of 50,000 tones pa, feeding pilot plant to potentially produce PEF 49,500 tones pa,  giv-

ing 4950 million 0.5 litre plastic bottles weighing 10 g each 

Feedstocks for FDCA 
 All bio-derived routes to FDCA have the monosaccharide fructose or glucose as their start point. Fructose 

is the less abundant of the two but is already a 5 membered ring and as such offers an easy route to FDCA 

via dehydration. Glucose can either directly be converted to FDCA or can easily be converted to fructose. If 

taken from a primary biomass (i.e. grown for the specific purpose of producing a chemical), both method-

ologies could encroach on food provision, however such monosaccharides can be obtained from second-

ary biomass (parts of a crop not used in food production) or unavoidable/inedible food waste to circum-

vent this. However for ease of analysis, all  routes of production are taken from the free sugar. 



or in some cases air. These high yielding reactions take place at elevated pressure (40 bar) and/or tem-

perature (100-140 C) and as such are energy intensive although lower yields are published under more 

mild conditions. In ideal conditions 1.19 kg of sugar would yield 1 kg of FDCA. The optimum cumulative 

yield from cellulose is  52.2% (AE = 69.0%, RME 0.5%), requiring 2 kg of biomass to give 1 kg of FDCA. 

Bio-catalytically there are many routes available to convert HMF to FDCA via either 5-(hydroxymethyl)-

furan-2-carboxylic acid or 2,5-diformylfuran (DFF), with the highest paper yield of 95%4 and patent yield 

of 80%.5 Interestingly in most cases, the transformation requires a number of enzymes (oxidases and de-

hydrogenases) but recently the discovery of HMF oxidase has allowed for the production in a single step. 

These reactions occur at much more mild temperatures (25 to 37 C), have a lower atom economy due to 

hydrogen peroxide as the oxidant in place of O2 (55.3 %) but a significantly higher RME as stoichiometric 

quantities are required per step (51.9 %). The reactions however are considerably slower and generally 

low concentration ~10g L-1 but with water as the solvent. In ideal conditions,  1.24 kg of fructose would 

yield 1 kg of FDCA, while 2.07 kg of cellulose would give 1 kg of FDCA (AE = 59.1%, RME = 36.2 %).  

Additionally higher concentration whole cell bioprocesses have been claimed to yield 152 g L-1 of FDCA 

from HMF.6  
Route 2— via aldaric acids 

 

 

 

Aldaric acids are platform molecules of interest as they offer bio-derived routes to many monomers, such 

as adipic acid used in nylon production. The aldaric acid, galactaric acid, can be easily obtained from the 

mild oxidation of pectin both biologically7 and chemo catalytically.8 Here the optimal cumulative yield is 

51.5%, the AE is 69% as only one oxidation is required from pectin to the aldaric acid, with FDCA being 

formed through reductive cyclisation. The RME is low at 7.8% which is as a result of the excess of O2. This 

route is potentially very interesting as optimisation can increase yield and RME, although pectin is cur-

rently not available in sufficient quantities and should also be utilised as a food stuff first and foremost. 

Applications of FDCA 
FDCA has many potential applications; by far the most interesting is in the production of polyethylfu-

randicarboxylic acid (PEF) as a bio-derived alternative to polyethyleterephthalate (PET). Early studies of 

PEF show that it has improved barrier properties than PET, can be applied as a drop in replacement for 

PET and can be recycled with it at up to 20 weight% with no mechanical detriment.  Recently Avantium, 

along with a consortium of 10 other companies, announced plans in 2017 to build a 50,000 tonnes per 

annum plant to produce FDCA.9 Similarly Coca-Cola published the synthesis of PET via the reaction of 

FDCA with ethane. There are patents on the production of other monomers from FDCA such as diamides 

and the production of diesters as binders. A number of multinationals have patented the synthesis of 

more complex diesters, potentially via acid chlorides, for the production of plasticisers. FDCA have been 

patented in the synthesis of MOFS for the production of novel heterogeneous catalysts in addition to the 

production of novel ligands for catalytic processes.  

References: 1. DOI: 10.1002/ange.200803207, DOI: 10.1002/c ssc.201200236, 2. JP2015209411 (A), JP2012149008, 3.US2015/376154, DOI: 

10.1007/s10562-011-0707-y, 10.1039/C0GC00911C, 4.DOI.org/10.1002/anie.201402904, 5.WO2016/202858 A1, 6.US9309546, 

7.DOI:10.1002/cctc.201600069, 8.DOI: 10.1039/C5RA01802A, 9.www.avantium.com/press-releases/synvina-press-release/  



Additional feedstocks  
Three sets of feedstocks have been investigated to determine how much of each would be required to 

supply a 50 kton PEF plant. First generation biomass, energy crops and second generation biomass. 

First generation biomass 
The crops presented are those that are most intensively farmed in the UK, principally as food crops, alt-

hough a small percentage of wheat, maize and sugar beet are also utilised in industrial applications. Sugar 

cane figures are from Brazil.* 

Energy crops 
Both Miscanthus and short rotation coppice are primarily grown for energy generation in biomass boilers. 

Data here for the latter has been generated using Willow as this is the crop most commonly used. Forest-

ry waste is material left in woodland post harvesting and generally is 10-15% by mass compared to  the 

lumber harvested. The average value has been used here and only softwood has been considered. 

Second generation biomass 
This is byproducts of food production which contain an appreciable quantity of cellulose that can be de-

polymerised to give sugars for use in the synthesis of platform molecules. Additionally included is the 

steam autoclaving of municipal solid waste (the Wilson process), the organic fraction of which is convert-

ed into a fibre rich in free sugars. 

feedstock 
ktons needed to supply a 50 

kton PEF plant 
ktons produced 
per annum (UK) % required 

wheat straw 208.3 3828 5.44 

barley straw 250.0 1850 13.52 

maize stover 168.9 916 18.44 

oilseed rape 
straw 195.3 379 51.50 

oat straw 231.5 247 93.81 

MSW 416.7 15734 2.65 

crop 
ktons needed to supply a 

50 kton PEF plant 
ktons produced per 

annum (UK) % required 

wheat 68.5 14837 0.46 

barley 68.5 7169 0.96 

maize 67.6 3054 2.21 

sugar beet 294.1 8325 3.53 

potatoes 285.7 5075 5.63 

field beans 277.8 965 28.79 

oats 75.8 875 8.66 

sugar cane* 500.0 666925 0.07 

crop 

ktons needed supply make 

50 kton PEF plant 

ktons produced per 

annum (UK) % required 

forestry waste 379.5 1340.9 28.30 

miscanthus 134.4 87.5 153.61 

short rotation 125.0 28.2 443.26 


