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Circular Case 4, Chemical Sector

• Overview of the paperChain project

• Overview of CC4 project activities

• Involved companies

• Ethanol production from fiber rejects

• Wood based cellulose for cellulose ether production

• Ethyl chloride from ethanol

• Evaluation of wood based cellulose in Bermocoll® production
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Circular Case 4, Chemical Sector
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paperChain, CC-4
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Ethanol Fermentation, PFD

Hemicellulose and 

Cellulose (fiber rejects)

Monosugars

C6 + C5

Fermentation

Sugars to ethanol

Distillation
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Hydrolysis/Fermentation of Fiber Rejects
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Pulp for cellulose ethers

First stage – Pilot scale investigation

• Pilot scale test run at MoRe Research 

• Investigate suitability of Domsjö pulp in 
cellulose ether trials 

- pilot testing at Nouryon

• Full scale trials at Domsjö Fabriker, 7 cooks in 
total

• Different conditions used in the consecutive 
cooks

Pulp viscosity is important for cellulose ethers. Other variables that are also 

important to follow are brightness, kappa number, and hemicelluloses. 

Photo 1.  Wood Chips from pilot cooking trial



Ethyl Chloride production
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Synthesis of ethyl chloride, PFD

Simplified process diagram
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Ethyl Chloride Pilot Plant
• Construction is finished

• Programming of control system is finished

• Risk assessment completed

• Successful trials for production of  ethyl 
chloride 

• Final work with fine tuning the process

• Flow rate

• Ratio of HCl:Ethanol

• Temperature

• Distillation trials

• Catalyst evaluation
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Summary of trial runs

𝐻𝐶𝑙 + 𝐸𝑡ℎ𝑎𝑛𝑜𝑙
𝐶𝑎𝑡𝑎𝑙𝑦𝑠𝑡+ℎ𝑒𝑎𝑡

𝐸𝑡ℎ𝑦𝑙 𝑐ℎ𝑙𝑜𝑟𝑖𝑑𝑒 + 𝐷𝑖𝑒𝑡ℎ𝑦𝑙 𝑒𝑡ℎ𝑒𝑟 +𝑊𝑎𝑡𝑒𝑟

Diethyl ether is undesirable but small amounts acceptable

Sampling point
Ethyl
chloride

Diethyl
ether Ethanol Water

Other/
unknown

Reactor temp 
(avg) [°C]

Ethanol
[ml/h]

Molar ratio
HCl/EtOH

Product vessle 73% 22.0% 1% 0% 4.5% 325 100 0.4

reflux 83% 11.2% 2% 0% 4.4% 314 100 0.6

reactor 24% 2.4% 30% 34% 8.7% 314 100 0.6

reflux 65% 1.9% 6% 25% 2.6% 314 100 0.8

reactor 48% 1.8% 17% 22% 11.2% 314 100 0.8

reactor 53% 1.7% 13% 21% 11.2% 317 100 0.8

reflux 39% 0.8% 2% 57% 1.7% 317 100 0.8

reflux 58% 1.1% 6% 33% 1.9% 313 80 0.98

reactor 33% 1.3% 20% 36% 9.1% 313 80 0.98

Product vessle from 
25 h run

94% 2.7% 1% 1% 1.3% 310-320 100-80 0.8



Cellulose Ether Production
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Nouryon pilot plant
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Evaluation of Aditya Birla cellulose at
Nouryon pilot plant

• Trials has been done with Aditya Birla cellulose at Nouryon pilot plant

• Product is evaluated dissolved in a water solution at 1% concentration of the cellulose ether

Results:

Conclusion: 

Aditya Birla cellulose need to be improved further, with regards to gel content (insolubles). Viscosity 
(DP) and transparency are borderline properties that needs to monitored carefully.
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Summary

• Ethanol production
• Knot rejects and fines (fiber rejects) successfully hydrolysed to a monomeric sugar stream
• Sugar stream fermented to ethanol

• Cellulose for cellulose ether production
• Pilot scale trials to evaluate conditions to be used in scaling up
• Seven full scale trials performed to evaluate new cooking conditions
• Samples for analysis and production tests from full scale tests

• Ethyl Chloride production
• Demonstration rig constructed
• Safety assessment performed
• Multiple test runs at different feed rates and molar ratios of HCl/EtOH
• Different catalysts evaluated
• One test run for 25 h to test stability of process

• Bermocoll pilot production
• Wood based cellulose used for Bermocoll production
• Evaluation of the produced Bermcoll
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