
EMS Summer  School 2008 KULeuven (B)

Copyrights: SolSep BV
Not for internet publication 1

1

����� �����	��


www.SolSep.com

SolSep BV

Dr Ir F.Petrus Cuperus introducing

SolSep BV

Robust  Separ at ion Technologies
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Robust  Separat ion Technologies

Dr Ir F. Petrus Cuperus

SolSep membranes for regeneration of organic solvents

and recovery of valuable components
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2XWOLQH

Introduction SolSep BV 

Membrane separation in organic solvents

Driving forces – Goals and Benefits

How to come to applications

Application examples

Final remarks
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Membranes in non-aqueous environments

•SolSep BV makes membranes and elements 

for separations in organic solvents

•NF in organic solvents is fairly unknown 

•Technology development

•Typical scale  10 -1000L/h (currently-2008)
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1DQRILOWUDWLRQ�RI�RUJDQLF�VROYHQWV

•Membrane technology is proven technology

•Solvent filtration is as simple as water cleaning

3URYLGHG�

<RX�KDYH�WKH�ULJKW�PHPEUDQHV�DQG�PRGXOHV
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SolSep products: Stable Membranes - Robust Elements
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0HPEUDQHV�DQG�HOHPHQWV

;=<?>7@�A�B�C�D�E F G�H A�I
organic solvents 

reducing/oxidizing atmosphere

temperature: 140 oC 

pressure: 40 bar

high viscosities

extra safety measures;=<?>7@�A�B?J�@�A�B <?K�L�H L�K9L�M�B A�I
hollow fiber

tubular

membrane reactors

contactors

pervaporation  (org)
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6RO6HS 6:�(OHPHQWV

1 Filtration area (S) depends on 
spacer thickness.

Standard spacers feed: 50mil 
(1.2 mm), permeate 30 mil 
(0.7mm).

N�O�O�P7Q�O�Q+O�R S�T$P�U�O�T+VQ+W�X N�SC=;=X N�O

Q+O�O�P7Q�O�Q+O�R U�T!P�U�O�T!VY X SC=;=X Y

W�N�P7Q+O7Q+OZR N�[ Y T$P�U�O�T!VN�X UC=;=X N

W�N�P Y O Y R N�[ Y T$P�N�O�T!VQ�X Q�[ SC=;=X Q

A7E \�L�R H+P^]�V
R K_K`P�K_K9V�R abPcadV

C=e
R K9N�V

L�H L�K9L�M�B
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3URYHQ�UREXVWQHVV�LQ�VROYHQWV

f�g�h!i�j�k h+l�m+n�o l�p�g9q+r�m s!g�j�t qvu�w9l�x1k j�h+m y�p�g�z=l�t g�o

hexane ethyl acetate
acetone butyl acetate
MEK ethanol
MTBE methanol
toluene iso-propyl alcohol
benzene xylene
chloro benzene methoxypropyl acetate
chloro methylene adiponitrile
tetrachloro ethylene ethylene oxide
“fusel” oil propylene oxide
white spirit vegetable oil
aldehydes some aprotic solvents

{�|�}=~7���b���7�7��� ���?� ~?���7���6����}=� �����7�6���?�	��� ��������� �
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Membranes Performance in different solvents
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6RO6HS 0HPEUDQHV

¥  �� ¥ ����¦!¦!¦!¦ §©¨�ª «¬ ­ ® ¯©°d± ² ¨�ª «¬ ³ ª ´ ± ¥ ���+��� �$� �  �¡�£�µ+��� �!£d� ��� � �!� � £ ��������� ¶b��¢� +� µ+�����+ �� �+��¡$� �

UF010104 90 20 Typical retention of larger 
molecules ca 10,000 Da

Alcohols, aromatics, esters, 
ketones

·�¸�¹�º+¹�»�¹�¼
120 20 R(95%) ~300 Da Alcohols, esters

·�¸�¹�º+¹�½�¹�¼
150 40 R(95%) ~1000 Da

ionics/acetone R(99%)~300 
Alcohols, esters, ketones, 
aromatics, chlorinated 
solvents, reducing 

NF030306 150 40 More hydrophobic solvents 
than 010206/010306

alkanes, esters, ketones, 
aromatics, reducing atm, 
chlorinated solvents

NF030306F 120 40 More hydrophobic solvents 
than 010206/010306 
extremely stable

alkanes, esters, ketones, 
aromatics, chlorinated 
solvents

NF030705 90 20 Ethanol, methanol R(95%) 
~300

alcohols, aromatics, ketones 
R>>500Da
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The perspective – why use membranes

Some reasons to go for membranes (NF/PV)

•Less heat impact

•Specific separation  (e.g. new product wanted)

•Safety

•Easy combination (hybrid)

•Energy
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&RORUIXO�$SSOLFDWLRQV��L�

Recover y of  et hyl acet at e

Fr act ionat ionat ion of  color s

I n acet one and et hylalcohol
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$SSOLFDWLRQV��H[DPSOHV�

Sterol / wax recovery

Homogeneous catalysts recovery

Dye recovery

Solvent recovery: various
paints
pharmaceuticals
oligomers
refining soy bean oil
carbohydrates- cellulosics
waxes

-Membranes are part of the solution

-Often combination of techniques
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Example 1

6ROYHQW�UHFRYHU\�LQ�VWHURO�DQG�ZD[�SURFHVLQJ�
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6ROYHQW�UHFRYHU\�LQ�³GH±ZD[LQJ´

Results in bio-wax processing

based on an earlier development in sterol recovery
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Reasons why

Improve product quality

Decrease amount of solvent

Decrease energy (one site operation)
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3URFHVVLQJ�RI�YHJHWDEOH�ZD[HV

¾!¿�À!Á Â�Ã�Ä À+ÂdÁ Å!Æ
Ç+¿�È É+Å�À!Á Ç

Filter

pure
solvents

Feed: “pulp” <1 wt% target

maceration
extraction

evaporate

product

“evaparation & crystallization”

Evaporation/
distillation
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³0HPEUDQH�'HZD[LQJ”

NF

“polymerics”

Ê7Ë�ÌdÍ Î?Ï�ÌdÐ Ñ�Ò

)LUVW�DLP��IDFLOLWDWH�UHFRYHU\�RI�VROYHQW

evaporat ion
solidif icat ion

product

filter wax
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3URFHVV

� HIIHFWV�RI�FOHDQLQJ

� HIIHFW�PHPEUDQH

25% less solvent
Product change – relevance?
Process change - less energy (~30%)

Increases the predictability of the process -
the robustness of the process

costs
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Example 2

5HFRYHU\�RI�VROYHQW�7
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6ROYHQW�7�UHFRYHU\

•Recovery of expensive solvent (substitute for X solvent)
•High boiler
•No heat available

•~1000 L/day

•“Clean” solvent
•can clean (cosmetic)
•can cool

A cost effective recovery is vital for substitution
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6ROYHQW�7�UHFRYHU\��L�

Clean solvent

NF unit

>50 C

waste
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6ROYHQW�7�UHFRYHU\��LL�

Ó�Ô�Õ Õ Ö�×�Ø�Ö?Õ Ö?Ù
Ú Ö?Û_Ü�Ö?Ý�Ô�Ý�Þ?ß�×áà�â�ã�ä^å�æ
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3LORW�6ROYHQW�7��L�

Design specs:

20 bar

Tmax 80 C
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3LORW�6ROYHQW�7��LL�

•Flux decline 
•cleaning rinse  ~frequency 1/month
•Upgrade to full scale

•And …optimization of the process

Because: Recovery Membrane unit = 80%

Add on: flash / short path
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3URFHVV�

NF unit

>50 C

waste

Discontinuous
stripping
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)LQDO�5HPDUNV

NF is becoming a valuable tool  in chemical processes
specialties - now
commodities - future

NF mostly in combination with other Engineering Units

Many solvents can be processed

Robust Spiral facilitate simple and cost effective construction 



EMS Summer  School 2008 KULeuven (B)

Copyrights: SolSep BV
Not for internet publication 15

29

����� �����	��


www.SolSep.com

thanks for your attention

SolSep BV
Solutions for Separations

St. Eustatius 65
7333NW Apeldoorn

the Netherlands

WWW.SOLSEP.COM 
+31 55 5349885


