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Microreactoren, een technologie waarbij het om micrometers tot millimeters gaat, beloven een ware revolutie in de 

chemische procestechnologie teweeg te brengen. Door de verkleining van de afmetingen van de reactievaten kunnen de 

chemische processen veel beter worden gestuurd dan in de ‘macrochemie’ van vandaag en is het ook veel makkelijker 

om chemische processen aan elkaar te knopen. Dat betekent niet alleen minder verspilling van materiaal en energie, 

!""#$%%&$''($)''*$+*',-.'*'#$/0'!-'1$2""#.-3$0'4$%)'#5/0"&'*'($)"($0'4$'('$6#%/'5$%6$0'4$"(7'#'$)''*$''()%87-9'#$

zal zijn dan bij de huidige nogal starre ‘macrochemie’. Micro betekent echter niet dat slechts kleine hoeveelheden 

&8(('($2%#7'($9'6#%78/''#7:$;<=$0''+4$-($0'4$>%54'(#-3&5'$?-(@$''($+".#-'&$54""($2""#$!'4$''($!-/#%#'"/4%#$

ABCC$&-*%$6%*D!''#6#%78/4$6'#$88#$2%#74$)'#)""#7-97:$E#%+:7#:-#:$F""6$</0%84'(1$"*5$""(3"9'#$)"($0'4$%(7'#@%'&$(""#$

microreactoren, plaveit aan de TU in Eindhoven de weg van deze beloftevolle techniek naar de praktijk. Inmiddels zijn er 

twee spin‐off bedrijfjes actief geworden op de campus. 
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Microreactoren beloven revolutie in de chemie
 Procestechnologie krijgt trekken van de elektronica
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Microreactoren beloven revolutie in de chemie

R"5($3(""'(7"$5(#*5("0(*+()*N"0(0"),+S/"3(M$&'(L"+,,7#(#$"(',,$5(
M$&'(K**0-"!**N5O(T'(#"(&*0"'(UVW("'(UXW(K"0#(2"$+$-(-"+,,7#($'(
#"(-0,5"(!,-"+$&N2"#"'()*'(!"!L0**'5"%2',+,-$"("'(#"3/&#3(
K"0#(),,034"+#(#*5(#"(#"3/++*/"5,0"'3Q(K**0$'()+,"$35,.0*%‐
/"3(K,0#"'(-"3%2"$#"'Q($'(/"'(&**0(S$5(2"5(U+S%250S$!Y()*'(2"5(
J,Z"0#*!3"(J$&'!,'#-"L$"#(M,S#"'(M$&'()"0#K"'"'O(=*5($3(
'$"5(-"L"S0#O(6"!L0**'5"%2',+,-$"($3(""'('$%2"85,"4*33$'-(
-"L+")"'O(R"5($3("%25"0('$"5(*+(5"(-"K**-#(5"(),,034"++"'(#*5(
#$5(+,5(#"(!$%0,0"*%5,05"%2',+,-$"('$"5(M*+(,)"0N,!"'O([0,7O
#0O$0O(\**4(B%2,S5"'Q(2,,-+"0**0(%2"!$3%2"(0"*%5,05"%2',+,-$"(
**'(#"(]"%2'$3%2"(^'$)"03$5"$5(_$'#2,)"'Q($3(K*5(),,0M$%2/-Q(
!**0(2$&(3+S$5('$"5(S$5(#*5(!$%0,0"*%5,0"'(!"5(""'(&**0(,7()$&7($'(
bepaalde sectoren van de chemische industrie vaste voet aan 
#"(-0,'#(MS++"'(2"LL"'(-"N0"-"'O
_'(#*5(,)"0(/"'(&**0(#"(#"3/++*/"5,0"'3()"0#K"'"'(MS++"'(M$&'`
B%2,S5"'a(b=$"(S$5340**N(M,S($N('$"5(),,0(!$&'(0"N"'$'-(#S0)"'(
'"!"'Oc

Procesintensificatie
="(d"#"0+*'#3"(,)"02"$#(2""e('"5(L"N"'#(-"!**N5(#*5(M"(f(
ghQi(!$+&,"'(2""e(S$5-"50,NN"'(),,0(""'(*%/"4+*'(,!(40,%"3$'‐
5"'3$j%*/"(k[Tl($'(#"(d"#"0+*'#3"(40,%"3$'#S350$"()"03'"+#($'(5"(
),"0"'O(6$%0,0"*%5,05"%2',+,-$"(M,S(&"(mm'()*'(#"(,'5K$NN"‐
lingen kunnen noemen in die trend naar een compactere pro‐
%"35"%2',+,-$"O(B%2,S5"'(L"N"'5(*+(""'(!,-"+$&N(,'#"0M,"N3‐
),,035"+(),,0(#$5('$"SK"(40,-0*!!*(L"3%2$NL**0(5"(2"LL"'O(
=**0($3(2$&(L"#0")"'($'(-"K,0#"'O(n,(2""e(B%2,S5"'(,,N(-"+#(
-"N0"-"'(),,0(,'#"0M,"N()*'(6$%0,d"#Q(2""e(2$&(),0$-(&**0(
een grote Europese onderzoekssubsidie verworven en hij werd 
$'(9WW:(B$!,'(B5")$'(6""35"0Q(2"5-""'(2"!(,,N(',-(""'3(""'(
2*+7(!$+&,"'(**'(,'#"0M,"N3-"+#()*'(B]o(,4+")"0#"O(k6$%0,l
0"*%5,05"%2'',+,-$"(,7(*+52*'3(\**4(B%2,S5"'($3(2""+(4,4S+*$0(
L$&(#"(-"+#)"0350"NN"03O(R,"(K"5"'(K"(#*5(!$%0,0"*%5,05"%2‐
',+,-$"(,7(40,%"3$'5"'3$j%*/"('$"5(#"(),+-"'#"(2P4"3(M$&'`(
B%2,S5"'a(bn,Y'(5K""(&**0(-"+"#"'($3(#"(_S0,4"3"(J,*#!*4(
5,5(35*'#(-"N,!"'(),,0(40,%"3$'5"'3$j%*/"O(p"0#"0($3(b%2"!$"c(
#,,0(2"5(d*/,'*+"(T'',)*/"[+*q,0!()*'(40"!$"0(r*+N"'"'#"(
*+3(3+"S5"+-"L$"#(**'-"!"0N5O(6"5(#$5('$"SK"(*%/"4+*'($3(40,‐
%"3$'5"'3$j%*/"("$'#"+$&N(#**0L$&(,,N(),+S$5(,4(#"(d"#"0+*'#3"(
N**05(5"0"%25(-"N,!"'Oc

Chemiesector conservatief
Schouten en zijn groep van vier wetenschappelijk medewerkers 
"'(M,Y'(9W(40,!,)"'#$(M$&'(-""'(+S%2q$"53"03O(R$&(40,L""05(!"5(
zijn onderzoek dicht in de buurt van de dagelijkse werkelijkheid 
5"(L+$&)"'O
b\"(!,"5(K*5(&"(,'#"0M,"N(L"50"e('*5SS0+$&N(**'(2"5(70,'5(M$Z"'O(
R"5(N*'("$-"'+$&N('$"5(-"N(-"',"-(M$&'Q(!**0(L$&'*(*++"(40,&"%5"'(
#,"'(K"(3*!"'(!"5(#"($'#S350$"O(="(%"'50*+"(-"#*%25"($3(#*5(
[T(,4(M$%2M"+7(-,"#($3Q(!**0(#*5(#**0($'(#"(40*N/&N(2"+**3(5,%2(
!**0(K"$'$-()*'(5"0"%25(N,!5O(o"(2"LL"'(2$"0($'(_$'#2,)"'(
bijvoorbeeld het idee van de draaiende schijvenreactor opge‐
4*N5O(=*5($3(!,,$Q(M"--"'(L"#0$&)"'(#*'Q(!**0(M,Y'(#$'-(K,0#5(
$'(#"(40*N/&N('$"5(-"L0S$N5Oc(

English abstract

6$%0,0"*%5,03(0"40"3"'5(*('"K(*'#(2$-2+P($'',)*/)"(%+*33(,7(
%2"!$%*+(40,%"33("sS$4!"'5(52*5(*++,K3(7,0(%2"!$%*+(0"*%/,'3(5,(
L"(%*00$"#(,S5(*5(3,(7*0(S'40"%"#"'5"#(%,'#$/,'3O(6$%0,0"*%5,03(
*0"(*)*$+*L+"($'(*(K$#"(0*'-"(,7(3$M"3(*'#(!*5"0$*+3Q(3S%2(*3(!"5*+Q(
-+*33(,0(3$+$%,'Q(3,!"/!"3(40,#S%"#(K$52(%+"*'0,,!(5"%2',+,-P(
3S%2(*3(+$52,-0*42$%(*'#("5%2$'-(5"%2'$sS"3O([0,#S%/,'(,7(%2"!$‐
%*+3($'(52"3"(#")$%"3(5*N"3(4+*%"(%,'/'S,S3+P(*'#($'(!*'P(4*0*++"+(
!$%0,%2*''"+3(*5(52"(3*!"(/!"Q(*++,K$'-(7,0(0"*%/,'3(*'#(,4"0*‐
/,'*+(K$'#,K3(52*5(*0"(*+!,35($!4,33$L+"(5,(0"*+$3"($'(%,')"'‐
/,'*+(3$M"(kL*5%2l(0"*%5,03O(]2"(3!*++(0"*%/,'(),+S!"3($'(52"3"(
!$%0,%2*''"+3Q(0*'-$'-(70,!(!$%0,+$50"3(5,(!$++$+$5"03Q(4"0!$5(*'(
*%%S0*5"(%,'50,+(,7(52"(40,%"33(52*5(K*3(2$52"05,(S'N',K'O(r"$'-(
*L+"(5,(!$tQ(2"*5(*'#(%,,+()"0P(7*35(*'#("t50"!"+P(+,%*++PQ(*++,K3(
b%Su'-(%,0'"03c($'(52"(!$%0,(%2"!$%*+(40,%"33Q(*3(%,!4*0"#(5,(
%,')"'/,'*+($'#S350$*+(40,%"33"3O(@3(*(0"3S+5(%2"!$%*+(40,%"33"3(
$'(!$%0,0"*%5,03(2*)"(40,)"'(5,(L"("t50"!"+P(%,'50,++*L+"Q(v"t$L+"Q(
"%,',!$%*+(*'#(3S35*$'*L+"O(J"3"*0%2"03(*5(52"(="4*05!"'5(,7(
12"!$%*+(_'-$'""0$'-(*'#(12"!$350P(*5(52"(_$'#2,)"'(^'$)"03$5P(
,7(]"%2',+,-P($'(]2"(d"52"0+*'#3(*0"(#")"+,4$'-(*()*0$"5P(,7('"K(
0"*%5,03(5,(3S$5(,+#(k*'#('"Kl(%2"!$%*+(40,%"33"3O(]2"$0(4,0q,+$,(
$'%+S#"3(',5(,'+P(!$%0,0"*%5,03Q(LS5(*+3,(!*'P(,52"0(5P4"3(,7(
*#)*'%"#(0"*%5,0(%,'j-S0*/,'3(7,0($'5"'3$7P$'-(%2"!$%*+(0"*%‐
/,'3(*'#(40,%"33"3O(6$%0,0"*%5,03Q(*(7*0(7"5%2"#(2,LLP(7,0(3%$"'‐
/353`(d,5(*5(*++Q(%2"!$%*+(%,04,0*/,'(=B6(0"4+*%"#(*(gW(!h batch 
0"*%5,0($'(52"$0(7*%5,0P($'(w$'M(k@S350$*l(LP(*(!$%0,0"*%5,0(,7(:i(%!(
+"'-52(K$52(*(h(+$5"0(0"*%/,'(),+S!"Q(K2$%2(40,#S%"3($'(v,K(3,!"(
gVWW(N$+,3(4"0(2,S0(,7(*(4,+P!"0(40,#S%5O

!"#$%&#'()#$*+%"#,-."+$-/"&'$'(*0$0&/1)2'3$45)-0)$2"+'-2'
6#"%)00"#$7--4$82("&')+3$),-*5$192902("&')+:'&)9+53$
')59$;<=$>?@A?$BAC$<?DD
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),,0(N0**N8("'(0*z'*-"40,%"33"'O(="0-"+$&N"(40,%"33"'(N,35"'()""+("'"0-$"($'(#"(

),0!()*'(K*0!5"O(]"%2',+,-"'(M$&'(2"5("0(,)"0(""'3(#*5(#"M"(40,%"33"'(),,0()"0‐

L"5"0$'-()*5L**0(M$&'Q('$"5(*++""'(),,0(K*5(L"50"e(#"(j'*'%${+"(N*'5(),,0(#"("'"0‐

-$"0"N"'$'-Q(!**0(,,N(K*5(L"50"e(#SS0M**!2"$#O(_0(N*'()""+(K,0#"'(L"34**0#(,4(

#"(-0,'#35,."'O(>
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Het probleem is natuurlijk dat de chemische industrie in zijn 
**0#("0-(%,'3"0)*/"7($3a(#"($')"35"0$'-"'(M$&'(-0,,5("'(#"(
+")"'3#SS0()*'(#"($'35*++*/"3(+*'-O(r"K$&3(!**0(""'3(#*5(&"(2"5(
L"5"0(N*'Q($3(#*'(#"(*0-K*'"'#"(2,S#$'-O
B%2,S5"'a(b=*5($3('*5SS0+$&N(K"+(M,Q(!**0(L"#0$&)"'(M$&'(K"+(
degelijk bereid aan te schuiven bij veelbelovend onderzoek en 
2"LL"'(#**0(,,N(-"+#(),,0(,)"0O(TN(L"'("0()*'(,)"05S$-#(#*5(
bijvoorbeeld microreactoren en ook andere nieuwe reactor‐
%,'%"45"'(+*'-M*!"02*'#(2S'(4+"N(K"+(MS++"'()$'#"'O(="(
$'50,#S%/"()*'(!$%0,0"*%5,0"'($'(#"(2S$#$-"(40,%"3),"0$'-(
$3(0"+*/"7(+**-#0"!4"+$-Q(K*'5(2"5(0S$!5"L"3+*-($3(N+"$'("'(#"(
N,35"'(M$&'(',-(*++"3M$'3(L"2""03L**0O(|43%2*+$'-()*'(!$%0,8
reactoren gebeurt onder meer door het parallel plaatsen van 
2""+()""+(!$%0,N*'*+"'("'(2"+"(!$%0,0"*%5,03P35"!"'Oc(
o**0(2"LL"'(K"(2"5(#*'(,)"0`(R"LL"'(K"(2"5(,)"0(N+"$'"(
reactoren om de ontwikkeling van nieuwe processen te 
,'#"035"S'"'`(|7(2"LL"'(K"(2"5(K"+(#"-"+$&N(,)"0(0"*%5,(0"'(
waarmee ook in grote hoeveelheden geproduceerd kan 
K,0#"'`(]"'3+,Z"(40**5(#"(-0,5"(%2"!$"()**N($'(/"'#S$M"'#"'(
"'(M"+73(2,'#"0##S$M"'#"'(5,''"'("'('$"5($'(N$+,Y3(#$"(&"(!"5(
#$"(!$%0,0"*%5,0"'(*33,%$""05`
B%2,S5"'a(bR"5(-**5(K"+(#"-"+$&N(,,N(,)"0(40,#S%/"(,4(%,!‐
!"0%${+"(3%2**+O(=B6(2""e($'(w$'M(""'(!$%0,0"*%5,0(,'5K$NN"+#(
3*!"'(!"5(2"5(},03%2S'-3M"'50S!($'(~*0+30S2"Q(K**0L$&(""'(
-"0,"0#()*50"*%5,0()*'(gW(!h($3()"0)*'-"'(#,,0(""'(%,'/'S"(
!$%0,0"*%5,0(!"5(h(+$5"0(0"*%/"),+S!"(#$"(3+"%253(:i(%!(+*'-(
$3O(=**0!""(2""e(=B6(""'(3P35""!(K**0!""(M,Y'(gVWW(N$+,(
4,+P!""040,#S%5(4"0(SS0(K,0#5()"0)**0#$-#O(=*5($3(5,%2('$"5(
-"0$'-O(R"5(0$3$%,(#*5(=B6(+$"4Q(K*3()0$&(N+"$'(K*'5(#"(,0$-$'"+"(
0"*%5,0(2*#(M,(K""0(NS''"'(K,0#"'(5"0S--"4+**535Oc

G'4'#'$6#%/'5.'0''#5-(9
="(*0-S!"'5"'(,!(#"(40,%"35"%2',+,-$"(5"(!$'$*5S0$3"0"'Q(K"(
40*5"'(#*'(,)"0(0"*%/"N*'**+5&"3()*'("'N"+"(/"'#"'()*'(!$+‐
+$!"5"03(k�2,'#"0#"'(!$%0,!"5"03lQ(+$--"'(),,0*+($'(#"(L"5"0"(
40,%"3L"2""03$'-(#$"("0($'(!$%0,0"*%5,0"'(!,-"+$&N($3O
B%2,S5"'a(b6"'-$'-()*'(0"*%5*'5"'($'(#"(2S$#$-"(%,')"'/,‐
'"+"(40,%"3*44*0*5SS0($3()**N('$"5(,4/!**+Q(#,,0(L$&),,0L""+#(
+,N**+(5�(+*-"(5S0LS+"'/"Q(K**0#,,0(&"(""'(5"(+*-"(,4L0"'-35(
N0$&-5(,7(40,#S%5"'(#$"(&"('$"5(K$+5(2"LL"'O(p"$+$-2"$#($3(,,N(""'(
L"+*'-0$&N(*34"%5Q(K*'5(#"(!$%0,5"%2',+,-$"($3($'2"0"'5()"$+$-"0(
#*'(#"(%,')"'/,'"+"(5"%2'$"NO(=,,0(#"(L"5"0"(40,%"3),"0$'-(
is het ook mogelijk met minder oplosmiddel te werken en om 
#"("'"0-$"0"N"'$'-(5"(0"#S%"0"'O(~,05,!Q("0(M$&'(*++"0+"$(*0-S‐
menten die voor de toepassing van microreactortechnologie 
340"N"'Oc
_0(M$&'('*5SS0+$&N(,,N(*0-S!"'5"'(5"-"'O(T3(2"5('$"5(),,0(#"(
2*'#(+$--"'#(#*5(#"(0$3$%,Y3()*'()"035,44$'-(L$&(!$%0,0"*%5,0"'Q(
!"5(#$"(#S''"(N*'**+5&"3(K**0(#"()+,"$35,."'("'(-*33"'(#,,0(
!,"5"'Q()""+(-0,5"0(M$&'(#*'($'(#"(!*%0,%2"!$"`
b=*5($3('*5SS0+$&N(K**0cQ(L"**!5(#"(0"*%5,05"%2',+,,-Q(b"'(2"5(

r,)"'**'M$%25()*'(#"(!$%0,0"*%5,0O(R"5(0"*%/"N*'**+(+,,45(#,,0(2"5(!$##"'()*'(

#"(%2$4�(#"(**'+$--"'#"(4+*/'*(bL"#0*#$'-"'c(),0!"'(#"()"0K*0!$'-("'(#"(5"!‐

4"0*5SS03"'3,0"'O(="(0"*%5,0(K"0#(,'5K$NN"+#(,!(#"(0"*%/"N$'"/"N(5"(!"5"'($'(

#"(4*0/{+"(,t$#*/"()*'(!"52**'('**0(N,,+!,',t$#"("'(K*5"035,7Q(M,*+3(),,0(2"5(

!*N"'()*'(3P'52"3"-*3(#*5(,'#"0!""0(-"L0S$N5(K,0#5(),,0(2"5(40,#S%"0"'()*'(

3%2,'"(#$"3"+()$*(}$3%2"08]0,43%2(3P'52"3"O(

T'(9WW9(K"0#(L$&(#"()*N‐

groep Chemische Reactor‐

technologie van de Tech‐

nische Universiteit 

Eindhoven een eerste 

(40,5,5P4"()*'(""'(!$%0,‐

0"*%5,0(,'5K$NN"+#O(

6$%0,0"*%5,0(,'5K$NN"+#(),,0(#"(3"+"%/")"(,t$#*/"()*'(N,,+!,',t$#"('**0(1|9Q(

),,0(2"5(L"3%2"0!"'()*'(#"(N*5*+P3*5,0($'(L0*'#35,7%"++"'O(

R"5($'+**5-*3(N,!5()*'(""'(M,-"',"!#"(0"7,0!"0Q(K**0$'(!"52*',+($3(,!-"M"5(

'**0(,'#"0(!""0(K*5"035,7O(=$5(-*3(K,0#5(""035(*7-"N,"+#($'(""'(K*0!5"K$33"‐

+**0(),,0#*5(2"5('**0(#"(0"*%5,0(K,0#5(-"+"$#Q(K**0(1|(K,0#5(,!-"M"5('**0(1|9O(

="(0"*%5,0($3(-"�'5"-0""0#(!"5(""'(5K""#"(K*0!5"K$33"+**0(,!(#"(0"*%/"5"!‐

4"0*5SS0(M,(%,'35*'5(!,-"+$&N(5"(2,S#"'O(p"0),+-"'3(K,0#5(2"5(-*3()"0#"0(*7-"‐

N,"+#(!"5(""'(#"0#"(K*0!5"K$33"+**0(5,5(:W(-0*#"'Q(#"(L"#0$&735"!4"0*5SS0()*'(

#"(L0*'#35,7%"+O
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$3(,,N("%25('$"5(M,(#*5(!$%0,0"*%5,0"'(5"(*++"'(/&#"(#"(L"35"(
,4+,33$'-(),0!"'O(_0(M$&'(L"4**+#"(40,#S%/"40,%"33"'(#$"(
'$"5(,7()""+(!$'#"0(-"3%2$N5(M$&'Q(*+($3("0($'()""+(-")*++"'(K"+(
""'(*#"sS*5"(,4+,33$'-(5"()"0M$''"'O(\"(M,S(L$&),,0L""+#(""'(
!"52,#"(NS''"'(L"#"'N"'(,!(34"%$j"N"(40,%"335*44"'Q(
K**0L$&()*35"(35,."'(),,0N,!"'($'(-0,5"0"(k!$++$8l""'2"#"'(
S$5(5"(),"0"'O(|7(&"(N*'(-"L0S$N(!*N"'()*'(#"(M,-"2"5"'(
]*P+,0350,!$'-Q(K**0L$&(&"()*35"(35,."'(,'#"0L0"'-5($'(""'(
*7-"3+,5"'()+,"$35,7),+S!"Q(K*5(#*'(4+S-3-"K$&3(#,,0(#"(N+"$'"(
N*'**+5&"3(350,,!5O(o*5(&"('$"5(!,"5(#,"'Q($3(,'#"0#""+(),,0(
,'#"0#""+()"0)*'-"'O(@+(2"+"!**+('$"5($'(#"(7*0!*%"S/3%2"(
industrie die sterk gebonden is aan de regels van de Ame‐
0$N**'3"(!"#$%$&'"'8("'(),"#$'-3*S5,0$5"$5(}=@O(\"(MS+5(""'(
3P35""!L"'*#"0$'-(!,"5"'(2*'5"0"'(K**0L$&(&"(40,%"335*44"'(
)"0M$'5("'(K**0!""(&"(M,)""+(!,-"+$&N(#$5(5P4"(40,L+"!"'(*+($'(
""'()0,"-/&#$-(35*#$S!()*'(2"5(0"*%5,0,'5K"04()"0!$&#5Oc
Microreactoren maken volgens de Eindhovense hoogleraar een 
scala aan nieuwe toepassingen mogelijk die met de huidige 
L*5%240,%"33"'(k'$"58%,'/'S"(40,%"33"'l(!,"$+$&N"0(,7(M"+73(
2"+"!**+('$"5(M$&'(5"(0"*+$3"0"'O

b\"(NS'5(3,!3(5,"(!"5(!$'#"0(40,%"335*44"'Q(#,,0#*5(&"()*N"0(
40,%"32*'#"+$'-"'(NS'5(%,!L$'"0"'(,7(M"+73(2"+"!**+(S$5‐
3+S$5"'O(r$&(""'(L*5%240,%"3(!**N(&"(""'(40,#S%5Q(#*5(M"5(&"()"0‐
),+-"'3(,4(2"5(3%2*4("'(#*5(2,,4(&"(5"()"0N,4"'O(6"5(%,'/'S"(
40,%"33"'Q(!$%0,0"*%5,040,%"33"'(M$&'(*+/&#(%,'/'SQ(NS'(&"(
#"(40,#S%/"()""+(L"5"0(**'(#"()0**-(**'4*33"'Q(N*'(&"(#$%25"0(
L$&(#"(N+*'5(-**'(M$Z"'(,7(!$33%2$"'(M"+73(#"(40,#S%/"(**'(#"(
N+*'5(,)"0+*5"'O([0,%"3L"K"0N$'-"'("'(0"*%/"35*44"'(N*'(&"(
$'(!$%0,0"*%5,0"'()""+(L"5"0($'5"-0"0"'(#,,0Q(L$&),,0L""+#Q($'(
L"4**+#"(3"%/"3(5"(N,"+"'(,7(,4(#$)"03"(4+**53"'(N*5*+P3*5,0"'(
k0"*%/")"03'"++"03�(@Bl(**'(5"(L0"'-"'Q(*�*'N"+$&N()*'(2"5(
40,%"3)"0+,,4O(\"(NS'5(L$&),,0L""+#(,,N(M""0(3'"+(,4K*0!"'(
!"5(!$%0,-,+)"'Oc
Zo geschetst lijkt het er op dat de chemische technologie de 
"+"N50,'$%*(*%25"0'*(-**5(!"5(""'(3,,05(%2"!$3%2"(U3%2*N"‐
+$'-"'Y(K**0$'(#"(#$)"03"(%2"!$3%2"("'(7P3$3%2"(2*'#"+$'-"'(
4+**53)$'#"'("'('**0(L"2,"e"'(5"(%,!L$'"0"'(M$&'O(B%2,S5"'(
K$+(#$"(*'*+,-$"(K"+(,'#"03%20$&)"'O

Wild werk
^(2*#(2"5($'(""'(0"%"'5($'5"0)$"K(,)"0(2"5(UK$+#"(K"0NY(#*5("+N"(
*%*#"!$3%2"(,'#"0M,"N"0($'(""'(#""+()*'(M$&'(/&#(M,S(!,"5"'(
!,-"'(#,"'Q(!**0(2"5(K"0N(#*5(S(!"5(SK(,'#"0M,"N3-0,"4(
#,"5Q(+$&N5(*++"3L"2*+)"(K$+#O(^(0$%25(M$%2(,4(#"($'#S350$"("'(#$"(
$3Q(2"LL"'(K"(*+(-"%,'35*5""0#Q(0"#"+$&N(%,'3"0)*/"7("'(#S3(
'$"5("0-($'(),,0(0*0"(L,NN"'340,'-"'O
bTN(2"L(#*5(-"M"-#Q("'(#*5(40,L"0"'(K"(,,N(5"(#,"'Q(!**0(
#**0L$&(0$%25"'(K"(,'3(,,N(,4(#"($'#S350$"O(o"(M$&'('S(""'!**+(
""'(5"%2'$3%2"(S'$)"03$5"$5O(o"(2"LL"'(2$"0($'(!$&'(-0,"4(5K""(
-0,5"(,'#"0M,"N3+$&'"'(,7("$-"'+$&N(#0$"O(_m'(+$&'($3(#$"()*'(#"(

|'#"0M,"N"03(L$&(2"5(@!"0$N**'3"(L"#0$&7(p"+,%P3(T'%Q(,'5K$NN"+**03("'(L,SK"03(

)*'(!$%0,0"*%5,0"'Q(2"LL"'(#"($')"3/'-3N,35"'(L"0"N"'#()*'(#"(%,')"'/,‐

'"+"($'35*++*/"3(),,0(#"(40,#S%/"()*'(K*5"035,7(#,,0(2"5(0"7,0!"'()*'(!"52**'Q(

)"03S3(#"M"+7#"(,4L0"'-35(!"5(!$%0,0"*%5,0"'O(="(%,'%+S3$"($3(#*5(),,0(#"(

L",,-#"(40,#S%/"%*4*%$5"$5(!$%0,0"*%5,05"%2',+,-$"("%,',!$3%2(),,0#"+$-"0($3O(

="(,!)*'-()*'(#"(!$%0,0"*%5,0($'35*++*/"(k0"%253l($3(,'-")""0(gW(40,%"'5()*'(#$"(

)*'(#"(%,')"'/,'"+"($'35*++*/"(kL,)"'lO
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_$'#2,)"'3"(!$%0,0"*%5,0(S$5(9WW�(),,0(2"5(3'"+(5"35"'("'()"0-"+$&N"'()*'(#"(*%/‐

)$5"$5"'()*'()"03%2$++"'#"(N*5*+P3*5,0"'(),,0(34"%$j"N"(%2"!$3%2"(0"*%/"3O(="(

N*5*+P3*5,0"'Q(L$&),,0L""+#(!"5()"03%2$++"'#"(!"5*+"'(*+3(4*++*#$S!Q(4+*/'*(,7(

'$NN"+Q(K,0#"'($'()"03%2$++"'#"(N*!"03($'(#"(0"*%5,0(,'#"0-"L0*%25O(T'(#"(!,'‐

35"0N*!"0(**'(2"5(S$5"$'#"()*'(#"(0"*%5,0(K,0#5(!"5(#0$"(40,L"3(4"0(N*5*+P3*5,0‐

N*!"0(#"(-*33*!"'35"++$'-(-"!"5"'O(="(-",%50,,$""0#"(350,!$'-3)"0#"+"0(K,0#5(

52*'3(#,,0(""'(%,!!"0%${+"(4*05'"0(S$5-"5"35O

>

T'(2"5(N*#"0()*'(""'(d"#"0+*'#38JS33$3%2(do|840,&"%5(,'5K$NN"+#"(#"(-0,"4(

)*'(40,7"33,0(B%2,S5"'($'(9WW:(""'(!$%0,0"*%5,0(),,0(#"()"0L0*'#$'-()*'(2P#0*‐

M$'"Q(0*N"5L0*'#35,7("'(',,#L0*'#35,7(),,0(-")"%253)+$"-5S$-"'O(="(0"*%5,0($3(!"5(

3S%%"3(-"5"35(#,,0(2"5(r,0"3N,)(T'3/5SS5(),,0(~*5*+P3"($'(d,),3$L$03NO
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microgestructureerde reactoren die vooral bedoeld zijn voor 
5,"4*33$'-"'($'(#"(j&'%2"!$"("'(7*0!*O(=**0(5"-"'**'(M$5(#"(
+$&'()*'(,'#"0M,"N(,4(2"5(-"L$"#()*'(-"350S%5S0""0#"(N*5*+P‐
satoren die we aanbrengen op verschillende dragermaterialen 
M,*+3(L$&),,0L""+#(N,,+35,7(,7(!"5**+3%2S$!"'O(="(#"0#"(
,'#"0M,"N3+$&'($3(#$"()*'(#"(#0**$"'#"(0"*%5,0"'Q(K**0L$&(5K""(
3%2$&)"'Q(*+(,7('$"5($'(35*4"+$'-Q(5"'(,4M$%25"()*'("+N**0(#0**$"'(
,4(""'(*735*'#()*'(M,Y'(g(!!Oc

>)'#7#"/04$)'#5('**'(
12"!$3%2(5"%2',+,-"'(2,S#"'(5,%2('$"5()*'(#0**$"'#"(#$'-"'`
b=*5(+$&N5(!$33%2$"'(M,Q(!**0($'(""'(%2"!$3%2(40,%"3(2"L(&"(
L$&),,0L""+#(*+/&#(4,!4"'(',#$-Q(K**0$'(,,N(#0**$"'#"(#"+"'(
M$Z"'O(\"(NS'5(#*'(""'(4**0(#$'-"'($'("+N**0(3%2S$)"'("'(L,)"'‐
#$"'(NS'(&"(-"L0S$N(!*N"'()*'Q(L$&),,0L""+#Q(""'()"0+$"34,35(
*+3(#"(5S0LS+"'/"Q(#$"(&"(&S$35($'(""'(%2"!$3%2(40,%"3(-,"#(NS'5(
-"L0S$N"'(),,0()"0L"5"0$'-()*'(#"(!"'-$'-(,7(35,7,)"0#0*%25O(
n,($3(#"(,)"0#0*%25()*'(#"(-*37*3"('**0(#"()+,"$35,.*3"()**N(
""'(0"!!"'#"(7*%5,0($'(#"(),,05-*'-()*'(""'(40,%"3O(@+3(&"(#$"(
,)"0#0*%25(NS'5()"03'"++"'Q(NS'(&"(,,N(!"5(""'(N+"$'"0(3P35""!(
5,"Q(5,5(3,!3(M"+73(""'(7*%5,0()""0/-O(|'M"(0,5*/'-(%2"!$%*+(

Een praktijkgeval
 
6$%0,'$5Q(}+,K$#("'(}S5S0"12"!$350PQ(#0$"(&,'-"(L"#0$&)"'(
ontsproten uit nabijgelegen universiteiten die zich op de 
!$%0,0"*%5,05"%2'$"N(0$%25"'Q(2"LL"'(,'+*'-3(!"5(3S%%"3(
""'(%2"!$3%2(L*5%240,%"3(U,!-"L,SK#Y
5,5(""'(%,'/'S(40,%"3O(R"5(-**5(,!(#"(M,-"2"5"'([**+8
~',0080"*%/"(K**0L$&(#"(),0!$'-()*'(0"*%/"K*0!5"($'(2"5(
%,')"'/,'"+"(k#$3%,'/'S"l(L*5%240,%"3(),,0(40,L+"!"'(
L$&(#"(40,%"3),"0$'-(M,0-5O(="(!$%0,0"*%5,05"%2'$"N(

De Eindhovense reactortechnologen hebben in 

9WWi(""'('$"SK(5,"4*33$'-3(-"L$"#(-"N,M"'(),,0(#"(

,'5K$NN"+$'-()*'(2S'(!$%0,0"*%5,0"'O(r"4"0N5"'(

#"(),0$-"(!,#"++"'(M$%2(),,0'*!"+$&N(5,5(-*37*‐

3"0"*%/"3Q(#"('$"SK"(0"*%5,0"'(M$&'(,,N(-"3%2$N5(

),,0(,'#"0(!""0(-*3�)+,"$35,7840,%"33"'O(="M"(40,‐

%"33"'()"0+,4"'($'(""'(0"%252,"N$-(!$%0,N*'**+Q(

K**0(!"'(,4(!$%0,4**+5&"3(N,,+35,7('*',()"M"+3(

2""e(+*5"'(-0,"$"'O(|4(#"('*',)"M"+3Q(#$"(""'(

"',0!(,44"0)+*N(2"LL"'Q($3(""'(N*5*+P3*5,0(**'-"‐

L0*%25O(T'(#$5(#,,0(6$%0,d"#(-"j'*'%$"0#"(40,&"%5Q(

wordt samengewerkt met de onderzoeksgroepen 

)*'(40,7O#0O(R*'(�*0#"'$"03("'(40,7O#0O$0O(w",'(
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#"0"("."%5"'()*'(#"(!$%0,3%2**+(L$&(350,!$'-()*'(

-*33"'("'()+,"$35,."'(#,,0(""'(,'#$"4(N*'**+(),+(

!"5(!$%0,4**+5&"3a(#"(*735*'#(5S33"'(#"(!$%0,8

paaltjes blijkt van grote invloed op het stromings‐

-"#0*-O(r$&(gV(�!(*735*'#(5S33"'(#"(4**+5&"3(K"0#(

het stromingsbeeld waargenomen als in een leeg 

N*'**+Q(5"0K$&+(L$&(""'(*735*'#()*'(V(�!(""'(%2*,‐

/3%2(4*50,,'(M$%25L**0(K"0#(kU50$%N+"(v,KYlO

[0,7"33,0(~+*)3(\"'3"'Q(#"(!$%0,0"*%5,08-,"0,"()*'(6T]Q(),,0M$"5('"5K"0N"'(

waarin microreactoren bijna onbeperkt modulair kunnen worden gekoppeld aan 

)"03%2$++"'#"(40,%"37S'%/"3Q(M,*+3(L$&),,0L""+#(!"'-$'-Q()"0K*0!$'-Q(,7(3%2"$‐

#$'-Q(M,*+3($'(#"M"(j-SS0(K,0#5(-"�++S350""0#O
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>

4+*'5Q(#"(%2"!$3%2"(7*L0$"N(,4(""'(#0**$"'#"(*3Q($3(�'(4,!4(
èn reactor èn scheidingsapparaat ineen waarbij de draaiing van 
#"(3%2$&)"'(),,0(*++"0+"$(M*N"'(K,0#5(-"L0S$N5a(),,0(#"(!"'-$'-Q(
),,0()"0L"5"0$'-()*'(2"5(50*'34,05Q("'(#S3(#"(0"*%/"3'"+2"$#Q(
),,0(3%2"$#$'-()*'(%,!4,'"'5"'("'M,),,05Q(!**0(#"(3%2$&)"'(
kunnen daarbij ook worden gebruikt voor elektrochemische 
#""+35*44"'($'(""'(40,%"3O(T'(""'(N+*33$"N(40,%"3()$'#"'(#$"(
35*44"'(!""35*+(*%25"0("+N**0(4+**53Q(""'(L"+*'-0$&N"(-"#*%25"(
)*'(40,%"3$'5"'3$j%*/"($3(#*5(&"(40,%"335*44"'("z%${'5(K$+5(
$'5"-0"0"'O(o"(+*5"'('S($'(3*!"'K"0N$'-(!"5(#"(nK""#3"(
*44*0*5"'L,SK"0(@+7*(w*)*+(""'(-0,5"(3%2$&)"'0"*%5,0(L,SK"'O(
o"(2"LL"'(*+(""0#"0(M"+7(""'(N+"$'"0"()"03$"(,'5K,04"'(#$"(
K"(#,,0(""'(L"#0$&7(2$"0($'(#"(,!-")$'-(2"LL"'(+*5"'(L,SK"'Q(
overigens onder supervisie van onze eigen technici uit onze 
K"0N4+**53O(o$&(2"LL"'(2"5(%,'%"45()*'(#"(#0**$"'#"(3%2$&)"'‐
0"*%5,0(M"+7(,4-"4*N5("'(M$&'(!"5(""'(_'-"+3"(,'#"0M,"N3-0,"4(
#"("'$-"($'(_S0,4*(#$"(**'(#$5(5P4"(0,5"0"'#"(0"*%5,0"'(K"0N5O(
\,2'()*'(#"0(B%2**7Q(""'(S'$)"03$5*$0(2,,7##,%"'5($'(,'M"(
-0,"4Q(2""e(M"+73(2"5($#""(,!(""'(3,,05(!,#S+*$0"(U&SN"L,t8
0"*%5,0Y(5"(!*N"'Q(K**0L$&(#"+"'()*'(2"5(3P35""!Q(#"'N(2$"0L$&(
**'(N*5*+P/3%28*%/")"(3%2$&)"'Q(-"!*NN"+$&N()"0)*'-"'(NS''"'(

6$%0,0"*%5,0(,4(L*3$3()*'(3$+$%$S!Q(K**0$'(""'(!$%0,!"'-"0(k%"'50S!l("'(""'(

0"*%/"N*'**+(M$&'(-"{535O(=$5(5P4"(0"*%5,0(K,0#5()""+(5,"-"4*35(),,0(2"5("t4"0$‐

!"'5"0"'(!"5(%2"!$3%2"(0*%/"3(,4(!$%0,3%2**+O(="(0"*%/"N*'*+"'(NS''"'(#,,0(

#"(-"L0S$N"0()0$&(!*NN"+$&N(K,0#"'(),,0M$"'()*'(""'(N*5*+P/3%2"(%,*/'-O

Liquid

Liquid

Gas

T'(9WW9(35*0Z"(#"(_$'#2,)"'3"(-0,"4(""'('$"SK"(,'#"0M,"N3+$&'(K**0$'()*35"(

3%2S$!(!*5"0$*+"'(K,0#"'(5,"-"4*35(*+3(#0*-"0(),,0(N*5*+P3*5,0"'($'(-*38)+,"$35,‐

70"*%/"3O(p*35"(3%2S$!"'(k3,+$#(7,*!3l(2"LL"'(""'(-0,,5(-",!"50$3%2(,44"0)+*N(

"'(M$&'(-"!**N5()*'(!"5**+Q(N,,+35,7(,7(N"0*!$"NO(n"(2"LL"'(-0,5"Q(,'#"0+$'-()"0‐

L,'#"'(4,0${'()*'(9iW(�!(5,5(3,!3(K"+(i(!!Q(K**0(-*33"'("'()+,"$35,7(#,,02""'(

NS''"'(350,!"'O(w$'N3(35**5(""'(4$+,5(3%*+"(0"*%5,0,435"++$'-(K**0$'(4+*5"'(3%2S$!(

)*'(hW(%!(t(hW(%!(k0"%253l(M$&'(-"4+**535O(R$"0$'(K,0#"'(-*3("'()+,"$35,7($'(!""8(,7(

5"-"'350,,!(#,,0(2"5(3%2S$!(-"4,!45O

30 x 30 x 1 cm

1+,3"8S4()*'(#"(2*0#"(3%2S$!350S%5SS0(K**0,4('$NN"+($3(*7-"M"5(k+$'N3lO(R"5('$NN"+(

#$"'5(*+3(N$"!(),,0(2"5(+*5"'(-0,"$"'()*'(N,,+35,7('*',)"M"+3O(~,,+35,�")*Z"'#"(

-*33"'Q(M,*+3("52""'Q(*#3,0L"0"'("'(,'5+"#"'(,4(#"('$NN"+#""+5&"3(5"0(-0,,Z"(

)*'('*',!"5"03Q(K**0'*(#"(N,,+35,7*5,!"'(#,,0(2"5('$NN"+(#$.S'#"0"'("'(**'(

#"(,'#"0M$&#"()*'(#"(#""+5&"3('""03+**'("'(-0*j"5+*-"'(),0!"'O(n,(-0,"$5("0(""'(

#$%25(bL,3c()*'(N,,+35,7('*',)"M"+3(,4(#"(3%2S$!350S%5SS0(kb2*$0P(7,*!c�(0"%253lO(

="M"()"M"+3(2"LL"'(""'(-0,,5(,44"0)+*N("'(7S'-"0"'(*+3(#0*-"0(),,0(!"5*+"'(

N*5*+P3*5,0#""+5&"3O(

!""#!$!""#!$!""#!$
!"#$%&'#()%*%+

!"#!$

L$"#5($'()"0-"+$&N$'-(!"5(#$3%,'/'S"(kL*5%2l40,%"33"'(
-0,5"(),,0#"+"'(,4(2"5(-"L$"#()*'(40,%"3L"2""03$'-Q(
,43%2**+3'"+2"$#("'(0S$!5"L"3+*-O(T'(!$'#"0(#*'(
9WW(SS0(K"0#(2"5(40,%"3(,!-"M"5('**0(v,K%2"!$"(
op microliterschaal en vervolgens opgeschaald tot 
#"(!$++$+$5"03%2**+O(p,+-"'3(o,S5"0(B5*!()*'(}+,K$#(
S$5(_$'#2,)"'Q()"0*'5K,,0#"+$&N(),,0(2"5(,43%2**+‐
40,%"3Q($3(#**0!""(,,N(**'-"5,,'#(#*5(*++"(0"*%/"8("'(
40,%"3L"4*+"'#"(4*0*!"5"03(L"2,S#"'(L+$&)"'Q(M,#*5(
,,N(""'()"0#"0"(,43%2*+$'-('**0(#"Q(%,!!"0%${+"Q(
+$5"03%2**+(-""'(40,L+""!($3O(r$&(#$5(40,&"%5(K*3(6$%0,'$5(
uit Enschede verantwoordelijk voor het reactorontwerp 
"'(2""e(}S5S0"12"!$350P(S$5(d$&!"-"'(2"5(L*5%240,%"3(
U)"05**+#Y($'(""'(350,,!40,%"3O
R"5(40,&"%5(K*3(),,0(#"(#0$"(U*%*#"!$3%2"Y(L"#0$&)"'(
""'()$'-"0,"7"'$'-Q(!**0(B5*!(35"+5(#*5(#"(L"'*#"0$'-(
$'(""'(%,!!"0%$""+(40,&"%5('$"5(*'#"03($3O(p,,0(#$5(
40,&"%5Q(K**0L$&(#"(#0$"(L"#0$&)"'(3*!"'K"0N"'($'(2"5(
%,'3,0/S!(@%%"339}+,KQ($3(),+-"'3(#"(%2"!$3%2(5"%2‐
',+,,-(#"(L"+*'-35"++$'-(S$5(#"($'#S350$"(-0,,5O 
b],5('S(2"LL"'(K"(M,Y'(gX(L"#0$&)"'(,)"0(#"()+,"0(-"2*#Q(
K**0,'#"0(*++"(-0,5"(%2"!$3%2"("'(7*0!*%,'%"0'3O(R"5(
-**5(#**0L$&(),,0*+(,!(40,%"33"'($'(#"(j&'%2"!$"("'(#"(
7*0!*Oc
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T'(N+*33$"N"(0"*%5,0"'(L")$'#5(#"(N*5*+P3*5,0(M$%2($'(#"(4,0${'()*'(#"(-0,5"(#""+‐

5&"3(k2,'#"0#"'(!$%0,!"5"03(5,5(!$++$!"5"03l(*%/")"(N,,+35,7(kL,)"'lO(=*5(L"4"0N5(

#"(0"*%/"(5S33"'(#"(N*5*+P3*5,0("'(#"(+*'-3350,!"'#"()+,"$35,7O(=**0"'5"-"'(

350,,!5()+,"$35,7(0"+*/"7(-"!*NN"+$&N(#,,0(2"5(bL,3c()*'(#"(N,,+35,7('*',)"M"+3(

,4(#"(3%2S$!350S%5SS0(k,'#"0lO(="(!"5*+"'(N*5*+P3*5,0#""+5&"3(,4(#"()"M"+3(M$&'(

#**0#,,0($'(#$0"N5(%,'5*%5(!"5(#"(350,!"'#"()+,"$35,7O(J"%"'5(K"0N($'(#"(-0,"4(

)*'(40,7O(B%2,S5"'(L")"3/-5(#$5(,,0340,'N"+$&N"($#""O

De harde schuimstructuur 

!"5(#**0,4(#"(N*5*+P3*‐

tordeeltjes kan eenvoudig 

worden aangebracht op 

de bladen van roerders in 

0"*%5,0"'O(�0,,5(),,0#""+(

is dat de schuimroerders 

snel en gemakkelijk gewis‐

3"+#(NS''"'(K,0#"'Q(M,#*5(

*%25"0("+N**0($'(#"M"+7#"(

reactor verschillende reac‐

/"3("'(40,%"33"'(NS''"'(

K,0#"'(S$5-"),"0#O(]")"'3(

2,")"'(N*5*+P3*5,0#""+‐

5&"3('$"5(S$5(""'(3+S00P(5"(

K,0#"'(-"j+5"0#O

T'(9WW:(35*0Z"'(40,7O#0O$0O(\**4(B%2,S5"'("'(#0O$0O(\,2'()*'(#"0(B%2**7($'(_$'#2,)"'(

!"5(,'#"0M,"N('**0(#"(,'5K$NN"+$'-()*'(""'('$"SK(5P4"(0"*%5,0Q(#"(0,5"0"'#"(

3%2$&70"*%5,0O(R"5(,'#"0M,"N(K,0#5(-"j'*'%$"0#(S$5(#"(B$!,'(B5")$'(6""35"0(40$&3(

#$"(B%2,S5"'($'(9WW:(,'5)$'-()*'(#"(]"%2',+,-$"3/%2/'-(B]oO(T'(9WWX(K"0#(#*5(

,'#"0M,"N()"0#"0(S$5-"L0"$#(!"5(j'*'%$"0$'-()*'S$5(#"(40"3/-$"SM"(@#)*'%"#(

�0*'5()*'(#"(_S0,4"*'(J"3"*0%2(1,S'%$+(#$"(B%2,S5"'($'(#*5(&**0(,'5)$'-O(="(

L,)"'35"(j-SS0(5,,'5(""'(0,5,0835*5,0(0"*%5,0Q(K**0L$&(""'(3%2$&7(5"0(-0,,Z"()*'(

""'(1=(3'"+(0,'##0**$5($'(""'()*35"(L"2S$M$'-(K**0$'(**'(#"(0*'#(-*3("'()+,"$35,7(

K,0#"'($'-"+*5"'O(r$&(+*-"(0,5*/"3'"+2"#"'(M$&'(#S$#"+$&N(#0$"(+*-"'(M$%25L**0($'(#"(

)+,"$35,7(5S33"'(#"(0,5,0("'(#"(35*5,0O(k},5,(+$'N3ll

K,0#"'(#,,0(*'#"0"(!,#S+"3Q(*�*'N"+$&N()*'(2"5(-"K"'35"(
40,#S%5O(o"(-**'(K**03%2$&'+$&N(,,N(',-(""'(40,&"%5),,035"+Q(
34"%$j"N(-"0$%25(,4(#"M"(0,5"0"'#"(3%2$&73P35"!"'Q($'#$"'"'(
$'(2"5('$"SK"([T840,-0*!!*O(R,4"+$&N(K,0#5(#*5(-"2,',0""0#O(
=*'(NS''"'(K"()"0#"0Oc

Micropaaltjes
o*5(*+(K"+(-"2,',0""0#($3Q($3(#"(,'#"0M,"N33SL3$#$"()*'(
6$%0,d"#O(T'(#*5(40,&"%5(K"0N5(#"(-0,"4()*'(B%2,S5"'(
,'#"0!""0(3*!"'(!"5(40,7O#0O(R*'(�*0#"'$"03()*'(2"5(6_B@+ 
'*',8$'3/5SS5()*'(#"(^'$)"03$5"$5(]K"'5"("'(!"5(2"5(L"#0$&7(
w$,'$�($'(_'3%2"#"Q(#*5(M$%2(L"M$-2,S#5(!"5(!$%0,3P35""!5"%2‐
',+,-$"O(R"5(#,"+()*'(#$5(,'#"0M,"N($3(#"(M,-"',"!#"(4$++*0"#(
!$%0,0"*%5,0(5"(,'5K"04"'(#$"(""'(-0,5"0"(40,#S%/"3'"+2"$#(
2""e(#*'(%,')"'/,'"+"(!$%0,0"*%5,0"'(M,'#"0(4$+**05&"3O(
=**0L$&($3Q(M,*+3(""0#"0(-"35"+#Q(#"(50*'34,053'"+2"$#()*'(0"*%‐
5*'5"'()**N(#"(L"4*+"'#"(7*%5,0O(="()0**-($3(#*'(2,"(&"(#"M"(
0"*-"0"'#"(35,."'(M,(3'"+(!,-"+$&N(L$&(#"(N*5*+P3*5,0(N0$&-5O(
De pillared micro reactor bestaat uit kanalen die zijn bezaaid 
!"5(!$%0,4**+5&"3O(=**0,!2""'(K,0#"'(N,,+35,7('*',)"M"+3(
-"#0*4""0#(K**0,4(#"(UN*5*+P3*5,0()*'(#$"'35Y($3(**'-"L0*%25O(
o"+N"(N*5*+P3*5,0Q($3('*5SS0+$&N(*�*'N"+$&N()*'(#"(3,,05(0"*%/"(
#$"()"03'"+#(!,"5(K,0#"'O
MESA+($3()"0*'5K,,0#"+$&N(),,0(#"(7*L0$%*-"()*'(#"(0"*%5,0"'O(
B%2,S5"'3(]K"'53"(%,++"-*(40,7O#0O$0O(w",'(w"."053($3(L$&(2"5(40,‐
ject betrokken vanwege zijn kennis op het gebied van nanokool‐
35,7)"M"+3�(B%2,S5"'("'(M$&'(-0,"4(b#,"'c(2"5(0"*%5,0,'5K"04O
B%2,S5"'a(b="(4$++*0"#(0"*%5,0($3(""'(!,,$(3P35""!Q(K**0L$&(

Activated carbon
Internal 

area

Hydrodynamic 
accessibility!!

Washcoat

Hairy Foam

Pore di!usion!!
Surface 

area

Only surface 
area

!"#$

Hairy Foam

!"#$

Activated carbon
Internal 

area

Hydrodynamic 
accessibility!!

Washcoat

Hairy Foam

Pore di!usion!!
Surface 

area

Only surface 
area

!"#$

Hairy Foam

!"#$

="(0"%25"0(7,5,(5,,'5(""'('**0(2"5(%"'50S!()*'(#"(0,5,0(34$0*+$3"0"'#"(

350,,!()*'(-*3L"++"5&"3(#$"()*'(2"5($'+**54S'5(**'(#"(0*'#()*'(#"(3%2$&7(

K,0#"'(*7-"3+*-"'(#,,0(#"(3'"+(0,'##0**$"'#"()+,"$35,7O(
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Meervoudige sets van 

roterende schijven kunnen 

boven elkaar worden 

geplaatst waarbij uiteinde‐

lijk een complete chemi‐

3%2"(7*L0$"N(,4(""'(#0**$‐

"'#"(*3(K,0#5()"0N0"-"'O(

De verschillende sets van 

ronddraaiende schijven 

vervullen verschillende 

40,%"37S'%/"3Q(M,*+3(!"'‐

ging van gassen en vloei‐

35,."'Q()"04,!4"'()*'(

)+,"$35,."'Q()"0K*0!$'-(

"'(N,"+$'-()*'()+,"$35,7("'(

-*3()$*(#"(3%2$&)"'Q(N*5*‐

+P/3%2"(0"*%/"(!OLO)O(""'(

N*5*+P3*5,0(,4(#"(3%2$&)"'Q(

"'(3%2"$#$'-()*'(%,!4,'"'5"'(#,,0("t50*%/"(,7(#"3/++*/"O(="()"0K*%2/'-($3(#*5(

),+S!")"0N+"$'$'-(5"'(,4M$%25"()*'(N+*33$"N"(0"*%5,08("'(3%2"$#$'-33P35"!"'(!"5(

/"'5*++"'(40,%"'5"'(,7(M"+73()""+(!""0(!,-"+$&N($3O

=B6(2""e($'(2**0(7*L0$"N(

in het Oostenrijkse Linz 

""'(!$%0,0"*%5,0($'(L"#0$&7(

genomen voor de pro‐

#S%/"()*'(""'(-0,'#35,7(

),,0(,'#"0(*'#"0"((%,*/'-3O(

Op de achtergrond hangt 

het oude geroerde vat van 

gW(!h dat is vervangen door 

de microreactor met een 

$'5"0'(0"*%/"),+S!"()*'(h(

+$5"0O(|'#*'N3(#"(L"4"0N5"(

*7!"/'-"'()*'(:i(t(hi(t(

9i(%!(2""e(#"M"(#,,0(2"5(

Forschungszentrum Karls‐

ruhe ontwikkelde micro‐

0"*%5,0(""'(40,#S%/"%*4*‐

%$5"$5()*'(gVWW(N-(4"0(SS0O(

De reactanten worden met 

elkaar in contact gebracht 

$'(/"'#S$M"'#"'(!$%0,‐

N*'*+"'O(

k}
>
y>

a(=
B6

l

="(40,#S%/"%*4*%$5"$5()*'(!$%0,0"*%5,0"'(N*'(!*NN"+$&N(K,0#"'()"0-0,,5(#,,0(

#"(0"*%5,0"'(5"(35*4"+"'O(="M"(35*4"+$'-()*'(gW(4*0*++"++"(0"*%5,0"'Q(,'5K$NN"+#(

"'(-"40,#S%""0#(#,,0(5"%2',+,-$"L"#0$&7(6$%0,'$5(6$%0,vS$#$%3($'(_'3%2"#"Q(

K,0#5(!,!"'5""+(-"{)*+S""0#(#,,0(=B6([2*0!*%"S/%*+([0,#S%53O(="(0"*%5,0"'(

M$&'(,4-"L,SK#(S$5()"03%2$++"'#"(+*-"'(-+*3Q(K**0$'(!"5(L"2S+4()*'(+$52,-0*j"8

5"%2'$"N"'("'(4,"#"0350*+"'(N*'*+"'(M$&'(-"!**N5O(="()"03%2$++"'#"(+*-"'(K,0#"'(

S$5"$'#"+$&N(!"5(""'(52"0!$3%2(40,%"3(5,(mm'(-0,5"(0"*%5,0()*'(gWW(!$++$+$5"0(

3*!"'-"),"-#O(

&"(,,N(',-(""'3(NS'5(,)"0K"-"'(#"(4**+5&"3(4,0"S3(5"(!*N"'Q(
M,#*5(&"()$*(#$"(4**+5&"3(-*3(N*'(5,"),"0"'O(R$"0(M$"(&"(K""0(#"(
voordelen om de kanaaltjes in sectoren te kunnen verdelen 
K**0(#$)"03"(UL"K"0N$'-"'Y(,7(0"*%/"3(4+**53)$'#"'O(o$&(
2,S#"'(,'3(L$&(#$5(40,&"%5(,O*O(L"M$-(!"5(2P#0,-"'"0$'-30"*%‐
/"3Q(0"*%/"3(K**0L$&(K*5"035,7(M$%2()"0L$'#5(!"5(,0-*'$3%2"(
35,."'Q(!**0(#"(!$%0,0"*%5,0(!,"5(""'(-"'"0$"N(#$'-(M$&'Q(#*5(
!"5(*++"0+"$(5P4"'(0"*%/"3(S$5(#"(),"5"'(N*'Oc

Samenwerking met industrie
o"(2"LL"'("0('$"5(,)"0(-"2*#Q(!**0(2"5(2,-"(K,,0#(!,"5("0(
5,%2(S$5a(-""e(#$"($'5"'3"(3*!"'K"0N$'-(!"5(#"($'#S350$"(),,0(
""'(,'#"0M,"N"0(-""'(40,L+"!"'`(_"'(L"#0$&7(K$+(#"('$"SK"(
N"''$3(),,0*+(),,0(M$%2M"+7(2,S#"'Q(5"0K$&+(""'(,'#"0M,"N"0(
liever vandaag dan morgen publiceert en promovendi er 
natuurlijk aan gehouden zijn in vier jaar te promoveren aan de 
2*'#()*'(""'(40,"73%20$e(!"5(0"3S+5*5"'O(B%2,S5"'(2""e(',,$5(
40,L+"!"'(,'#"0),'#"'O
b\"(!,"5(#*5('*5SS0+$&N(-,"#(*7340"N"'("'(K*''""0(""'(L"#0$&7(
-"2"$!2,S#$'-(M,S("$3"'Q(#*'(M,S(#*5(),,0(!$&(""'(0"#"'(
M$&'(,!(2"5(40,&"%5('$"5($'(#$"(),0!(5"(#,"'O(\"(NS'5(*++"0+"$(
%,'350S%/"3()"0M$''"'Q(K*'5(2"5($3(#"'NL**0(#*5(""'(L"#0$&7(
L"4**+#"($'7,0!*/"('$"5('**0(LS$5"'(K$+(2"LL"'Q(#$"(),,0(2"5(
L"#0$&7(K�+Q(!**0(),,0(#"(,'#"0M,"N"0('$"5(K"M"'+$&N($3O(=*'(
M,S(#*5(NS''"'O(|7(K*''""0(""'(L"#0$&7(K$+("t4"0$!"'5"0"'(
!"5(#"(,435"++$'-(),,0("$-"'(5,"4*33$'-"'O(|,N(#*5($3(!,-"+$&NQ(
maar dan betalen die bedrijven wel de gebruikelijke com‐
!"0%${+"(5*0$")"'O(|,N(,)"0(2"5($'#S350$""+("$-"'#,!(!,"5(&"(
-,"#"(*7340*N"'(!*N"'O(p,,0(,'3($3(#S$#"+$&Na(K$&(#,"'(K"5"'‐
3%2*44"+$&N(,'#"0M,"N("'(#"(3*!"'K"0N$'-(!"5(""'(L"#0$&7(
!*-(#**0L$&('$"5(L"4"0N"'#(M$&'Oc
Die samenwerking is ook van belang omdat de groep van 
Schouten vooral met experimentele opstellingen werkt die 
',-*+($'(#"(4*4$"0"'(+,4"'O
b=*'(40**5(&"(,)"0(5,''"'O(o"(-"L0S$N"'(K"$'$-(%,!4S5"03(
omdat de microreactoren nog niet bijster goed onderzocht 
M$&'("'(#"(3$!S+*/"3(',-('$"5(*+(5"(2,-"(),,034"++"'#"(K**0#"(
2"LL"'O(o"(-"L0S$N"'(K"+(35*'#**0#(1}=84*NN"Z"'(L$&(2"5(
0"*%5,0,'5K"04Q(!**0(!"/'-"'($'(#"(40*N/&N(MS++"'(5,%2(
!,"5"'(+"0"'(2,"(2"5(�%25($'("+N**0(M$5Oc
=*5(M$&'(K"0N(,,N($'5"0'*/,'**+(**'3+**5(L"K$&35(#"(N,!35($'(
9WWi(*+3(#""+/&#2,,-+"0**0('**0(_$'#2,)"'()*'(#"Q($'(N0$'-"'(
)*'(!$%0,0"*%5,0"'Q(K"0"+#L"0,"!#"(40,7O#0O(p,+N"0(R"33"+()*'(
2"5(T'3/5S5(7�0(6$N0,5"%2'$N(6*$'M(kT66lO(R$&($3(""'(K""N($'(#"(
!**'#($'(r0*L*'5O
bT66($3(5,,'**'-")"'#($'(_S0,4*("'(2"5(K*3(!,,$(,!(2"!(
2$"0(L$''"'(5"(2*+"'O(=*5($3(5,%2(""'($!4+$%$"5"("0N"''$'-(),,0(
2"5(K"0N(#*5(K"(2$"0(#,"'(*+3(-0,"4Oc
<
p,,0('*#"0"($'7,0!*/"(,)"0(#$5(,'#"0K"04Q(NS'5(S(%,'5*%5(,4'"!"'(!"5( 

40,7O#0O$0O(\**4(B%2,S5"'Q("8!*$+(&O%O3%2,S5"'�5S"O'+

k}>y>
(6�C?>

A�y(6
�C?>

��F��
�CIQ(_

AICD
H�Hl


