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&6 '(161(1 * 30&('* & &6 = *1( & )( 0 (6 510 3 1 *& 1 15*(&
)1 1( *13 3 ( )*14* (*& '(&5100 6&(40 3(&' 1*0 3 1 *& )  *1
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0* 013 & (5S0 = 0*1 0517 *& 6&(4 *' 01 6 &=
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5& 6 ) (* & &6 *1 6 30 =* *15&6 141 * )1&41*( 3 4 1(

*x &*13 * * 48&(1 =&(< 0 11313 6&( * 1 31(0* 3 ) &6 * 101 (1

41( 5 (101(2& ( 4&31 0 6&( &'&(& 0 5& 21 * & (101(2&
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< 1* 53 41*1( &6 F# E < 10 ( )10 6(&4 -:C#-:G 4 4U 1;# (
33 & &6 (&4 *5 ( )0 3 3(&5 (& ( 510 5(1 01 *1 < 1*
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Hydrocarbon: Shale Pore

0.5~10nm 5~100nm
A A
@+—@| medium sand
@—+—@ [iine sand
sandstones @®—@ very fine sand
@—@ coarse silt
——0—&  Upper Cretaceous Lance Fm., Greater Green River Basin
o—a L 5 > €9 Upper Jurassic Bossier interval, East Texas Basin
Iight spndstones L <@ Upper Cretaceous Mesaverde Fm., Piceance Basin
& < Lower Cretaceous Travis Peak Fm., East Texas Basin
[T Pennsylvanian shales, Anadarko Basin
L—umwi Pliogene shales, Beaufort-MacKenzie Basin
shales e Source fpcks, various areas in United States
w11 Devonianfhales, Appalachian Basin
: . wuwu Jurassic-Crefaceous shales, Scotian shelf Tyler sieve size
clay mineral spacings 44— 200 80 2 16
diamondoids L . . 325 150 48 24
oils | > o O——@ring struc('res e T A
water particle diameters (phi scale)
mercury Q clay silt sand
gases e .Nz % oH, (AT—T—)
‘ | | | [ | I T
1074 1073 1072 107! 100 107 102 108
1 nm 1um . 1 mm
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16 *(*& &(01' (* & '(&5100 ' O 4'&(* * (&1 2 (&
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0'15*( 4 2& 2 ) 5145 0 * 10 0+ 4 *1( 05 1 51+ '(&5100 1
4 6 5% () 31; 31 1* : ,--E: " 0 015* & '(&2 310 ( 16 6
6 341 * 0 *& '**1 1>'1( 41 * 01*' 3 3 0500 & 0 &6 * 0 3 O

0* 3 (36 *(*& * 1&( + *1(4 & &) + 3 '(5* 51:

*(* & '(&51005 132 313 *& 621 3 661(1L **'10 ) (1
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4 5(8&6 *(* & + -:-F 45(&0 *& F 45(& 0+ *(6 *(*&

&6 *( * & + . 4*& F 4 3 (121(01 &04&0 0 + O 100



Angstrom Units
(Log Scale)

Albumin Protein

~ Vius ~ AC.FineDustTest
Tobacco Smoke ~ Milled Flour

~ YeastCells m
Paint Pigment e
Bacteria ~ Beach Sand

Blue Indigo Dye | Red
" habestos el

Reverse Osmosis Ultrafiltration Particle Filtration

Nanofiltration Microfiltration
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Al 013 =*1('(65*&+ * * 10 014 #'1(41 1 414 ( 1 *¢
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4 >* (10 3&= *& 4& 15 ( 121 * (& ) *104'1 '™ 5* & &6 '(1
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013 0 *10& 21 * 3 *1414 ( 1 '&(1 0 ;10 (121 *1 ()1 &6 .#F

14 ( 1 '(&'1(* 10+ 05 0 * 1 4 *1( 3 *1(5* &0 1*=11 °*
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1*1 * & &6 ()1 4& 15 10 *1 414 (15 1 1> 13 &*
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) (1 ,;D 0 &=0 6& ( 051 ( &0 6&( * 1 6 &= &6 ) 0 4 >* (1 5
4& 15 10 ()1 3 04 * (&) 2 (& 00 ;10 &6 '&(10 013 & * 1
&( 051 (& + *1'&(10:;1 045 ()1(* *10 ;10 &6 &* 4&
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48&21 0 &=1( * (& ) * 1 '&(10* * 1 04 4& 15 10: &( 051 ( &
*10:;1&6*1 ()1 4& 15 10 3 ()1(* *1 0 ;1 &6 * 1 04  4¢
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1301*"=+* 6 *011* 414 ( 10 (1 O &* (1'(&3 5 1 5(&0
a b
feed
l l l l l feed retentate
__________________________________________________________ |._,
l permeate l permeate

) (1 ,:;G 5 14 * 5 (1'(101 * * & &6 414 ( 16 *(* & 0 0*14 310
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., 0*1(115* & &® 0& 5& 51 *( * & &6 0& *1 '1(41 *1 &
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0 11 013 00100 ) *1 414 ( 16 *(* & 1665 1 5 : * 1

&6 *( * & + * 1 0& *1 1 ) (115*135 10 )1 &( 4 * 5&4'&

1 013 * 0 0* 3 3 = 1 3050013 '"*1( B H 1* &3&

& - $ 1 0 ( 2

14 ( 16& ) 0O '(&5100 = 5 '(*5 10 31'&0 * & * 1 414
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JIG : & 51 *(*& '& (;*& 0*14 415 04 &6 414 ( 1 6&
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5& 51 *( * & '& (;* & & *1 (1*1 * *1 031 &6 * 1 414 ( 1 3
'(100 (1 X$#XY 5 315(1 01 0) 65 * : " 0 (10 *O &=1( 6
6& ): 13#13 6 *(*& 0 '(*5 ( 0O 15*%* *& 5& 51 *( * & ',
6& )3 1*&5& 51 *(*& '& (;*& 5 0& &55 ( 5(&00#6 &=
0 0 (121(0 1 '(&5100 35 1 12 *13 5(10 )6 >1
0* (( )*1 < 0& * & 31 3#1 3 6 *( * & + &( Yyt 0 )

& * 16113 0& * & O:

3( $ "

"1(1 (1 3 *1>'1( 41 * 3 * *1( % (10 &= ) * * ) 1('(
(115* & : ) (1 ,:E 0 &=0 O0* &1 &6 05 1> 4'10: 31; 31 1*
55&(3 ) *& * 1 '1) 1(H@1314 17 * & 0 ((121(0 1 * 1(4&3
3 05 0013 '*1( G + ) 1( 0& 21 * 6 >10 (10 * ) 1( (1 15*

'(100 (1 5(1 010 * 1 0& 21 *6 >10 3 * 1 (1 15* & :

Rejection

Best Fit
02 0 300 mg L Glucose
O 600 mg L ManNAc

0.0

0.0 0.1 0.2 0.3 04 0.5

ﬁPEIMPa
) (1 ,;E 10*#6 * 3 * 6&( 1>'1( 41 * 2 10 &6 ) 5&01 3 5



4 1 %

@&&'0 1* : ,--. 0 &=13 * * (1 15* & &6 0& *1 = 0 31'1 31 *
&*13 ) 1( (1*1 * & &6 1 ( 3(&5 ( & 0 x 1 414 (1 =1 *
1* & 0*1 3 &6 1> 1 ) (1 ,:/ :" 1 **( *13 * 0 *& * 1 ) 1(
414 ( 1 * 1> 1+ = 5 =00 "&(*13 * 1 & 01(2 * & * * 1* &
* 1> 13 ( ) *1*10*0+; 0 1* : ,--, 0& & 01(213 ) :
JEC 41% & * 1> 1: ) + *1 5&5 313 * * ) 1(0& 21
) 1( 0& 21 * 66 * *& * 1 414 ( 1 3 ) 1(0& *1 (1 15* & : 1

6(&4 414 ( 1#0& 21 * *1( 5* & + 3 * = 1 3 050013 1>*:
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Pressure (bar)

) (1 ,:/ & *1 (115* & 0 6 5* & &6 * 1 6113 '(100 (1+ 41
5& 51 *( * & &6 .D-- ''49 3&5&0 & 5 53 = *1 5 (5 1 + *1*( 5&0
3 *1*( 5&0 1 1> 1 5< *( )1 @&&'0 1* : ,--.:

"1 66 * &6 0& 21 * *& 414 ( 1 07 *6 13 *1 0& *
0& 21 * 3 *1 414 ( 1: 661(1 * 0& 21 * '"(&'1(* 10 05 0 4& ( -
0 (6 51 *1 0 & 33115*(55& 0* *1*5: =1(1 1>" &(13 *& 31 * |
0& 21 *6 > *=06& 3 * * *1 0& * " (41*1( 5&((1 *13 -

414 (1 (1 15*& " 1 ,:.



" 1 ,:. 1 15* & &6 * 1 0& *10 * (11 0& 21 *0 " + # 1'* 1+
' (41*1(0 3 * 1410 (136 > * B- (+ ,FRBJ 3. K4 6113 ¢

Name Molecular THF n-heptane Ethanol Solubility

weight Rejection Flux Rejection Flux Rejection Flux parameter
|g/mol] |%] [1fm*h] [%] [lfm*h] [%] [1jm*h] [Ufem?)™]
A 2274 64 133 21 137 -19 5 213
B 2554 72 34 26 g3 —21 4 208
C 2725 72 121 54 141 -37 6 183
D 2615 72 151 38 a8 -12 6 194
E 264.5 55 89 54 137 —41 7 17.1
F 3346 B85 141 63 132 —35 6 185
G 3525 B9 105 70 121 —32 6 198
H 3144 B3 128 42 102 —27 4 208
1 3315 a0 131 54 126 —-17 6 215
1 306.5 79 135 56 an —29 9 19.7
K 430.7 B3 146 75 154 not soluble 19.3
L 402.7 B9 140 78 130 not soluble 194
M 448.7 95 83 83 84 —44 7 19.6
N 476.8 96 131 79 131 not soluble 194
5+
55&(3 ) *& 7: ,:.+ (1*1 * & 5 1 1) * 21 =1 * 1 5& 51 *( *
*1 '"1(41 *1 * *1 (1*2 * *1: " 0 ' 1 &41 & 0 =1 < &= =1 |

'15 ()13 414 ( 1 (1'1 0 * 1 0& 21 * 3 * 1(16&(1 13 *& ) 1( 6
(1*1 * & V **V( 3 0*(W4 ,--D :

&( &() 5 0& 21 * &6 *(* & + 1) * 21 (1*1 *& 05 013
''( 41*1(0 &6 0& 21 * ) * 5&4'& 1 * 3 0& *10 12 5&4'& 1
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