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Abstract
Resorcinol-Formaldehyde gels are suitable materials to produce microporous and mesoporous carbon
gels. Normally, they can be prepared via sol-gel polycondensation method under basic solution. In this research
have 3 parts as follows.
PFart 1, the probability to use microwave drying for RF gels, which was prepared by ultrasound during
sol-gel polycondensation process, was studied. When microwave drying was used, the catalyst concentration or
C/W value of RF solution should been kept smaller than 40 mol/m’” to obtain mesoporous carbon gels. At high

EﬂW'un!u:(ENf:-wanmj}ofRlemim, pickoivave dried mesoporous carbon gels had a few mesopores.

In this work, mesoporous carbon gels ar
(R/C [mol/mol]) and using ultrasoni

justing molar ratio of resorcinol to catalyst
sol-gel polycondensation step followed
carbon gels can be retained by
nol, of RF solution at high CW value

by microwave drying. Mesoporc
using ultrasonic irradiation and the |
(C/W = 80 mol/m’).

Part 2, the probab or submicron carbon spheres
preparing was studied. In this ‘ \with the BET surface area of 510 -
610 m*fg and the mesopore volugi€ of ir" oo /g €an & ¢ firs ed from carbonization of resorcinol-
formaldehyde (RF) submicron spheges wiic) n-o1l emulsification with span80 and
ertics can be obviously changed by

number and much smaller size submicron

ultrasonic dispersion. Moreover, surfz
ultrasonic emulsification. By using

carbon spheres can be observed compared 44 biifoog cniz ; anically stirred emulsifications.

: ¢l hnd carbon gels preparation,
synthesized with and wifigut catiomiens mc@f—ﬂg corresponding). RF-NS
carbon shows the best porgus.properties comparipg to RF-NS gel and RF-CS carbon with

BT OT AT OTCITE Y S —

distribution peak (Hy} of 7.2 nm. Next, RF gels and carhon gels were use“r alkaline protease
o A A Qi R e o
RF carbon‘gels and entrapped for RF gel. Results showed that RF-NS gel gave highest enzyme
loading; 86.30% of initial enzyme for alkaline protease and 84.36% of initial enzyme for lipase.
Immobilized alkaline protease on RF-CS carbon demonstrated the specific activity of 103.80
units/mi-mg protein comparing to 50.58 units/ml-mg protein of free enzyme. Immobilized lipase
on RF-NS carbon demonstrated the specific activity of 23.35 units/ml-mg protein comparing to
9.69 units/ml-mg protein of free enzyme. Moreover, immobilized enzyme in RF-NS gel and
carbon gel showed higher operation stability comparing to free enzymes. After 5 cycle run,



immobilized alkaline protease in RF-NS gel gave 64.89% retention activity, while immobilized
lipase in RF-NS carbon gave 62.23% retention activity. Immobilized enzyme in RF-NS carbon
stored at room temperature and 4°C for 4 weeks gave more than 94% retention activity.

Keyword : Microwave Drying, Porous Carbon, Carbonization, Adsorption, Porosity, RF Gels,
Carbon Gels, Enzyme Immobilization, Submicron Mesoporous Carbon Sphere, Ultrasonic Emulsification,
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Resorcinol (R) +
Formaldehyde (F) + Water

Gel Formation at 607C
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Microwave Drying Bl 0.16 049 25 522
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c4 0.16 033 22 642
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Enzyme Protein content in washed heptane (mg protein)

after runl | after run? | after run3 | after rund | after runs

RF-NS gel 0.421 0.211 0.278 0.345 0.292
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M 4.13 maeaplpuenidveusu lwiuan lmiTusdeados: uazen lslusantlmiTusfAwan

EEvR
Enzyme Enzyme Loading Specific rate Retention activity Retention activity after 4 weeks
Alkaline Protease after 5 eycles 4uC Troom
(% of initial enzyme) | (unitiml-mg protein) | (%o of initial activity) | (% of inbtial activity) | (% of initisl activity)
RF-CS carbon 13.01 103.8 10.06 8927 6524
RF-NS carbon 76.25 8.08 38.20 94.32 76.56
RF-NS gel 8630 | 9324 76.20
Matural alkaline protease - 64,08 1805
A3 4.14 managlnumninye s A wga 1wl o) om3 ag
/ WSS

‘* “‘““‘““ Retention activity after 4 weeks

Troom

Lipase
“}\:\\’\ & of Initial activiy) | (% of knitial activity)
RF-C5 carbon 3528 ‘ IE@ 8542 67.74

RF-MS carbon 506 j'm % “ 93.02 £6.54
RF-NS gel 8436 ‘ uim 95.04 2801
Natural lipase 70.67 33.00
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5.1.3.3 :unnmm'lum:mw ——
..‘-" e ]
o lanfueantlay "‘?":‘n S wathdosnmlunmsise
oy i, - - ] ] aly alyaty -' 4
Uifsngafiqe  uavowlefiuedod s saens sfirhgan mlumsis nlfidndiiga
Tavlinenssununienons 6 UDY 19.99% YBININTIU

Fuau muday

wu'laflanle RENS amiuoyiiedvsnmlumsis al§asngs

o _'"-'_—'_"'_ = -4 o
wu'lnfuean Yt hrismor—mowimin 58 Mivouiiadusnmlums
“la uﬁﬁ’tmnﬂﬂnﬂﬂs Aloadais

il d o = o - Y d w vl
lﬂﬂﬂiﬂ1ﬂ1uﬂ1ilﬂﬂ1ﬂﬂ1ﬂ11‘ﬂﬁ Tﬂl.ll.lﬂ'ﬂﬂi3mﬂlﬂﬁﬂﬂ1ﬂﬂﬂ4ﬂﬁlﬂﬂiﬂﬂl 4 ilamin

s 4 c A PRAELAE IR ocsranciiva

76.56% LAY 33.05991!aqﬁnnﬁuﬁuﬁ'un'tyﬁ'lﬁ'u o

ﬁ A ﬂﬁﬂ.‘?mﬂ?ﬁ ‘af | “a“l'gﬂﬂﬁu:"ﬂmf

= 5 J ’
qampiiiosgafiqatiu 86.54% vosnnssusudu Tuvuziewlniiasely RENS wa i

d w - - - :
iﬁ'l.liﬁll"l'l"lﬂ'lqmﬁqu 4 C ung

a - - - -
wdvsnmlumsiduinniiquugll 4 °c gafigqaiiu 95.04% vesfenssuGudu oulnila
o & o & - -
nladaszdmadiodosnmlumaduimndifigansfigungiifes unzqaing 4 °c Tavil
Awnssunamdemondsmaiuinm 4 dlaniitdu 33.01% uas 70.67% vesfisnssuGudu
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n.1 #a lo TonoumsgaTy-nudY (Adsorptiom - Desorption Isotherm) ¥01'u Tnsia1

#1 77 11071 Y04 RF carbon sonogel UAZ RF carbon gel

C/W =20 mol/m’, and R/C=200 mol/mol

Power =0 Power =22
Adsorption Desorption Adsorption Desorption
Vol PP, Vol Vol PP, Vol PP,
0.00 0.00 484, 0.00 695.49 0.88
5.09 0.00 47996 79 0.00 555.73 081
20.15 0.00 0.00 39291 0.78
40.05 0.00 00 28936 0.70
65.04 0.00 )5 00 241.85 0.58
94.59 0.00 0.03 215,61 047
127.29 0.00 22 2045 05 198.38 0.38
152.21 0.02 \iF . - 0.06 186.10 0.30
161.37 0.05 19781 246 153, 0.07 17437 0.22
164.59 0.06 188. i3 5 0.08 16334 0.15
167.56 0.08 17887 4= iAo 0.09 153.61 0.09
170.45 0.09 i
171.91 0.10 5
173.83 0.11 . 21
180,97 0.15 - €a o J8724 027
189.72 0.0 w_ﬂ qm
198.77 u.zq'l ! I 207.68 0.40
20878 )33, 7 "'m
218.73 39 230.0 43 U
23031 0.45 243.80 0.59
243.00 0.52 26031 0.66
257.94 0.58 280.50 0.72
27563 0.64 305.14 0.77
299.77 0.69 342.13 0.83
finewidaly
C'w =20 moh’ml, R/C=200 mol'mol
Power =0 Power =22
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Adsorption Desorption Adsorption Desorption
Vol P/P, Vol P/P, Vol P/P, Vol P/P,
327.24 0.75 393.39 0.87
368.00 0.79 464.58 0.90
411.35 0.83 546.62 0.92
463.00 0.87 650.22 0.94
483.92 0.96 702.84 1.03
508.17 1.03
AT .1 UeAINANTS N3y 319 IABIU Y8 RF carbon sonogel 11aY
RF carbon gel i v2 = Vmol
Power =0 - Power =22
Adsorption Desorption
Vol P/P, ol P/P, Vol P/P,
0.00 0.00 4 L 0.00 502.58 0.91
6.35 0.00 3843 01 0.00 497.53 0.77
19.12 0.00 327.03 74 0.00 436.84 0.65
38.48 000 L 2 ( 337.19 0.61
63.55 0.00 01 280.59 0.53
94.82 0.00 7259. gms 251.12 0.43
130.95 0.00 23755 0.20 184.47 0.07 234,61 0.35
155.83 218.80 0.26
163.73 208.31 0.20
166.52 B} 98,15 0.13
169.15 li'ﬁlm 0.08
172.01
175.28
177.90 0.11 228.43 0.33
finemidaly
C/W =40 mol/m’, R/C=200 mol/mol
Power=10 Power =22
Adsorption Desorption Adsorption Desorption
Vol P/P Vol P/P, Vol P/P, Vol P/P,




106

186.42 0.17 23938 0.39
195.98 0.23 249,93 0.45
205.07 0.29 26181 0.52
215.63 036 276.60 0.58
22555 0.43 294.06 0.64
236.15 0.50 319.12 0.69
248.56 0.56 349.14 0.74
26220 0.63 . 395.80 0.79
27666 | 070 2NN - 0.83
296.28 0.76 — S 0.87
316.40 0.83 I 097
348.08 0.88 ! 5498 1.01
381.96 0.94 , N N
41391 1.01 \\‘

ANTIT 1.2 UETRIHANTTNT

@\ 7" A4 Y81 RF carbon sonogel 1A~

RF carbon gel Nilndl CIW e '\ * mol/mol

ﬂ‘lJEl’JVIEWIﬁWEI']ﬂ‘i
wwmﬂimum'mmaa
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C/W =80 mol/m’, R/C=200 molmol

Power =10 Power =22
Adsorption Desorption Adsorption Desorption

Vol P/P, Vol P/P, Vol PP, Vol PP,
6.41 0.00 334.03 0.88
24.79 0.0: 330.26 0.74
55.41 0.00 310.72 0.57
91.60 0.00 240.56 0.51
129.52 0.01 208.02 042
146.04 0.04 193.38 0.33
150.24 0.07 181.39 0.24
152.81 0.08 172,52 0.16
154.39 0.09 164.52 0.10
155.83 0.10 156.82 0.06
160.68 0.15
165.25 0.21
171.02 0.27
175.49 0.34
181.16 0.40
185.25 047
193,15 0.53
198.47 0.59
204.96 0. 52,
214.99 0. 222, I IJ!E g
22534 | 078 ¢ 234.38% 065 |0S
241.49 t WB';I 251. Jo
270.87 H 0.88 274.16 0.76
303.76 0.93 30471 0.81
324.51 1.01 33042 0.87

335.78 0.96

A1 03 uetnanamsn1sgagu-mody Tulnsiou figumngil 77 na%u ¥94 RF carbon sonogel 1oz
RF carbon gel A1 C/W 1171 80 molim®, R/C = 200 mol/mol
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C/W =80 mol/m’, R/C=100 mol/mol

Power =0 Power =22
Adsorption Desorption Adsorption Desorption

Yol PP, Yol P/P, Vol PJ'P. Yol I‘IP.
6.16 0.00 405.10 0.88 10,16 0.00 479.74 0.89
24.07 0.00 401.00 0.74 3968 0.00 472.83 0.75
47.81 0.00 394.41 0.56 88.77 0.00 432.62 0.59
71.23 0.00 336.50 | 143.09 0.00 319.83 0.52
11231 0.00 286.14 ) 0.03 266.14 0.43
148.40 0.01 255,86 5 ‘ 0.05 24228 034
169.50 0.04 231, 29 0.06 22502 0.27
176.63 0.06 21 : 0.08 210.33 0.19
178.81 0.07 64| 0.09 196.96 0.13
181.54 0.08 9 ar . 10 183.48 0.07
184.26 0.09 | 79 006 15

195.39 0.15 ity B 027
204.55 0.21 : ~ 0.33
21453 0.26 = 5 0.40
224.62 0.33 — 70 0.46
236.98 039 P 2
249.92
265.89
284.73
30741
337.56
365.07
388,37 ¢
39795
406.44 0.97
43338 1.01

A1 g uanswamimigagu-awdy Tulasiou fgemyil 77 1Aau ¥83 RF carbon sonogel 1az
Ao ]
RF carbon gel il C/W i1t 80 mol/m’, R/C = 100 mol/mol
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C/W =80 mol/m’, RIC=50 mol/mol

Power =10

Power =22

Adsorption

Desorption

Adsorption

Desorption

Vol

P/P,

Vol

Vol il

Vol

P/P,

0.00

0.00

6.47

0.00 0.00

5.30

0.87

0.15

0.01

0.16 0.01

234

0.67

0.11

0.02

0.10 0.02

0.49

0.52

0.10

0.10

0.11

0.15

0.22

0.31

0.39

0.58

0.78

1.17

1.47

1.93

257

2.84

314

s

-0.61

0.40

-1.14

0.30

-1.41

0.22

-1.59

0.14

-1.70

0.07

4.66

5.09

5.55

6.13

_ 4
W

7.45

0.97

8.80

1.03

J L L -4 - -
MInins  uaaswanismgadu-awdy Tulasiou Hgumgil 77 19a3u Y04 RF carbon sonogel 1Az
RF carbon gel fiTIA1 C/W 11111 80 mol/m’, R/C = 50 mol/mol




Tyrosine (pg/1) Adsorbance

0 0.000
20 0.185
40 0.323
60 0.521
80 0.730
100 1.002
120 J | // 1.146

_.- 1342

I'I'I‘IHﬂ 0.6 LAAIAINIIE

14 1

/2\ S pwiduduvesInTsdudeg

12

N lé B

04 - e #ﬁ’
02 1'% : :
77 A d
il —_ F =
0 0 80 100 120 140
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% n-butanol area ratio (butanol/heptane)
0 0.000
10 0.472
20 1.197
30 1.602
40 2.152
50 2.783
60 3.124

o F ¥
FATTHN N7 LTRIAIDASTT Y
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x LR, Mo

\\\ rbance

250 0.633
300 0.705

M3 n.8 urnansganduumaiin lfeinmisazato BsA ffinnudududwig



ANT AL

Ads
Vol Va
4,92

19.57 0

4388 | 0.

77.96 0.000
115.8

143.03

151.76

300
e
¥010 BSA
tion

P/P,

2 0.891

22 0.865
456.8 0.849
349.6 0.813
0.739
0.627

Roils

lﬂ 41 ; .

160.33 0.103

166.58 0.149 498.54 0.911 159.2 0.114
173.24 0.204 579.09 0.926 151.1 0.063
180.44 0.264 629.42 1.005

13190 0.9 Ha'le Temeun13gAFU-AIFY (Adsorption-Desorption Isotherm) v03'hu Tasiouit 77

V@4 RF-NS Carbon
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Adsorption Adsorption Desorption
Vol P/P, Vol P/P, Vol P/P,
525 | 0000 | 18437 | 0399 | 2557 | 0892
208 | 0000 | 18857 | 0463 | 2460 | 077
46.61 | 0000 | 193.19 | 0527 | 2217 | 0621
8258 | 0.000 2015 | 0502
12817 | o. & 1861 | 0404
154.24 21 04 | 0318
160.32 1 | 0231
162.14 17 0.159
163.08 0 0.098
164.22 J
16543 | 0 :

169.01 | 0.1 ,,
172.86 | 0.211 T
176.62
180.46

114
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nalunsads]  WSineTsiuiinda1d (g | weddudionlanfiinda14 )

(hr) RF-CS RF-NS RF-CS RF-NS
0 0.00 0.00 0.00 0.00
1 140.60 7.71 8.28 0.45
2 §8.90 951.78 5.24 56.07
3 211.60 1247 58.96
4 234.51 13.82 69.59
5 231.74 fu 65 79.26
6 228.77 7937
7 320.54 77.43
8 342,55 8 78.00
9 296.93 0 49 72.08
10 220.7 ) 3.01 76.25

17190 0.1 uaaadiua TdsAuueam

1IINTAT A

I.' -
[ :“

-
AL

-
UL RF-NS A5 UBY UDE RF-CS A5 uaui

AULINENTNEINS
ARIANTAUNNINGAE



nalumsads Activity naluminda Activity
(hr) (unit) (hr) (unit)
0 50.824 6 47.142
1 50.135 7 47.135
2 49. 8 46.202
3 45523
4 = - 44.821
5

AT199 0,12 UATAININTS
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nnlumsisaljison VS1a Tyrosin firan 14
(min) (ng)
0 66.235
1 115.369
2 170.705
3 280.001
4 345.996
82.141
— ﬁ
A3 0,14 uamainainl ] voueulaluean lmi
Tulsdeedas:
7
time (
= run$
0 60.5¢ id 00.523 | 333.558
5 | a7 2 556 | 397.314
20 33 422.226

=
A13130 n.15 uaaaFinm’n ﬁ'nnn'l#ﬂnmmﬂ uazsmljiied i nnmss nlfisowe vy o

““““““ﬁ“ﬁﬁi‘“wamw NS
ammﬂimumfmmaﬂ
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time Tyrosine ([lg/ml)

runl mun2 run3 rund runs

0 80.761 | 50.884 | 49.598 | 45213 | 36.176

5 118.965 | 63.863 | 57.884 | 50.259 | 40.021

20 133.353 | 73.537 | 60.259 | 58.612 | 43.638

time
run5
0 4 924 M8 25\, (\43R277 | 37.564
s |75 C9T7A1 =81 41 264 | 44.230
20 | 107, BE51 | 7283 | 50.645
| > 7y
M50 017 ueraalTunu , idg i wftove e lad
usam1miTyls

ﬂuﬂawﬂwﬁwa1ﬂi
AR TS RN

0 45.236 | 45269 | 44.647 | 44.523 | 40.987

5 53.189 | 52.114 | 50.838 | 50.123 | 45.114

20 58.663 | 56483 | 56.921 | 54.244 | 49556

a1 0,18 nanaFne InTsduiinga 18inawieg uarsenlisnangnnnssalfisuveueu sl
uoam lmi Tsdeaiingsdo RF-NS 190
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Enzyme runl(%) | run2(%) | run3(%) | rund(%) | runs5(%)
[Physical adsorbed on RF-CS carbon] 100.00 | 33.97 | 21.69 | 1321 | 10.06
Il‘hysiuai adsorbed on RF-NS carbonj 100.00 | 84.92 | 5439 | 40.04 | 3820
Gel entraped with RF-NS gel 100.00 | 86.07 | 77.84 | 7041 | 51.89
Natural enzyme 100.00 | 60.63 | 3580 | 31.35 | 19.99

A15197 1,19 UAAF retention activity 99NN
usam lmi lsAeaniag

natural enzyme | 2 entraped with RF-NS gel
(unit) ‘// \\ (unit)
. ' A" \"‘“
4°C | Troom ‘ \ h 4°C Troom
DLW ‘~
48.742| 48.742 f ‘ £ J,‘ 5921 9.635 9.635
46.431| 38.891 15.039 9.544 9214
42236 30.265 ¥ 13.878 9.510 8.446
5
36.994| 26.145 22.238 ==- D5 12.783 8.973 7.268
'?'
31.234| 18.546 B 189 8.984 7342

A13739 0.20 uaRaRIRINT 71 Tihit 2

a3zl muumnmnm mi qmnqumqq

)

d

ﬂ‘lJEI’J‘VIEWIﬁWEI'm‘i

ammnmummmaa

s rJ adnsz unzusan 1o IsAee
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A15191 N.21 LEAIHAMTATUIE

Tilshoaniaplatt ,“.\‘tt

i fﬁz 3\\\\

CLLTILLE ¥ M

nalumsaia
() I[
2 4321 l
5 7.111
10 8.236
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natural enzyme | adsorbed on RF-CS carbon | adsorbed on RF-NS carbon |entraped with RF-NS gel
weeks (%) (%) (%) (%)

4°C | Troom 4°c Troom 4°c Troom 4°C Troom
100.00| 100.00 100.00 100.00 100.00 100.00 100.00 100.00
9526 | 79.79 98.12 90.21 99.24 94.46 99.06 95.63
86.65 | 62.09 96.66 81.11 97.62 87.17 98.70 87.66
7590 | 53.64 93.38 80.29 93.13 75.43
64.08 | 38.05 89.27 76.56 93.24 76.20

T Isdeadase uazueanlmi

mfmu'!ﬂuﬁi'-"m?ﬂi (%)

‘\\\L RES
35.67
30.46 56.21
3528 50.62
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13.122
1.0 29.527
1.5 45.607
2.0 49.818
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nalumsisalf§ior | Y5inu n-butanol #1490
(min) (mmoV/ml)
0 23.298
5 136.425
10 150.103

164.147

AN
77/20 R

*

A1 0.24 uamnlSinadimmdon 1’-_ 21313 'lq mveaow el lanladass

e - - - ¥ . ] [] ™
i 025 uraslfnadimmeaign1§inniiieg uazseunlfisurmesinmsis alfisoves

fl‘;{ : “.-:.{ #

msflﬁs

vl lanladase

121



time butanol consumed (mmol/ml)

{min) runl run2 run3 rund runs

0 20.145 | 24.635 | 25771 | 25.349 | 22.168

5 109.691 | 60.561 | 53.548 | 52.625 | 45.235

10 124714 | 68.145 | 59.456 | 60.143 | 58.789

15 126.356 | 80.111 66.142 | 65377 62.134

20 | 140254 802 | 76.142 | 70.045

200 qq@uﬁmqnnm:dqﬂﬁﬁi‘unm
- %

A1519% 1.26 uaaliumiiom

woulnllanlaiiag e

time

(min) run$
0 19.117
5 97.259
10 96.532
15 102.456
20 111.156
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time butanol consumed (mmol/ml)
(min) runl run2 run3 rund runs
0 20.145 27.235 29315 | 23.178 | 26.532
5 104.561 | 103.218 | 102.510 | 82.278 | 76.878
10 127477 | 106405 | 101.659 | 86.479 | 80.124
15 135.052 | 110.234 | 108.878 | 87.493 | 81.068
20 144.423 456 | 90.364 84.697
L
A131eH 028 uerAalFinadion /
wou 1wl lanlaiing

Enzyme

F’hysicnl adsorbed on R

hysical adsorbed on RF

Gel entraped with RF-NS g

MNatural enzyme
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rund(%) | run5(%)
3046 | 25.76
7204 | 6223
7001 | 59.64
3271 | 29.69
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natural enzyme | adsorbed on RF-CS carbon |adsorbed on RF-NS carbon |entraped with RF-NS gel
(unit) (unit) (unit) (unit)
4°C | Troom 4°C Troom 4°c Troom 4°C Troom
0 |210.805) 210.805 283.786 283.786 278.666 278.666 507.897 507.897
1 [205.978 165.060 | 269.682 266.276 274.263 265.895 494.976 484.788
2 |1B9.561| 87.036 250.939 227.666 260.934 247.335 478.889 436.018
3 [153.620| 35.598 226.156 181:356 {2 1.671 222,997 452,119 351.082
4 108564 11.751 | 193.183 \“\ Wih, | 192973 | 429.694 | 273.879
MR 1.30 uarAdnInT s (( ilal “"» anlamagl memdamsiuinm
fiqumgiinng _
natural enzyme | adsorbed on entraped with RF-NS gel
weeks] (%) %y 1 1%
4°C | Troom 4c Troom
0 [100.00| 100.00 lﬁﬂﬂﬁ 100.00 100.00 100.00 100.00 100.00
1| 9771 | 7830 ﬁwﬂ‘” ﬁﬁ 97.46 95.45
2 | 92.03 _52 ?3 U 93.ﬂ$ - 5P 95,12 | | 93.92 A ', 96.75 89.94
3 | 81.04 Qu‘. | alﬂ ﬂ va M&Ml 80.52
4 | 70,67 | 33.01 85.42 ' 67.74 93.02 86.54 95.04 78.01
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