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ABSTRACT

This research concentrated on a synthesis of mesoparous carbons adsorbent (RF 1- RF

12) prepared by sol-gel method using resorcinol and formaldehyde as the precursor. It was found

that some factors such as different ratio of reactants, type of solvent exchange and drying process
affected properties of the prepared mesoporous carbons. Adsorption of [B-carotene in crude palm
oil (CPO) was investigated using a commercial activated lcarbon (Ac) and the synthesized
mesoporous carbons. Both adsorbents exhibited good adsorption of [-carotene in CPO when
isopropanol was used as a solvent. It was found that the adsorption equilibrium on Ac was
reached within 24 hours while it took 72 hours for mesoporpus carbon adsorbents. [B-carotenes
could be more adsorbed by mesoporous carbon adsorbents than Ac adsorbent because of larger
pore size and pore volume. [B-carotenes adsorption on RF 9 was 10.6 mg [3-carotene/g adsorbent
while the adsorption rating of RF 8, RF 7 and RF 10 were| 10.3, 9.4 and 9.3 mg [B-carotene/g
adsorbent, respectively. Desorption of B-carotenes was best found in toluene solvent. 1.61 mg B-
carotene/g adsorbent was largest recovered from RF 10 after desorption comparing with other

adsorbents. Thus, RF 10 was a suitable B-carotene adsorbent due to its adsorption capacity and

desorption degree. .
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¥UAAS U319 (ppm)
Carotenoids 500-700
Tocopherol and tocotrienols } 600-1,000
Sterols 326-527
Phospholipids | 5-130°
Triterpene alcohol 40-80"
Methyl sterols 40-80
Squalene 200-500
Aliphatic alcohols 100-200
Aliphatic hydrocarbon 50
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FiAvIA 15Ny U (%)

Phytoene 1.27
Cis- [3 -Carotene | 0.68
Phytofluene ' 0.06

[ -Carotene | 56.02

o -Carotene 35.16
Cis- & -Carotene } 2.49

o -Carotene I 0.69

¥ -Carotene | 0.33

o -Carotene 0.83
Neurosporene 0.29
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@ -Zeacarotene 0.23
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N3AAD3IN C12:0 0.1-1.0 0.2
nsA lusaan C14:0 0.9-1.5 1.1
nsmhauiian C16:0 41.8-46.8 440
nsahauiilaadn C16:1 0.1-0.3 0.1
NSAAATOIN C18:0 | 4251 45
nsnlow@dn Ci8:1 | 373408 39.2
nsA luaon Ci8 2 9.1-11.0 10.1
ns5Ad luatn C18:3 0.0-0.6 0.4
NIADIIFAN C 20:0 | 0.2-07 0.4
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f. NIZVIUMSINAIDA
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M99 2.8 AMUSIAIRIVDIFIazANgUHMRTT 50 DIrTaIFod [33]

anhazatw ANTIAIA (dyne/cm)
1{7 67.74
p2d Iau 21.14
MU 19.97
mesniimuea 18.07
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NGELE High Performance Liquid Chromatography (HPLC) (Thermo Electron Corporation)
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9. Lﬂ?aaauuﬁmnuqtymmﬁ (vacuum dry)

10. WD

11. D1AAZUNTITOU (sieve tray) YUIA 12 1182 20 mesh

12. El'N'l{‘lﬂ'nJF}iJQilmQﬁ

13. unaudInues

14. mémﬂﬂnﬁ'uuﬁ'ﬁ"lﬂmmu (Micromeritics, ASAP 2020, Surface area and porosity
analyzer)

15. 11509 scanning electron microscope (SEM) (IEOL;I'LI JSM-6400 scanning microscope)
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Solvent C/W R/F R /C R/W

Sample Drying x

Exchange (mol/mol) | (mol/mol) | (mol/mol) | (mol/cm’)

RF 1 TBA Vacuum dry | 1000/0.25 0.5 1000 0.25
RF 2 EtOH Vacuum dry | 800/0.25 0.5 800 0.25
RF 3 TBA Oven dry 800/0.25 0.5 800 0.25
RF 4 Ace Oven dry 800/0.25 0.5 800 0.25
RF 5 EtOH Oven dry 800/0.25 0.5 800 0.25
RF 6 TBA Vacuum dry | 500/0.5 0.5 500 0.50
RF 7 TBA Vacuum dry | 500/0.25 0.5 500 0.25
RF 8 TBA Oven dry 500/0.25 0.5 500 0.25
RF 9 Ace Oven dry 500/0.25 0.5 500 0.25
RF 10 ETOH Oven dry 500/0.25 0.5 500 0.25
RF 11 TBA Vacuum dry | 200/0.5 0.5 200 0.50
RF 12 TBA Vacuum dry | 200/0.25 0.5 200 0.25
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Funoud 2 msmedy

1 v Tswedan1sueuiiarudnmhmsmedudwasazaiv cyclo hexane, n-butyl
acetate, toluene, ethanol, benzene, tetrahydrofuran 110 1{1ﬁuﬁamﬁm Sy 2 A5

2. Wid0sas I3 180 souderi fgunal 50 esrisaiFod ituan 24 §2Tas

3 theasazmoimedy T inseinlSunaudunTsiulaolHinses HPLC

WSunnodl (mg) = USuamsmesu (mg/L) X smnudmiazan (g) 3.2

1000X ANURUIMUUAINIAZ A

3.4.6. mymnslinasgiuasazmesualsnu
1. wsouasazmenasgdn 1 fududu 500 ppm Taodaensunsgruiud uals
fulSinm 0.025 ndu @snuiiudihazain hasazawmasgneudwa lsiuldaslu
wndalTunsvuie 50 Taaans wuwenuauiilines 50 Tadans winuiuioduiu
2. wiowasararanasgudina Tsfiududu 100, 200, 300 uaz 400 ppm TavTnla

b =] 9 =y a an 1 ar =3
msazanasguudwa Tsiulude 1 Y5 2, 4, 6 unz 8 ladaans ldluvaaialsunsg
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|

3.4.7. maannzvimfSnanudualsnvlagl¥ines HPLC
I NIPIMISHABINIINTIZIAIM Syring filters ﬁﬁmmmaagﬁmsdm'lﬁ’umﬁn 0.45
TuTnswns wozshasiimsnsewds l5ine e 14iases HPLC
2. gunsaluazanzildlumsiinged
ADAUY : ODS-2-HYPERSIL
1n309M5293R : UV-Visible AAANUEMAAY 450 W1 TuAs
AITAINT - UNIUDA < 1FNIY 85 : 15 /v
8751M3 1Mav0IensfmIw : 1 Hanansaeui

USuaasn s lumsimsed - 20 luinsans

= das o o
3.4.8. MIAATIZHANHUSN MM NUYDINIGATU
3 ¥

MM AATILHAUARD VIAgNTY M15NTEN0AIVEIINTY taz U5 19v0egNILAILTT
Brunauer-Emmett-Teller (BET) [39] Tﬂuﬂh’ﬁﬂ?miu Micromeritics, ASAP 2020, Surface area
and porosity analyzer Taw

d.y dl“ o - .
MIWUNHIVUNIE 10 Single point surface area
mfSuasgwgum Tawes (v, ) msnszaudivedgwgu minaumsiines (BJH) (40]

mfSainasgnguluTnswes(v,,) #1035 1indon (t-plot method) [41]
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N W B [8)) )] ~l
o o o o o o

Quantity Adsorbed (mmol/g)

-
o

0 0.2 04 06 0.8 1
Relative Pressure, P/Po

i 4.1 TolumosumsgaduuaznismoduudaluTnsiouvesdagadu Ac nae RF 1- RF 12
Tau fioAc M AoRF1 [ fORF2 AAORF3 AMORF4 +ADRFS * A0 RF6

® foRF7 OAORFS ® ADRFY O Ao RF 10 X A0 RF 11 - &0 RF 12

70 -

D
o
1

(€3]
o
1

o
o

W
o

N
o

Quantity Adsorbed (mmol/g)

-
o

0 0.2 04 06 0.8 1

Relative Pressure, P/Po

i 4.2 TelmmesumsqaduunznsmodundaluTasinuveadinad Ac uag RF 1- RF 5

Taun foAc MAORFI _ AoRF2 A AORF3 AADRF4 +A0RFS
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Quantity Adsorbed (mmol/g)
N w B [4)] <D ~l
o o o o o o

-
o

Relative Pressure, P/Po

7N 43 'laimmas’nmmﬂci'f'uuazmsmucfuuﬁ'ﬁ"luTﬂsmuﬂlmﬁ"aﬂﬂﬁn RF 7 - RF 10

Taoh @ AoRF7 O AORFS ® AORFY O fB RF 10

70 -

[o)]
o
e

(4]
o

Quantity Adsorbed (mmol/g)
i
(=]

0 0.2 04 0.6 0.8 1
Relative Pressure, P/Po

JUN 4.4 'lahmas’unﬁﬂﬂciuua:mimucﬁ'mtﬁ"ﬁ'luimmummﬁaﬁﬂ'fi’u RF 61102 RF] -RF

12TaoN *fAORF6 X ADRF11 -0 RF 12
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dV/dlog Diameter (cm’/g)
N B

Pore Diameter (A)
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Average diameter | Surface Area | Micropore Volume | Mesopore Volume
Sample
(A) (m?*/g) (em?/g) (em?/g)

Ac 19.8 991.3 0.39 0.10
RF 1 236.0 625.8 0.22 0.41
RF 2 251.8 590.3 0.23 0.24
RF 3 247.6 503.3 0.20 0.22
RF 4 252.1 523.8 0.20 0.22
RF 5 291.1 536.8 0.21 0.29
RF 6 150.0 587.5 0.16 0.87
RF 7 244.2 515.8 0.14 1.50
RF 8 244.7 657.0 0.29 1.73
RF 9 250.4 597.3 0.19 0.99
RF 10 248.8 574.5 0.18 1.26
RF 11 50.6 628.4 0.14 0.65
RF 12 64.8 710.3 0.16 0.81
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G o

Ynauudun Tsfufignaasu (mg/g)

Sample

Tudiazameniay Tudiazawlo Ty Insmiuea

Ac 0.98 1.08
RF 1 3.68 5.11
RF 2 5.75 6.10
RF 3 3.78 4.46
RF 4 4.29 5.29
RF 5 4.07 5.30
RF 6 5.41 5.86
RF 7 7.42 8.04
RF 8 8.27 8.33
RF 9 8.43 8.94
RF 10 8.00 8.25
RF 11 6.30 6.51
RF 12 7.03 7.14
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Sample YSinmnudnualsudigngad (mg/e)
Ac 1.07
RF 1 6.33
RF 2 7.16
RF 3 5.90
RF 4 7.00
RF 5 6.43
RF 6 8.76
RF 7 9.35
RF 8 10.30
RF 9 10.59
RF 10 9.32
RF 11 8.79
RF 12 9.14
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M1 4.4 USinamsnoduwan s nuanaigad

. Friazaildlums | Yimanudualsiiu | Yinawdwalsiiu
AT 5 4 o i "
A0 Ngnaadu (mg/g) NQNAUFY (mg/g)
cyclo hexane 6.67 0.12
n-butyl acetate 7.01 0.13
toluene 6.37 1.58
RF 7 ethanol 7.17 TiiRanisnudy
benzene 6.87 0.30
THF 6.98 0.14
isudamdes 7.08 0.98
cyclo hexane 8.41 Tuifanismod
n-butyl acetate 8.10 Tiimamsmudu
toluene 8.61 1.31
RF 8 ethanol 8.51 TdiRamsnody
benzene 8.78 0.11
THF 8.38 Tiimamimudy
viudamaea 8.36 0.75
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I9ATY Fninazanoitldlums | WSinandunTsiu | YSimamdunlsi
A1 AQNAATY (mg/g) ANy (me/g)
cyclo hexane 9.20 liiRamsmody
n-butyl acetate 9.39 liifansmodu
toluene 9.53 1.03
RE 9 ethanol 9.28 Tiinamsaiosu
benzene 9.72 0.09
THF 9.26 Tdinemsmodu
isudamdes 9.46 0.40
cyclo hexane 6.59 0.10
n-butyl acetate 6.33 0.11
toluene 6.72 1.61
RF 10 ethanol 6.98 Tiifansmosuy
benzene 6.36 0.19
THF 7.00 0.13
g mies 7.12 0.94
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Micromeritics, ASAP 2020, Surface area and porosity analyzer
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as o/ [ a Qs
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Adsorption Desorption
Relative Pressure | Quantity Adsorbed | Relative Pressure | Quantity Adsorbed
(P/Po) (cm?/g) (P/Po) (cm?/g)
0.0058 13.3927 0.9901 19.0089
0.0096 13.9808 0.9594 18.9814
0.0405 15.9167 0.9229 18.8998
0.0793 16.8567 0.8879 18.8416
0.1240 17.3816 0.8403 18.7927
0.1652 17.6450 0.7908 18.7537
0.2078 17.8171 0.7403 18.7223
0.2544 17.9448 0.6457 18.6706
0.3027 18.0416 0.5507 18.6072
0.3519 18.1211 0.4541 18.2851
0.4508 18.2354 0.3494 18.1152
0.5500 18.3204 0.2425 17.9022
0.6002 18.3668 0.1933 17.7501
0.6505 18.4031 0.1228 17.3499
0.7002 18.4431 0.0478 16.1257
0.7406 18.4784
0.7703 18.5070
0.8002 18.5382
0.8405 18.5833
0.8999 18.6728
0.9400 18.7738
0.9773 18.9038
0.9901 19.0089
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Adsorption Desorption
Relative Pressure | Quantity Adsorbed | Relative Pressure | Quantity Adsorbed
(P/Po) (cm’/g) (P/Po) (em’/g)
0.0060 7.2730 0.9840 18.2309
0.0100 7.5095 0.9686 17.6634
0.0441 8.1207 0.9398 15.1442
0.0874 8.4064 0.8977 13.0507
0.1233 8.5709 0.8463 12.0085
0.1628 8.7236 0.7838 11.3045
0.2023 8.8668 0.7284 10.9040
0.2520 9.0301 0.6481 10.4829
0.3022 9.1909 0.5517 10.0949
0.3521 9.3451 0.4519 9.7460
0.4495 9.6476 0.3510 9.4169
0.5503 9.9671 0.2460 9.0701
0.6002 10.1462 0.1932 8.8910
0.6507 10.3391 0.1208 8.6249
0.7002 10.5498 0.0517 8.2592
0.7402 10.7509
0.7705 10.9236
0.8001 11.1259
0.8401 11.4417
0.8967 12.1301
0.9373 13.0809
0.9778 16.2026
0.9840 18.2309
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Adsorption Desorption
Relative Pressure Quantity Adsorbed Relative Pressure Quantity Adsorbed

(P/Po) (cm?/g) (P/Po) (em®/g)
0.0062 8.8891 0.9863 17.1523
0.0105 9.1498 0.9679 16.4759
0.0389 9.7190 0.9420 14.9470
0.0880 10.0576 0.9048 13.5961
0.1237 10.2117 0.8416 12.6219
0.1627 10.3478 0.7780 12.1587
0.2023 10.4668 0.7252 11.9108
0.2514 10.5993 0.6466 11.6458
0.3017 10.7278 0.5514 11.3851
0.3516 10.8489 0.4511 11.1355
0.4503 11.0682 0.3510 10.8809
0.5501 11.2921 0.2453 10.6111
0.6002 11.4159 0.1933 10.4680
0.6503 11.5492 0.1211 10.2319
0.7004 11.6984 0.0510 9.8681
0.7403 11.8373

0.7703 11.9609

0.8005 12.1041

0.8402 12.3246

0.8978 12.8415

0.9383 13.5727

0.9713 15.0838

0.9863 17.1523
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Adsorption Desorption
Relative Pressure | Quantity Adsorbed | Relative Pressure Quantity Adsorbed

(P/Po) (em¥/g) (P/Po) (cm?/g)
0.0062 7.6155 0.9868 15.1417
0.0097 7.7900 0.9677 14.4783
0.0396 8.2799 0.9414 13.0008
0.0887 8.5505 0.9030 11.7745
0.1230 8.6802 0.8449 10.9521
0.1625 8.8014 0.7777 10.4848
0.2018 8.9071 0.7248 10.2559
0.2513 9.0271 0.6471 10.0143
0.3013 9.1426 0.5511 9.7781
0.3516 9.2545 0.4512 9.5531
0.4499 9.4550 0.3508 9.3372
0.5500 9.6577 0.2452 9.1053
0.6000 9.7747 0.1930 8.9839
0.6505 9.9016 0.1209 8.7896
0.7002 10.0372 0.0508 8.4996
0.7401 10.1720

0.7704 10.2920

0.8003 10.4241

0.8401 10.6366

0.8983 11.1204

0.9381 11.8056

0.9718 13.2468

0.9868 15.1417
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Adsorption Desorption

Relative Pressure Quantity Adsorbed | Relative Pressure Quantity Adsorbed
(P/Po) (cm?/g) (P/Po) (em’/g)
0.0063 7.9080 0.9965 15.3832 -
0.0096 8.0849 0.9682 14.8264
0.0393 8.6038 0.9418 13.5046
0.0885 8.8932 0.9050 12.3341
0.1231 9.0310 0.8436 11.4246
0.1626 9.1582 0.7798 10.9665
0.2019 9.2713 0.7269 10.7255
0.2514 9.3970 0.6488 10.4688
0.3017 9.5204 0.5528 10.2170
0.3517 9.6388 0.4525 9.9769
0.4505 9.8524 0.3519 9.7294
0.5506 10.0740 0.2456 9.4782
0.6009 10.2012 0.1940 9.3481
0.6511 10.3331 0.1212 9.1396
0.7010 10.4832 0.0506 8.8254
0.7413 10.6233
0.7714 10.7476
0.8015 10.8911
0.8417 11.1180
0.8995 11.6213
0.9395 12.3435
0.9728 13.8856
0.9965 15.3832




as s o o ar
13149 V-6 ‘lﬂ‘I"]ﬂ'ﬂf]llﬂ'l‘iﬂﬂ”ﬁﬂu'ﬂ&"ﬂ'l'iﬂ'IU"']ﬁJ!lﬂ?l’vluiﬂ'iwu‘UﬂQﬁ?ﬂﬂ"ﬂ'ﬂ RF 5

Adsorption

Desorption

Relative Pressure

Quantity Adsorbed

Relative Pressure | Quantity Adsorbed

(P/Po) (ecm®/g) (P/Po) (cm?/g)
0.0059 8.1130 0.9876 18.0126
0.0108 8.3617 0.9725 16.9316
0.0398 8.8368 0.9379 13.7957
0.0886 9.1250 0.9030 12.5327
0.1230 9.2611 0.8341 11.5480
0.1625 9.3892 0.7762 11.1502
0.2015 9.5010 0.7240 10.9216
0.2513 9.6282 0.6463 10.6706
0.3015 9.7519 0.5506 10.4271
0.3514 9.8684 0.4512 10.1975
0.4499 10.0791 0.3508 9.9629
0.5498 10.2940 0.2467 9.7246

0.5999 10.4178 0.1935 9.5953

0.6501 10.5528 0.1209 9.3905

0.7000 10.7009 0.0504 9.0821

0.7399 10.8462

0.7702 10.9777

0.8000 11.1196

0.8396 11.3611

0.8973 11.9135

0.9372 12.7262

0.9789 15.7403

0.9876 18.0126

56



a3 ¥-7 lolameunisgadunazmsmoduuialuTnsinuvesiigady RF 6

Adsorption Desorption
Relative Pressure | Quantity Adsorbed | Relative Pressure Quantity Adsorbed
(P/Po) (cm¥/g) (P/Po) (cm’/g)
0.0058 6.2011 0.9977 28.7399
0.0097 6.4546 0.9611 28.6156
0.0435 7.1449 0.9234 28.5367
0.0862 7.5003 0.8999 27.7561
0.1216 7.7215 0.8384 18.0059
0.1620 7.9423 0.7907 13.7561
0.2025 8.1482 0.7299 11.9484
0.2521 8.3901 0.6463 10.8313
0.3026 8.6325 0.5460 10.0284
0.3507 8.8663 0.4565 9.4910
0.4488 9.3489 0.3524 8.9395
0.5499 9.8999 0.2462 8.4168
0.6007 10.2350 0.1936 8.1598
0.6509 10.6170 0.1209 7.7814
0.7004 11.0830 0.0514 7.3024
0.7407 11.5660
0.7709 12.0300
0.8006 12.6210
0.8381 13.6980
0.9027 18.2930
0.9421 ' 25.7900
0.9819 28.0600
0.9977 28.7400
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Adsorption Desorption
Relative Pressure | Quantity Adsorbed | Relative Pressure | Quantity Adsorbed

(P/Po) (em*/g) (P/Po) (cm?/g)
0.0061 5.3872 0.9985 45.7019
0.0101 5.6018 0.9674 44.7370
0.0408 6.1859 0.9233 44.5186
0.0887 6.5610 0.9104 33.9852
0.1208 6.7461 0.8453 12.8488
0.1611 6.9469 0.7897 10.8957
0.2016 7.1321 0.7302 10.0142
0.2511 7.3491 0.6347 9.1994
0.3009 7.5619 0.5541 8.7073
0.3510 7.7715 0.4517 8.1859
0.4487 8.1865 0.3511 7.7251
0.5491 8.6468 0.2461 7.2629
0.5991 8.9117 0.1933 7.0290
0.6492 9.2063 0.1204 6.6800
0.6986 9.5431 0.0506 6.2280
0.7388 9.8697

0.7684 10.1713

0.7986 10.5193

0.8373 11.1253

0.8921 12.6508

0.9379 17.6726

0.9985 45.7019

0.0061 5.3872
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Adsorption Desorption
Relative Pressure | Quantity Adsorbed | Relative Pressure | Quantity Adsorbed
(P/Po) (ecm¥/g) (P/Po) (cm?/g)
0.0060 9.0112 0.9959 67.6960
0.0097 9.3245 0.9610 67.6566
0.0427 10.2185 0.9482 64.0049
0.0861 10.6617 0.9003 21.4351
0.1227 10.9279 0.8263 16.8238
0.1624 11.1760 0.7848 15.8448
0.2028 11.4081 0.7319 15.0798
0.2520 11.6803 0.6505 14.2525
0.3026 11.9563 0.5525 13.5112
0.3526 12.2303 0.4521 12.8846
0.4489 12.7583 0.3519 12.2951
0.5499 13.3473 0.2501 11.7226
0.6007 13.6797 0.1935 11.4042
0.6507 14.0393 0.1210 10.9676
0.7005 14.4491 0.0522 10.4080
0.7406 14.8389
0.7706 15.1852
0.8007 15.5838
0.8398 16.2398
0.8942 17.7010
0.9445 21.3559
0.9729 39.7448
0.9959 67.6960
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Adsorption Desorption
Relative Pressure | Quantity Adsorbed | Relative Pressure | Quantity Adsorbed

(P/Po) (cm¥/g) (P/Po) (cm®/g)
0.0061 8.1912 0.9836 41.3038
0.0100 8.4833 0.9675 40.6015
0.0439 9.2797 0.9441 29.6363
0.0872 9.6735 0.9036 19.0133
0.1222 9.9062 0.8408 15.6681
0.1623 10.1374 0.7863 14.4843
0.2023 10.3517 0.7314 13.7536
0.2518 10.6081 0.6501 13.0042
0.3024 10.8652 0.5528 12.3305
0.3523 11.1201 0.4524 11.7388
0.4489 11.6128 0.3513 11.1863
0.5496 12.1651 0.2495 10.6617
0.6003 12.4786 0.1935 10.3717
0.6502 12.8123 0.1209 9.9741
0.6997 13.1907 0.0514 9.4567
0.7399 13.5599

0.7702 13.8742

0.7998 14.2425

0.8391 14.8535

0.8941 16.1872

0.9341 18.1792

0.9735 26.8844

0.9836 41.3038
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Adsorption Desorption
Relative Pressure | Quantity Adsorbed | Relative Pressure | Quantity Adsorbed

(P/Po) (cm/g) (P/Po) (cm*/g)
0.0059 8.1130 0.9876 18.0126
0.0108 8.3617 0.9725 16.9316
0.0398 8.8368 0.9379 13.7957
0.0886 9.1250 0.9030 12.5327
0.1230 9.2611 0.8341 11.5480
0.1625 9.3892 0.7762 11.1502
0.2015 9.5010 0.7240 10.9216
0.2513 9.6282 0.6463 10.6706
0.3015 9.7519 0.5506 10.4271
0.3514 9.8684 0.4512 10.1975
0.4499 10.0791 0.3508 9.9629
0.5498 10.2940 0.2467 9.7246
0.5999 10.4178 0.1935 9.5953
0.6501 10.5528 0.1209 9.3905
0.7000 10.7009 0.0504 9.0821
0.7399 10.8462

0.7702 10.9777

0.8000 11.1196

0.8396 11.3611

0.8973 11.9135

0.9372 12.7262

0.9789 15.7403

0.9876 18.0126
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Adsorption Desorption
Relative Pressure | Quantity Adsorbed | Relative Pressure | Quantity Adsorbed

(P/Po) (em?/g) (P/Po) (em?/g)
0.0059 6.1977 0.9898 20.5861
0.0107 6.5227 0.9583 20.5739
0.0414 7.2343 0.9216 20.5455
0.0842 7.6821 0.8867 20.5115
0.1209 7.9795 0.8397 20.4628
0.1619 8.2752 0.7905 20.3975
0.2024 8.5549 0.7405 20.3128
0.2523 8.8909 0.6494 15.9529
0.3033 9.2444 0.5452 11.6358
0.3536 9.6053 0.4486 10.4465
0.4467 10.3300 0.3475 9.5948
0.5476 11.3339 0.2305 8.7672
0.6003 12.0634 0.1955 8.5307
0.6498 12.9795 0.1212 8.0151
0.6980 14.2381 0.0523 7.4201
0.7381 15.7956

0.7704 17.5087

0.8036 19.3024

0.8569 20.3457

0.9162 20.4693

0.9571 20.5329

0.9763 20.5659

0.9898 20.5861
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Adsorption Desorption
Relative Pressure | Quantity Adsorbed | Relative Pressure | Quantity Adsorbed
(P/Po) (cm?/g) (P/Po) (cm?/g)
0.0059 7.0858 0.9946 25.5489
0.0105 7.4611 0.9588 25.5550
0.0403 8.2692 0.9225 25.5227
0.0829 ~ 8.7680 0.8874 25.4868
0.1214 9.1022 0.8402 25.4394
0.1622 9.4190 0.7915 25.3344
0.2031 9.7207 0.7405 24.3913
0.2530 10.0868 0.6337 15.0957
0.3042 10.4629 0.5450 12.9733
0.3543 10.8531 0.4532 11.8238
0.4474 11.6331 0.3424 10.8180
0.5488 12.6822 0.2514 10.1115
0.6016 13.4141 0.1947 9.6908
0.6513 14.3086 0.1214 9.1342
0.6999 15.5204 0.0523 8.4788
0.7408 16.9773
0.7723 18.5505
0.8028 20.5229
0.8451 23.3844
0.9162 25.3908
0.9570 25.4864
0.9946 25.5489
0.0059 7.0858
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TN Y-14 MINTZVIWAIVIAYDIFHTUYDIAIGATY Ac

IEHUgUIN VeI N Yamasvesgngu
Pore Diameter (A) Pore Volume (cm?/g)
578.1345 0.0018
314.4843 0.0104
210.5016 0.0176
148.4047 0.0250
111.5321 0.0394
88.8075 0.0561
66.6653 0.0753
51.0133 0.1113
40.6557 0.3771
32.6048 0.4755
26.5590 0.5657
23.0395 0.8607
19.7944 1.2021

A3 U-15 MINTTIWAIVUIAVDIFNTUVDIAIGAGY RF 1

iU ugHInaIvRIgHTY Pimasvesgngu
Pore Diameter (A) Pore Volume (cm?/g)
756.3130 0.0757
400.1110 0.3714
235.9750 0.3937
155.6847 0.2529
109.9782 0.2036
85.2493 0.1691
66.2300 0.1557
51.1616 0.1531
40.4567 0.1675
32.6826 0.1856
26.4731 0.2095
22.9295 0.2050
19.7454 0.1999
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AT V-16 MINTLIVAIVUIAVOITWTUVDIAIRAFY RF 2

FUHUGUENE VDI TN Pnasveagngu
Pore Diameter (A) Pore Volume (cm?/g)
744.3430 0.0580
412.5476 0.1989
251.7719 0.2178
153.6240 0.1561
107.0647 0.1081
83.8648 0.0885
65.8012 0.0791
51.0732 0.0841
40.4025 0.0988
32.6664 0.1260
26.4452 0.1391
22.9219 0.1491
19.7594 0.1749

AT V-17 NMITNTZNWAIVUIAYDIZNTUVDIAIQAG RF 3

IHUHUUENE 13RI FN T

Pimasveagngu

Pore Diameter (A) Pore Volume (cm*/g)
740.3243 0.0542
408.7045 0.1909
247.6400 0.1943
155.9717 0.1420
107.4636 0.1033

83.7703 0.0817
65.8448 0.0727
51.0602 0.0744
40.3947 0.0888
32.6584 0.1018
26.4411 0.1163
22.9104 0.1203
19.7459 0.1354
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A3 V-18 MINTLNVAIVUIAVOIFNIUVDIAIRATL RF 4

MR HINE V0 INTY

Yamnasveagngu

Pore Diameter (A) Pore Volume (cm*/g)
684.3365 0.0185
411.7667 0.1683
2521131 0.1908
155.3457 0.1499
108.0671 0.1074

84.4501 0.0866
66.2152 0.0781
51.2841 0.0812
40.5232 0.0960
32.7346 0.1235
26.4728 0.1268
22.9492 0.1328
19.7727 0.1438

AN U-19 MINTENVAIVUIAYDIZWIUVDIAIYAFY RF 5

iU gUENaIveITNTYU

smnasveagngu

Pore Diameter (A) Pore Volume (cm?/g)
865.6525 0.0976
391.1545 0.2980
245.4357 0.2194
147.3580 0.1432
105.2891 0.0976

83.4094 0.0752
65.6687 0.0691
50.9799 0.0704
40.3848 0.0841
32.6583 0.1077
26.4993 0.1149
22.9519 0.1202
19.7521 0.1367
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A3 U-20 MINTLIWAIVUIAVDIFNTUVDIAINAGY RF 6

IFURHGUENAIYRIFNTYU Ymnmsveagngu
Pore Diameter (;\) Pore Volume (cm?/g)
542.9717 0.0041
316.7698 0.0110
228.4876 0.3051
150.0302 2.2783
111.2209 1.8322
86.3850 0.6795
66.0607 0.2936
50.5643 0.1606
40.5740 0.1149
32.8413 0.1177
26.5035 0.1122
22.9471 0.0948
19.7570 0.0815

A1 ¥-21 MINTTNWMVUIAVBIFHUVDIAINAYY RF 7

¢
AUAUEUENAIIVOIFNTY

Pnasvesgngu

Pore Diameter (A) Pore Volume (cm’/g)
636.6493 0.0282
317.0658 0.0214
2441717 6.9354
156.8615 4.1271
111.0999 0.3779
85.2997 0.0509

AN ¥-22 MINTTNWMVUIAVBITHTUVDIAIAATY RF 8

WurUgHINaavBINyM USnasveagniu
Pore Diameter (A) Pore Volume (cm*/g)
559.6130 0.0013
434.9433 0.9886
244 7364 5.3801
140.9622 0.4471
106.6837 0.1095
85.9889 0.0129
32.7285 0.0061
26.6478 0.0418
23.0107 0.0366
19.7562 0.0301
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M13N U-23 MINTTIVAIVUIAYDIFNTUVBIAIGATY RF 9

durugUInaave Iz NIy Pnasvesgnyu
Pore Diameter (A) Pore Volume (cm*/g)
731.7790 0.0753
4254719 1.5627
250.4155 1.5669
152.7027 0.4866
110.0227 0.2479
86.1985 0.1735
66.7091 0.1432
51.3358 0.1358
40.5193 0.1523
32.7038 0.1762
26.6158 0.1774
23.0026 0.1658
19.7534 0.1478

MIN U-24 MINTLVAIVUIAYDIFNUVOIRIGAFY RF10

dusnugugnmIveIgNTYU

Panasvesgnyu

Pore Diameter (A) Pore Volume (cm®/g)
573.5865 0.0008
332.9203 0.0783
248.7853 7.6382
143.3245 1.6107
108.4329 0.3142

87.2892 0.1389
64.0979 0.0498
48.8937 0.0154
40.0131 0.0162
32.7361 0.0343
26.5901 0.0441
22.9869 0.0296
19.7586 0.0125
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MIN V-25 MINTTIWAIVUIAYDIFHTUVOIAIQAN RF 11

EEUgUdnaI B INTY Panasvesgwiu
Pore Diameter (A) Pore Volume (cm¥/g)
561.3690 0.0008
308.7856 0.0044
207.8548 0.0096
1475881 0.0153
111.4032 0.0282
88.8182 0.0479
67.1756 1.9694
50.6152 2.2662
40.0740 0.5430
32.4505 0.3000
25.8104 0.1913
22.7096 0.1160
19.7894 0.0665

AN V-26 MINTLIWAIVUIAVDIFHTUVOIAINAGY RF 12

EMEUGUENE VBN Yimasveszngu
Pore Diameter (A) Pore Volume (¢cm?/g)
312.1595 0.0051
209.2340 0.0100
148.1592 0.0147
111.8860 0.0463
88.9333 0.5452
64.8246 36774
49.9766 1.0443
40.3382 0.4506
32.2967 0.2607
26.5427 0.1593
23.0682 0.0929
19.7836 0.0270
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MARNUHIN A

- a s ) - :’ a ¢ o AA v ¥
AN A-1 ']Jiﬂ'lmﬂ'l'iﬁﬂ"]ﬁJI.‘Uﬁ'lltﬂT57]1]111'Ll13Ju1J'Iﬁllﬂﬂ‘m‘i]ﬂﬂ’]ﬂﬂ')ﬂlﬂm“l‘ul‘llll'llu

Fovaz 50 Moan 24 ¥ 114

y 9 v ¥y 9 ¥
anududund | anududuwim | . -
o i P YsnanudunTsnu
Sample ualsmusudu ngnaady L y
nNYAYLY (mg/g)
(ppm) (ppm)
Ac 251.90 20.02 0.98
RF 1 251.90 74.22 3.68
RF 2 258.25 117.19 5.75
RF 3 277.48 76.34 3.78
RF 4 277.48 87.38 4.29
RF 5 277.48 82.86 4.07
RF 6 251.90 110.22 5.41
RF 7 251.90 150.05 7.42
RF 8 277.48 168.53 8.27
RF 9 277.48 172.78 8.43
RF 10 277.48 161.40 8.00
RF 11 251.90 127.39 6.30
RF 12 251.90 143.34 7.03




" = ar a’ o ¢ a i
mnad a2 Usinamsgadudunlsiuhnihiunhduaundondielo laInswiea

Wududovay 50 e 24 ¥ e

¥ 9 ' y Vv
anududuMm | anuntwuMm | ) .
5 A y Ysmanuaunlsnu
Sample nalsnusuau ngnaAFy r 2
NYNAAYY (mg/g)
(ppm) (ppm)
Ac 213.69 17.18 1.08
RF 1 223.69 98.54 3.11
RF 2 213.69 109.43 6.10
RF 3 223.69 84.96 4.46
RF 4 213.69 102.56 5.29
RF 5 223.69 102.09 5.30
RF 6 223.69 112.31 5.86
RF 7 213.69 129.86 8.04
RF 8 213.69 154.72 8.33
RF 9 213.69 173.09 8.94
RF 10 223.69 137.42 8.25
RF 11 223.69 125.56 6.51
RF 12 213.69 128.36 7.14
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" Iy w & o ¢ o o
M319i a3 UTInamsgaduudmn Isiulnisiuhduduidensdasle s Inswuea

Wududesaz 50 firar 72 92 1ug

¥y ¥ ¥ I ¥
ANMANILAT | anududund | s
e " Ysnanudunlsiy
Sample unTsiiusudu ngnady 4 i
nYNAATY (%)
(ppm) (ppm)
Ac 213.70 20.87 1.07
RF 1 231.26 121.59 6.33
RF 2 231.26 136.48 7.16
RF 3 231.26 112.94 5.90
RF 4 231.26 134.95 7.00
RF 5 231.26 124.09 6.43
RF 6 231.26 168.36 8.76
RF 7 231.26 180.20 9.35
RF 8 231.26 196.47 10.30
RF 9 231.26 204.42 10.59
RF 10 231.26 180.82 9.32
RF 11 231.26 170.14 8.79
RF 12 231.26 176.96 9.14
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MARUIN 3

Y ar 3 = :’ o AT W 5
wamsanya lumsihgauganisgadundualsinhnhinhavavitesdile

T Twsniueas ovaz 50

a319# o1 Yoyanmanssmamnadigaugansgaduiudnn lsiudloiigady Ac

e | anudududunlsiu | anududuwdmalsnu
(hr) 3ud (Co) (ppm) fimde (Co (ppm) e
0 214.77 214.77 1.00
1 214.77 210.25 0.98
5 214.77 203.29 0.95
10 214.77 202.54 0.94
24 214.77 199.65 0.93
52 214.77 198.81 0.93
72 214.77 197.49 0.92

a131af 32 Toyaminaassmamnaniigaugansqadudun lshiudodgady RF 7

a1 | snudududualsiy | anududundunlsiu
2 v d Cv/Co
(hr) 15uAU (C,) (ppm) nvao (Cy) (ppm)
0 214.77 214.77 1.00
1 214.77 143.91 0.67
5 214.77 126.40 0.59
10 214.77 116.48 0.54
24 214.77 92.91 0.43
52 214.77 67.79 0.32
72 214.77 65.62 0.31
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msei 93 doyamanaassmsminandhgaugamsgadudiun Isiiudaodigad RF 8

3 g k3 = Y 9 YV =
na | anudududualsiu | anududuann lsny
3 9 4 a C/Co
(hr) 134AU (Co) (ppm) Mwae (Cy (ppm)
0 214.77 214.77 1
1 214.77 140.32 0.65
5 214.77 114.68 0.53
10 214.77 94.24 0.44
24 214.77 73.82 0.34
52 214.77 58.69 0.27
72 214.77 54.03 0.25

maah -4 Joyamanaasansnnandigaugamsgaduidun Isiiudlodigad RF 9

3 g 9y = Y g k) =1
nan | anududuwdwalsiu | anududuwdunlsnu
i d oa C/C,
(hr) 13UAY (C,) (ppm) nvao (Cy) (ppm)
0 214.77 214.77 1
1 214.77 135.48 0.63
5 214.77 119.25 0.56
10 214.77 103.75 0.48
24 214.77 63.66 0.30
52 214.77 39.68 0.18
72 214.77 38.11 0.18
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Adsorption of B- carotene in crude palm oil using

mesoporous carbon adsorbents

- e o =) o o ar o -
aam Y3sny nsoedng Insdamned  Wsznew Aelwe

MAImNIsmAll auzimnssumand aonfumaTuTaiwszeomndudgummsaianszifas manssla 10520

L7 ]
unnage
» ¥ ¥
miadeiidunAimnsgeduudunlsiulniinhdudy Taugsvininhnhaududududesas 50 Usum
2 niu lidgadumivouiuiiud (Ac) unzdagadui Tawesnn19uou ( RF 1 RF 2 uas RF 3 ) 0.05 T gATUN
QU] 40 psruraiFoe s seulumsivg 180 seusoud dunan 1, 2, 3, 4, 8, 12 uay 24 $2Tus 1NM5
nAaIIgRFuR T UURIING Ac ihgmunamsgaduilonairingl 4 ¥ Tua luvariidgadum Tane o
o o o v " o L o oo
mivounndIfaarunsogadudunlsiude 1 188nusinnwnly 24 $9Tus natlilesnnarsveuiusiug §
" ' « S ¥ (] a o [ o - :
vungnud gt b TnswesuaziivSinasgngurien dudgadu laneianisveudvinagnguiuialy
. .
Taswosiaziu Tawes saufal5uinsgngumn i annsogaduudun 5185 menn nsdinundaiis
wuiiigadum lanesiamiveuyndrmusogadudunls fiuldmnniwigadunsveusuiug Tnvdagn

F1 RF 3 gadu 1dgagaiiiu 6.81 Haansuudnlsfiudensudagady
°o_ o W [ 4 o o o o @ ] : o o
My : wilsweiamiven, msveuduiud, waua Tsiu, dniuhdudu

Abstract

This research concentreted on a study of adsorption of B-carotene in crude palm oil (CPO) using
mesoporous carbon (RF 1, RF 2 and RF 3) and activated carbon (Ac) adsorbents. 0.05 g of adsorbent was
added into CPO is diluted with the same amount of hexane solvent to determine the adsorbate
concentration at 40° C, shaker speed of 180 rpm for 1, 2, 3, 4, 8, 12 and 24 hours. It was found that
adsorption equilibrium of Ac was reached within 4 hour. While all mesoporous carbon adsorbent could
still adsorb B-carotene even after 24 hours. Most of the pore size in Ac was micropore and pore volume
was small, while most of the pore size in mesoporous carbon adsorbent was micropore, mesopore and
pore volume was large . B- carotenes could be adsorbed by mesoporous carbon adsorbent more than Ac

adsorbent, [3- carotenes adsorption on the RF 3 was 6.81 mg [3- carotenes /g adsorbent.

Keywords : Mesoporous carbon, Activated carbon, -carotene, Crude palm oil
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2. I5MINANN
2.1 psdunsimlanesanisven
v
1 3¥esFuea (R) 111 (W) TanRounsueiia(c)
nazWeian lad (F) wiwaw luviaudvuin 100 Hadans
as ' [ - v 1 Y Y w n’r’ .
Amsas AN 1 ndnva idhduemivilaee
THudsdadhuaaigungi 25 serrmBoe udnirliiy
Nguugil 25 ssrusaFoa | Tu 50 serusaTu 1 Tu
v " ¥
UaL00 peruaAdyd 3 Su vwean lduiuihduang
' » Ll
uduanilasududvinazaioiiamiuea 6 aie Aiay
» I
1 Su andwinean 14 Tudmwnszuaumai Wity
quamamiunar 1 Juudnirldwngumgi 1,000
pamuradoauIn 4 ¥ 1ue meldussonisves
TuTasiounsnsims na 200 gnureiisudnns aeui
- ¢ o o
2 1A Tewesans veueanu MMmiuAavialam 1
nosan1suou lAun1ARZINTITOU (sieve tray) YUIA 12
¥

1120  mesh nowtin 1y 1dgaduiudwn Tsviuluiniy

1havdy

M3 1 sasravvesesaiin e lunsdans i T

nwosamsveu
A1 R/ F R /C R/W
RF (mol/mol) (mol/mol) (mol/cm’)
RF 1 0.5 500 0.5
RF 2 0.5 200 0.5
RF 3 0.5 200 0.25

2.2 SEnsgadudunlsimdnisinhdududed
ATy
dninuhdudunidenadaseniasu Taod
aududuvenithahdudenas so Famsazaoiniu
Thauieion131dasluvaudanina s faddas Ysuw
2n3udman 7 1n uazdamfueuduiud Ac USuw
0.05 N3 Auasluvaiisaiuiuly Taenednuun
d20lulasiau nazdladrodivaatleadunisifia

»
pondAtu 1w waadedis i ividedasusa 180
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FoUADMIN NQunQll 40  BIRUTATUA 1NVYIA
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fptesnvnivEIIIA 1, 2, 3, 4, 8, 12
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uaz 24 ¥ lwamwddy uenmsazainiiiuhay
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2ONIINATTUBUANITUA
o s - o ¥ '
wmsnaaesduniiouiing 12 ldhedu ug
= = o ar 4 w o
nldouriinvesdigaduainaiueusuiug Ac 1

wlgnesSamiveu RF1, RF 2 uas RF3

23 mamazimlinanumealshiulag

1¥in3eq HPLC

yhansazamninhdui 1dundinszimmiSe
waunalsfundannnisgady Taoldiades HPLC
TAON3 IS NABINITIATIZIAIM Syring filters D
vavesgiicsin 1dini 0.45 Ty Taswns nazh
msiininsewdalBing 1z Taoldinios HPLC
Tnu'l%'q'dn'sﬁ'fl.msﬁm’az'lumi’uﬂﬂxﬁ'ﬁ'uf:
Apdl : ODS-2-HYPERSIL
19393m3297A : UV-Visible A7MmE12ARU 450 nm
MSAINT : LUNTUBA : 1BNIYY 85 : 15 VIV
$a351013 Inavesaisdawi: 1 dadaasAeuli

Wumesn 14 lunsdinsies : 20 lulnsans

2.4 M3INZHEDVAZMINBNINVOIIGATY

o4

MINTAATIARUNR VNAFNTU NMIINTZNOM

Y9N3 uav3Us 19093 uA 033 Brunaver-
Emmett-Teller (BET) Tmﬂ%’m?miu Micromeritics,

ASAP 2020, Surface area and porosity analyzer

3. wamsnaasaazensenanInanes
3.1 mansdanszlaneSamsven
HAMS AT AT VIAFHTU M3NTEI0M
¥BagWgU HargUs1avesgnudiu BET vesdagadu
MueuMITUA Ac InsAansA uazdagadum Tawes
$amFueU RF 1, RF 2 1z RF 3 LOAINDAIAII 197 2

7 1 uazgiii 2

¥
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- o A cj. a S
M2 WANITAATIEUWUNHADEVUIAFNTU 1ae3%
BET
Surface | Mesopore Micropore
Diameter
Sample . Area Volume Volume
(A)
(m?/g) (cm¥g) (cm¥/g)
Ac 19 877 0.10 0.40
RF 1 150 587 0.87 0.16
RF 2 51 628 0.65 0.14
RF 3 65 710 0.81 0.16

8

N
(]

3

o

Quantity Adsorbed (mmolig)
3

{4 Ac —A—RF | —4-RF 28 RF 3]

03 04

05 06

Relative Pressure, PIP,

07 0.8 09 1

q1lii 1 TeTmmesuuesmisgadunazmsmedu lulasiou

= - [ o & o
n 77 10U ﬂﬂﬂlni’lﬁﬂﬂiﬁﬂ'l'iUU'I-lTlﬁQlﬂTW'l’ﬂﬁ

Pore Volume lem; )
w » w

05

200 300
Pore Diameter (A)

[%-Ac ——RF 1 ——RF2 —RF3

400

500 600 700

3141 2 m3nszaedve udurguinagwuve Iy

wosamsuauNFAATIET 14



INAT3 IR 2 NuEIgadUAIT veufTuR Ac Tidu
Fuguinaegniutieondi 20 daaasou Aeiigniu
vue'lyInswed (Micropore) dav lawesaniiveu
%43 & @0 RF 1, RF 2182 RF 3 Hifudmguinats
2“11!9{3119‘; 20-500 Saamson vueignguvuIAm Y
W03 (Mesopore) w Tamosamivena 3 aflvuing
wiuiuanA A Iz RAvesgn uve I Tanesa
A veuawisanugy 1ddrons 19dasduves
ashaduAiu
angilit 1 wudleTmmesuveaw Tyneisa
AsBNR 3 FThiLLY Type 4 ATISTUY TUPAC 39
:‘iwmzw;mfauuu'lulﬂswas'uazmhms' nngy
WU RF 1 TS Tanesiniiqe sesaanfe
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