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ABSTRACT

This project is to study about the HPNA removal by commercial carbon adsorbents and
mesoporous carbons synthesized from resorcinol and formaldehyde. HPNA is adsorbed by carbon
adsorbents by the batch tests: 1 Adsorption performance and 2 Adsorption capacity. The carbon
adsorbents are characterized by nitrogen adsorption apparatus and HPNA is analyzed by X-ray
fluorescence at 510 nm of wavelength. In section 1,the results show that RF4 possessing the highest
mesopore volume and large pore size diameter can remove HPNA in oil from hydrocracking unit around
77 % and is higher than AC1 which is the commercial carbon adsorbents around 6.2 times. In section 2,

adsorption capacity of RF4 is higher than AC1 around 2.9 times.
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13. Lﬂ?ﬂﬁig] adua lulasion (Micromeritics, ASAP 2020, Surface area and porosity analyzer)

3.2 maniinaz Tagnly
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Pholoelecimn
AE:E—E0
e

Incoming
radiation from
E x-ray tube or
radioisotope:

T

£ @ 1 o Yo
judumsftegilnanasenlugangaeen [15]

[

g1 a1 $ediends

v ¥ T 4 v
fiannziiozaouez litados ezasuaznduganeiadesiulasnsndeussaundeay
ad 1 1 @ 1 A =) [ [y aa ~

YDIDIANATOUNUIAMNILUNUNTDI1989n817 T lum sl RousLAUNGIIUVDIBIaNATOUIZTMS

1 Y= ¢ = =% s A 2 o"dy
YanilavessfiondyAvgil (Secondary X-ray photon) Autaaslugii n-2 wag n-3 deulsingniselil
Pl ) 4 [ ) d A ad 1 ~
Sond1+ vigoarsdus » (Fluorescence) WANIWYBITIFOnGAsgintanlassesnuaziian

1 @ 4 [Y ) [y [ a ad
Lmﬂmﬂﬂuﬁuﬂum‘lmmﬂmwmizwwawmwué’ummamﬂmau
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o XoTRY
AE=E1 ‘E0=K‘1

or

= o

3 U [ o { @ [ ad
3 n2 misilantdesisdondyAegilumsulasusssundenuuosdianasoul [15)

UG

= =Y

4 1 @ L4 { o [ ad
U -3 misilanildesSsdondyAegllunmsfsuszdundenuvesdianasou [15)

w 4

sa a d? (R R [ @ . .
5<1meﬂcn‘wgamiﬁmummﬂﬂmngﬂmmu collimator 1ugﬂsaﬁmu1u"lﬂm Diffracting
A 3 4 =3 A T ' d aa d 3 9
crystal SHAUATTSYSHINITNINIZUIUNAN (d) NUUUDU 1FU AIDNY ﬁ'WIEJ?J-ﬂQ?J’P)"liﬂ \lllﬂ'l Wuau
. . o o A & A dy 1 4 o w A -4
Tag Diffracting crystal %zmiﬁ’samanmnﬂm'5mmmum’;’wqm%’mmammam@nm (X-ray detector)
Tavnf Diffracting crystal 92y 8 AUSTUIVTITVUINGIN collimator LAZIIYY 20 ALATES

asdadanaaslugy n-4



37

Electronic
readowt-and

| computer

-} cortrol system

X-ray detector .

Heray'tube

Collimator

- Primary,
oedelting Xerays
= 26 angle

0

Analysis o
Cosample

Sei:éi‘idary‘ fluorecend
characteristic X-rays

71 n4 dauilszaeundnveunseuenmisdvigoassaand [15]

° 3 4 [ o o @ U o
mimmmmmmmﬂnﬂﬁu (Wavelength) Nﬂﬂiﬂﬁlﬂﬂ“ﬁﬂg@ﬂ!iﬁl“ﬁu“ﬁ INFAITAIDYNI IS

9! 1 o = v A Ao ¥ dw Y
vlﬂiﬂﬂllﬂuﬂ'ﬂuﬁllﬂ'li Bragg's law AUN1IN (2) mmmen:mauwmmm"lmxmmmwaﬂ"lﬂm

v A o -4 ar 1 9 9 = = e’; =) 1
5\‘]ﬂL’E’]ﬂ%V‘IQﬂ@Liﬁ!“]fl!“lf‘llﬁlﬁﬁ'liﬂ']’i)ﬂ'l\?ﬂ5$ﬂﬂ‘1Jﬂ'JEJ‘ﬁ']§-lslﬂ‘U'I\3 NAUADTITAUATISHU LTUNI

Wavelength dispersive XRF

2dsin@ =nl 2
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NMANUIN Y
a J A J 4
Nnmmnaeams‘amnszimmm1ﬁ'3mmmmnmuﬂﬂgemsﬂwuw

fianuennau 510 s

MINA ¥-1 wansnaaosnilseaninmuesmagaduvesmIsgadusinnIe

de o 13na HPNA ﬁmﬁaeq’lmﬁﬁ’u (ng/ em")
NAMMNNUATINIBE N - - 7
YinvesmIgATUAIIue
RF1 RF2 RF3 RF4 AC1

0 #2Tue" 64 64 64 64 64
1 $2Tue 56 57 57 - 55
2 42 Tug . - - - 55
4 $2Tuq 55 53 55 - 47
8 #Tu 4 . Q - 51
12 $2Tug 49 46 45 - 3
16 21w 3 ] ! > 52
24 #2Tus 42 38 43 19 56
48 $2T4 32 38 33 15 -
72 $2 T 32 35 30 - -
96 2 Tus 29 32 28 . -

E
nuteme 1501 HPNA Tuihdunsumsgasulinuiing 64 pg/ cm’



maadl ¥-2 wanimeassminuylumsgaduvesasgatusinie

Panamnududuves HPNA ﬁmﬁaeg’luﬁﬁu (ng/ em’)
naiifumsieds viiavesmigadumiveu
AC1 RF4

0 U 64 64
13U 58 29
27U 58 45
39U 57 48
47 56 56
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- AMARUIN .

mInarevaulAvesmsgadulasIzngadunialulnsiou [16]

HUUS1209989 (Brunauer-Emmett-Teller Method, BET method)

A

9 [Y = [ o <4 . & [
dmSuuRangaduuuAIve LY Multi-molecular layer 4339nfiulu¥ovos BET azld

o’ a

H :4 [
wanmsgaduitalulnswuiyaienlnd guugiilszanm 77.5 wadu TaonsdifiTagiinniaeedl

&uf

L]

'
o v

<3 = o L o T 9 @ A [y @
WyUIAn Ao 10-100  d9dnson Fan 1w lulasauszilaseldgadunszduniududiee a1 1
= 3 o N 'S =y [ ~ @ A @
UsseMe audaranzanga udhnmsimszimdsnasveste Tulaswuigngaduly fanudu
#1199 BET isotherm 43uuyuvesauns fe
P 1 c-YP
N\ /4

= 3
V(B =P)~Wc "V ®

m

v
= o =

sanasvesie N, Ngaduuuiazugy (cm)

é
v £ 4

o USiasvesmes N, Neadunumgnuun Tuenaduden

Tas Vv

D Dp
(o]

(Monomolecule layer) ﬂﬂﬂquﬁaﬁ'sg Wil (cms)
P fo anuauneazleq (mmig)
P. AB ANUAU BN NUAUDUNT (Vapor or saturated vapor) (mmHg)

¢ finmsuwwdmiumsgaduvesniauaazyiia

A - ~ l‘l £ v w {1 LY o 111 £ @
mm‘llﬂuﬂiM%mﬁumi‘ﬂ 3) W PANUTUAUTIUUTUATY V,; ¢ AMUIUNT AMNIANALLGS

Y 1 { o o 3 {a [V -
anuFudunse a1 v_ Aldshuiiouduiufiagngu S (m) Asauns 4

a q

v.,N
S=—rn A, )
22400
2 dy Aa 2
Jag S AB WUNARIZNIY (m)
N,y fm  Avogado Number (6.02 x 10” molecules mol )

-4 ]

=) A A 1 =4 2 -1
a fo Wunderue luanNan1ss (cm’ molecule”)
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Ya

ualunsdingnguvnalng 921935 5auuy  Porosimeter Tnaldndannissailsendrldlug
o - - @ 1 <3 o =
wid 1ndSuasvesdseniidn lunuigngy a arwduais Arzduiumdinnsmsnszaeg
9 1 o’ 9 o 3 A P U @ aa @ . a3 -
wiumudurugunarsgniuld auiuiiel9350suuy BET 5935 IauUY Porosimeter f1vg
o 3 3 v 4 o &
AINTANIMINTENBUTIIATINGY AAFUHINEUIN19UIIA 10-10° S9aAT0N FIMINTLIIBUBI]

b4
o ~ [ ] o v [ <
wyuiiu enndimsnsznedaluinasisvessaligngu nienaeradeligniunla

3‘1]‘71 A-1 1A599 @,Wffmlﬁﬁ Tulasu (Micromeritics, ASAP 2020, Surface area and porosity analyzer)

[17]



HARUIN 3.
a d oy [ acy [ 4
NﬂﬂTS‘Jlﬁﬂz'ﬁﬁﬂﬂﬂ‘UB»iﬂ"liﬂﬂ‘!ﬂiﬂﬂ?ﬁﬂﬁﬂﬂ‘!ﬂllﬂﬁ1ﬂiﬂﬂﬂu
fenves Micromeritics, ASAP 2020, Surface area and porosity analyzer

1.1 m‘sn‘szmaé’fwmﬂwagwgu (Pore size distribution)

= o
MINN -1 KANIINTTTWAIVUIAVDIZWIUUDI RF1

EuRHgUIna19YB g Bnnsveagngy
Pore Diameter () dV/dlog(D) (cm*/g)

312.15 0.0050

209.23 0.0099

148,15 0.0147

111.88 0.0462

88.93 0.5451

64.82 3.6773

49.97 1.0442

40.33 0.4505

32.29 0.2606

26.54 0.1593

23.06 0.0928

19.78 0.0269
4 -
3.5 -
’@ 3 -
g 25 -
S~ 2 -

%
& 15 -
> 1
T 05 -
0 - % % —% :
0 50 100 150 200 250 300 3

Pore Diameter (A)

X o Qs 4
3UM 1 msnszaredvinagnuvey Tswesanisuou RF1



- o
MINN -2 HANITNTSIYAIVUIAVDIFWIUUBI RF2

uriguinaavesgNgy Wnasvesgngu
Pore Diameter (A) dV/dleg(D) (cm*/g)
756.31 0.0757
400.11 0.3713
235.97 0.3937
155.68 0.2528
109.97 0.2035
85.24 0.1691
66.23 0.1556
51.16 0.1530
40.45 0.1674
32.68 0.1856
26.47 0.2095
22.92 0.2049
19.74 0.1999

0.45
0.4

g‘ 0.35
iﬁ, 0.3
% 0.25
5 02
2 o015
0.1
0.05

0

0 100 200 300

400

H

500 600 700 800

Pore Diameter ()

. H o @ o
i ¢2 msnszaedvinagnguveay lenesanisuou RF2
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VI'ITN“V!I 33 wamsmzmaﬁwmﬂmmg‘wguﬂum RF3

uruguinaleveIgNyY WBnasveszngu
Pore Diameter (3) dV/dleg(D) (cm®/g)
561.36 0.0008
308.78 0.0044
207.85 0.0095
147.58 0.0152
111.40 0.0281
88.81 0.0479
67.17 1.9694
50.61 2.2661
40.07 0.5430
3245 0.2999
25.81 0.1913
22.70 0.1160
19.78 0.0664
2.5%
E 15 -
%
5 1-
=
0.5 -
0 s : -
0 50 100 150 200 250

Pore Diameter (1)

4 @ a 4
3N 3 msnsznedrvinagwuveun leneSamsuey RF3

300
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M0 94 WAN1INTTIAIVUIAVBIFWIUUDI RF4

R gUEnIIYR N Pnasvesgngu
Pore Diameter () dVv/dleg(D) (cm?/g)

636.64 0.0282

317.06 0.0214

244.17 6.9353

156.86 4.1270

111.09 0.3779

85.29 0.0509

dV/dlog(D) (cm*/g)
Py

.
v

i

0 50 100 150 200 250 300 350 400 450 500 550 600

Pore Diameter (A)

1 o as s
5N 94 manszaredvnagnguveam lanesamsuou RF4

650
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MIN 95 WaN15NITIAIVUIAYBIFWIUVBI AC]

uruguinaa VeI Pinasvesgnu
Pore Diameter () dV/dlog(D) (cm*/g)
578.13 0.0017
314.48 0.0104
210.50 0.0175
148.40 0.0250
111.53 0.0393
88.80 0.0560
66.66 0.0752
51.01 0.1113
40.65 0.3770
32.60 0.4755
26.55 0.5656
23.03 0.8607
19.79 1.2020

g
£
;

-
N
1.
&

=y
A

o
o0
i

o
o

dV/dlog(D) (cm*/g)

o
=
i

@
N
}

Y

0 50 100 150 200. 250 3OQ 350 400
Pore Diameter (A)

31N 95 MsnszeIdIvRIATHIUYEY ACT

450

500

46





