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Project Development of mesoporous carbon adsorbents for Adsorption of poly nuclear aromatics
(PNA)

Researhers Asst. Dr. Kriangsak Kraiwattanawong
Granted by Revénue from Faculty of Engineering in Fiscal 2009 at 100,000 Baht
Researched for 1 year from Octoeber 2008 to September 2009

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 RF5 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,

the results show the adsorption capacity of RFS5 is higher than AC1 around 2.9 times.
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9 T r d' v d' d' o 9/ dy Y
T8 Tasunusluauns Bragg's law @saunsf ) s nueniuidan iz annsaguenidn
Y-~ 4 Cs ar 1 9 9 =y a o’dy = J
iﬁﬁlﬂﬂWﬂQﬂ@[iﬁl“ﬁu“ﬂﬂlﬂﬂﬁ’]iﬂ'J'E]EJ‘N‘]J'i%ﬂ?JUﬂ'JUﬁWﬂGlﬂU'N MNAUANTITAUATIZUU (TN

Wavelength dispersive XRF

2dsing =ni )
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MARNUIN Y

a ¢ 1a v A4 g ¢ ¢ ¢
Wﬁﬂ]iﬂﬂﬁ@dfﬂi%tﬂ‘Z]Zﬁﬂiﬁ]ﬂlﬁﬁﬂ msﬂsaqmnmmsawgamimmum

ﬁﬂ?]ﬂﬂ]?ﬂﬁu 510 w1lumin g

M319f -1 wamsnanesnIlssininmveimsgaduvssasgaduriiacie

4. oo /311 HPNA ﬁmﬁagﬂmﬁm’u (ng/ cm’)
HANINUaNIAI98149 - o p
‘lf‘t!ﬂ‘llf)ﬂﬂ]i@ﬂ‘lfﬂﬂ]i‘ﬂi’]u
RF1 RF2 RF3 RFS “AC1
02 Tus" 64 64 64 64 64
1 42T 56 57 57 - 55
2 42704 - - ¢ - 55
4 42Tu 55 53 55 - 47
8 #2114 4 - . A 51
12 4 1a 49 46 45 - -
16 %1134 . Y F > 52
24 21w 42 38 43 19 56
| 48 2w 32 38 33 5 -
72 #2Tue 32 35 30 - -
96 42 Tuss 29 32 28 4 .

Ed
winome Y3wnar HPNA Tuhifuneunisgaduiinmify 64 pg/ cm’
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maniv2 wamsnanesmanuylumsgaduvesasgaduriianieg

Yhnamonududines HPNA fimdeeglininiu (ug om’)
nafufuansisede yHAveIMsgAFUAITUaY
ACt RFS

0 U 64 64
174 58 29
23 58 45
39U 57 48
43y 56 56
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MAWRUIN .

QA o as( s [+
msmaanmmWumm‘i@mmiﬂmaimsgammma‘luimmu [16]

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

Re

ee

0 o $ as a o . § @ as
dmfuufafgaduuuAave i wuy Multi-molecular layer #e3dnfiuluioues BET 0zl

Y

14 1
A A o o =t

wannsgaduie lulnsnuiigadentlnd gumaglidszua 77.5 maiu Tasnsdliiingfitianiaeed

€e

aen

< A a 4 o ' Y @ a Qs 1 ° 1
WiUIAA A8 10-100  Beaasey Femw lulasuazldesldgaduiiszduniududisg drad 1
= Y o a o a 14 = Y > @
UTTNMA AUDIEA I AN udIhimsnsinlSinasvesiia luTasnuiigngadlu Aanudu

#1199 BET isotherm Tgiluvyvesauns fie

2> NI +(c—1)P )
V(R =P) V,c V,ch

m

Tag o USuasveeia N, AgaduuufIgngy (em’)

a

[ E4
2 1Sumsuesie N, igaduuuAgnguuuy Tuanadu@en

£ Q

D) p

(Monomolecule layer) 1/nAguIHIFNIU (cm’)
P o anvauianizleq (mmHg)
P. A9 AUAY lovSeRuANINE? (Vapor or saturated vapor) (mmHg)

¢ f miuwegdmiumseaduveimaudazyia

4 { v o Jd o Qs
@ewsunvunaunish 6) s ldnnuduiuiidudunse v, ¢ siuamiidangadaunas

Y 9/ ] S Yo = o] dil da 2, & P
anmduduase i v A ldinndeudiuiufiiaguu s (m’) eaumsii 4

a q

= I/mNAV

= 4
22400 )

b [
Tag s fe WudHIgWIY (m)
Av Avogado Number (6.02 x 10” molecules mol_l)

9 [

f1
& Ay ' o 2 : -1
Ao WHVIGI?)WN’JEJIMLﬁQﬁﬂWK {cm” molecule )
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yad o

ualunsaingnuvinalvg w1935 3auuy  Porosimeter lagldndnnissailsendhlilug
a oy P [ < o a
wiy nndimasvesdsenid ldunufigngy o anuduaie Avzdamdinasnsnszneg
9 1 o Y o u‘: P Ya [ v ad v . <4
wiuamduriuguonagnguld duiudie1935msuuy BET 59uiu35n15 AU Porosimeter fvg
a q’: 1 [ 4 v £
MINIIMINMINIENEUTINATIHIY AaAdurRIugNENa19vINA 10-10° 63aAT0Y HININTTI0UDG

o = Y ' o A ] o o~ gy v
WIHUY mwmsﬂszmum‘luuwamsﬁugw;u 1o HﬁWU%?QiﬁUEWE‘Hﬂqﬂ

31.]?! f-1 m%’m@,ﬂcﬁ'uuﬁ'a TuTasiau (Micromeritics, ASAP 2020, Surface area and porosity analyzer)

(17]
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AANUIN .
a < wa o a U 4
Naﬂﬁ?!ﬂi'lz‘l’i’du‘ﬂﬂ‘llﬂ\‘1ﬂ']i@,ﬂmﬂiﬂﬁnﬁﬂﬁ(ﬂﬂm‘ljuﬂtﬂuiﬂ’im‘u

Aen304 Micromeritics, ASAP 2020, Surface area and porosity analyzer
4.1 miﬂizmﬂﬁwmmmgwgu (Pore size distribution)

A15197 9-1 HANITNTZVIBAIVUIAYDIFWIUVBL RF1

@uehuguednaiaveagngy Snasvegngu
Pore Diameter (&) Pore Volume (cm?/g)
312.1595 0.005078
209.2340 0.009962
148.1592 0.014741
111.8860 0.046254
88.9333 0.545199
64.8246 3.677397
49.9765 1.044291
40.3382 0.450578
32.2967 0.260656
26.5427 0.159329
23.0682 0.092887
19.7835 0.026982
4 -
3.5 -
o 3
&
T 25 -
s .
°
2 15 -
= 05
&
O ¥ H % ; H $ H H ‘A’ i
0 50 100 150 200 250 300 350

Pore Diameter (A)

5 ol o
gﬂﬁ -1 ﬂ'liﬂiﬁ]'lﬂﬁ')“lluWﬂgW‘iQu“lJ@ﬂﬂﬁU’E]u"TfI'iL%ﬁ RF1
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MINA 42 HANINIZIWAIVUIAYDIFWIUVOI RF2

furugUaNa 1B IgWEY Ussnnsvesgugu
Pore Diameter (A) Pore Volume (cm?/g)

756.3130 0.075708

400.1110 0.371354

235.9750 0.393703

155.6847 0.252884

109.9782 0.203577

85.2492 0.169100

66.2300 0.155684

51.1616 0.153084

40.4567 0.167480

32.6826 0.185625

26.4731 0.209507

22.9294 0.204997

19.7453 0.199945
0.45 -
0.4 -
‘fb\; 0.35 -
T 03 -
i 0.25 -
% 015 -
£ 01-
0.05 -

0] 100 200 300 400 500 600 700

Pore Dianieter (1)

% Y o
il 92 MsnszawdvInAgH UYeIn1TUOUT I5a RF2
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M3N9H 43 HAN13NTZIWAIVUIAYBIFNTUVDA RFI

uruguanaIaUe I YFmnnsvesgugu
Pore Diameter (A) Pore Volume (cm?/g)

561.3690 0.000804

308.7856 0.004414

207.8548 0.009572

147.5881 0.015251

111.4032 0.028180

88.8181 0.047946

67.1755 1.969400

50.6152 2.266175

40.0740 0.543021

32.4505 0.299952

25.8104 0.191346

22.7095 0.116003

19.7894 0.066477
25 -
® 2
; 15 -
s
£ 05 -

0+ : 4 o : :
0 50 100 150 200 250 300

Pore Diameter (3)

3 LY 3 =
311 43 mInszaedvInagwIUYeIn T UBuF Isioa RF3
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o o
MINN -4 /AANITNTTIYAIVUIAYDIFWIUUDY RFS

fushuguinasveagnsy YFmnasvesgngy
Pore Diameter (A) Pore Volume (cm?/g)
636.6493 0.028246
317.0658 - 0.021446
244.1717 6.935357
156.8615 4.127085
111.0999 0.377926
85.2996 0.050926
8 -
7 .
CIEE
> 3
®
£ 2
1 -

0 50 100 150 200 250 300 350 400 450 500 550 600 650
Pore Diameter (A)

{ Y J A
71 -4 mInsznedIvnagnguvRInITUBUd 15194 RES
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M99 95 HANINTZVIBAIVUIAYDIFAIUUBS AC]

urUgUdna1LB I YFnasveagngu
Pore Diameter (A) Pore Volume (cm?/g)
578.1345 0.001762
314.4843 0.010419
210.5016 0.017557
148.4047 0.025008
111.5321 0.039361
88.8075 0.056081
66.6653 0.075250
51.0133 0.111310
40.6557 0.377085
32.6048 0.475529
26.5590 0.565690
23.0395 0.860725
19.7944 1.202052

e o @ =P
- T = T R
1 I i H 3

Pore Volume (cm?/g)

o
NJ
I,

&, .

e ]

0 50 100 150 200 250 300 350 400 450 500
Pore Diameter ()

3101 45 MINIZWAIVBIVNATNTUYDI ACT
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