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Ausanee Thinthaworn 2011: Study of Volatile Organic Compounds Adsorption
Capacity of Silica-Zeolite Composite. Master of Engineering (Chemical Engineering),
Major Field: Chemical Engineering, Department of Chemical Engineering. Thesis

Advisor: Associate Professor Metta Chareonpanich, D.Eng. 96 pages.

This work studied the adsorption abilities of volatile organic compounds (VOCs) on
MSZ-1 silica-zeolite composites, MCM-41mesoporous silica and ZSM-5 zeolite which have
different physical characteristics. ZSM-5 and MCM-41 have a single pore size of 0.50 and 2.74
nm, respectively, whereas MSZ-1 has two pore sizes of 2.42 and 3.81 nm. The BET surface
areas and pore volumes of MSZ-1, MCM-41 and ZSM-5 were 1610, 1400 and 179 mz/g, and
2.05, 3.16 and 0.13 ml/g, respectively. These adsorbents were applied for the adsorption of
hexane, methanol, ethanol, benzene, toluene, and xylene. The adsorption conditions were as
follows: temperature, 40°C; carrier gas, N,; pressure, 1 atmosphere; and gas flow rate, 30
ml/min. The adsorption capacities of each VOC on the synthesized adsorbents were compared
by means of breakthrough curves and equilibrium adsorption isotherms. It was found that
among these adsorbents, MSZ-1 showed the highest capacity for oxygenate hydrocarbons

(methanol and ethanol) adsorption at the capacity of 0.223 and 0.246 g./g respectively.

adsorbent?
Moreover, MCM-41 showed the highest capacity for hydrocarbons (benzene, toluene, xylene
and hexane) adsorption at the capacity of 0.158, 0.207, 0.156 and 0.098 g,(/8.icomens
respectively. Then the effect of VOCs concentration on MSZ-1 adsorption was studied. The
adsorption isotherms of methanol, ethanol, benzene, and hexane on MSZ-1 were the favorable
isotherm, whereas those of toluene and xylene were the strongly favorable isotherm. It can be

concluded that factors affecting the VOCs adsorption ability were specific surface area and pore

size of adsorbents, and polar/non-polar characteristics and concentration of adsorbates.

Student’s signature Thesis Advisor’s signature
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Removal Efficiency

Secondary waste

Techniques Advantages Disadvantages
(%) generated
Thermal oxidation 95-99 Combustion products  Energy recovery is Possible (maximum Halogenated and other oxidation
up to 85%) compounds may require additional
Catalytic oxidation 90-98 Combustion products  Energy recovery is possible(maximum Efficiency is sensitive to operating
up to 70%) conditions. Certain compounds can
poison the catalyst. May require
additional control equipment
downstream
Biofiltration 60-95 Biomass Requires less initial investment, less non-  Slow, and selective microbes
harmful secondary waste, and decomposes selective organics, thus
nonhazardous requires a mixed culture of microbes
(which is difficult). No recovery of
material.
Membrane separation 90-99 Exhausted membranes No further treatment, recovery of solvent ~ Membranes are costly

may offset the operating cost

el



M3519N 4 (D)

Removal efficiency

Secondary waste

Techniques Advantages Disadvantages
(%) generated
Adsorption Spent carbon and Recovery of compounds, which Susceptible to moisture, and some
i) Activated carbon 80-90 collected organics may offset annual operating costs compounds (ketones, aldehydes, and
esters) can clog the pores, thus
decreasing the efficiency
ii) Zeolite 90-96 Collected organic, Effective in more than 90% RH; recovery  High cost of zeolite, restricted
spent zeolite after of compounds offsets annual operating availability
several cycles costs
Condensation 70-85 Condensate Product recovery can offset annual Requires rigorous maintenance. Not

operating costs

recommended for the materials

having boiling points above 33°C

30: Khan ef al. (2000)
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Contaminant molecules
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Small and large

organic molecules
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Small and large
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1§ UATI NIDI38AI Calibration curve AIUMITNHNUING N1

M51HUINT N1 TUNI5Y04 Calibration curves YosesuAazwHAN 1HTUMsgady

Substance Equation R
CH,0 mol = (1.88 x 10") x area 0.999
C,HO mol = (8.27x10 ") x area 0.999

CH, mol =(3.13x 10 ") x area 0.992
C.H, mol =(1.95x 10") x area 0.998
CH,, mol = (1.63x x 10 ") x area 1.000
CH,, mol = (1.00 x 10°) x arca 0.999
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masnnalsunamsuaazsiaiiun ldaeil
~ 4 Aa
nsaidlumas Usuaas (mol) = (V. X T) / (100 X 22400)

A o 1 a ) Y ' 3 3
e v, = daaml3unasvesdns lumadied1a (cm’/em’)

a [ @ ] 3
T = 151105590 V0IMFAI0819 (ml, cm’)
asaniluasazaie Ysnaans (mol) = (V, X TX D X P X 107) / (MW)

e V. = dadiulSuasvesasluaisazaieaaed1a (cm’em’)
T = 1313370 v89a15022181 (LLL)
D = ANUWUUY (g/em’)
MW = molecular weight (g/mol)
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P =a0uuigns (%)



MANHIN U

o a [ a 4 ] [ %
fﬂiﬂ11!’J‘mﬂiiﬂﬂlﬂﬁﬂﬂ%ﬂﬁﬁﬂigﬂﬂﬂﬂuﬂ%{ﬂizmﬂﬂﬂﬂuﬁ’lﬂﬂ“ﬁﬂ

&8



&9

o ] a J Y] [
msminalsmnamsgaduasdszneudunidssmenauudigaty
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0.8 S
- 0.6 -
&
© 04

0.2 A

O I I I

0 20 40 60 80
Time (min)

Y v o 1 [
ﬂ1WNH'Jﬂﬁ 1 N5 Breakthrough curve Llﬁﬂﬁﬂ’Nll’ﬁil’wu‘ﬁi$W'JNﬂ’JﬁJL"i,l}iJsﬁjuﬂ‘UL’Jﬁ1

91013519 Breakthrough curve @nsafmmlsuamsgasu lannaunisi (1)

ﬂimmﬂTi@wu:f (1 — —) dt (1)
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Falf(1-C/c )dt]
Wsat = 0 2)

Wadsorbent/Crossection area

Taeh

a @ a 4 v 1 @ Y] @
w,, = UY51numsgaduasliznouaunIgssmed1snonINY0IAIRATY (8,02, u0me)

F, = 80513 lnavesaslsznoudunidszivods (g/(h.ocm’)
I(I—C/CO )dt = Usmamsgaduunmsdunnsans 1 Breakthrough curve (g)

a o ] iq ¥
\ = smadgegunly ()

adsorbent

. A A 9 oo Aq Y &) )
crossection area = W‘L!‘I/]‘ViuW]W’UEJ\?LU@VIGI,GBGI,HﬂEZ‘U’Juﬂﬁ@ﬂ‘ﬁ)”ﬂ (cm’)

1 Qa: a A J 1 1 A 1
AUANUTNTUN A UVDIATTEABUBUNS ST meds T une (mg/1) mmagiu

UAY Y Muna ladeaumsi (3)

Co

a { g o '
5unaitnuaisalede

103m 103ml
X MWyoc X — 9 x —

concentration =

Taeh

. Yy 9 a A Jd ]
Concentration = ﬂ’J”IiJHJ?J“]J‘L!GUE’Nﬁ”I‘J‘IJ‘Jzﬂﬂﬂ@u%iﬂizl‘ﬁﬂﬁﬂ (mg/l)

Yy 9 a A o v
C,= ANUINTUVOIESUsTnouBUNIaTZIvied 1Y (mol)

a 4 1
MW, = 478 luanaveda1slsenauaunidsznedis (g/mol)
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a1y 15 ¥
Y ii’l’]mﬂ’]iﬂﬂmu (gVOCs/gadsorbem)
N1TTSINY - A -
UNMUDA 1ON1Ua LYY I‘V]QE]‘N ll“lfau LINLEU
VOCs (°C)
40 0.223 0.246 0.132 0.184 0.116 0.065
50 0.232 0.252 0.224 0.356 0.189 0.116
60 0.236 0.261 0.228 0.386 0.287 0.192
70 0.286 0.298 0.295 0.395 0.441 0.198
80 0.299 0.339 0.344 0.402 0.541 0.204
100 0.335 0.404 0.435 0.469 0.670 0.294
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R

MITLNIAIE
a1 ¥ois SUNSE '
T ANUINTUVDIE15UTZNOVOUNT 5B (mg/L)
Tumsszive . ) B
wmuea  temuea  wudu  Ingdu  ledu LNLE
VOCs (°C)
40 131.57 65.56 109.78 35.53 5.02 131.61
50 148.43 70.74 371.90 77.56 10.05 248.32
60 164.11 92.10 426.57 131.28 17.76 412.11
70 211.18 125.39 721.31 134.89 27.90 486.74
80 227.67 171.63 862.23 145.30 35.46 514.06
100 297.71 209.73 1087.64  179.64 43.93 988.21
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