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ABSTRACT

Fuel oxygenates, such as Methyl tertiary Butyl Ether (MTBE) is additive in gasoline used to reduce air pollution. Gasoline
components and fuel additives can leak form underground storage tanks. MTBE is far more water soluble than gasoline
hydrocarbons like BTEX then it travels at essentially the same velocity as groundwater. MTBE in drinking water causes
taste and odor problems. Therefore, the purpose of the this study is to examine the ability of ground tire to sorb MTBE in
water. The study consisted of running both batch and column tests to determine the sorption capacity, the required sorption
equilibration time, and the flow through utilization efficiency of ground tire. The batch test result indicated that ground tire
can attain equilibrium sorption capacities about 0.5 mg of MTBE. The result of column test indicate that ground tire has
on the 36% utilization rate. Finally, it is clear that ground tire represented an attractive and relatively inexpensive sorption
medium for a MTBE. Authors thought that to determine the economic costs of ground tire utilization, the cost to sorb a
given mass of contaminant by ground tire will have to be compared to currently accepted sorption media. The cost
comparison will also have to include regeneration and disposal cost.
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Table 1. Properties of MTBE"

Ttem Properties
Molecular Formula CH;0C(CH;);3
Molecular Weight (g/mole) 88.14
Color Colorlessness
Specific Gravity (at 20°C) 0.740
Caloric Value (J/kg) 3.52x107
Specific Heat (J/kg) 2.13
Boiling Point (°C) 552
Flash Point (°C) —28
Ignition Point (°C) 224
Vapor Pressure (Pa at 25°C) 32.659~33.546
Solubility (% at 20°C) 4.8

(isobutylene)?} HWer2-8- WESA)A AR3TH UES] o4&
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7L k. gREAR]] EsleARTE S0 o A4,
AL Fide] RN Z HEr) gin, 7kaAolH,
3719 Fde) EES Y & Utk E B
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3] SEPL = AT AR EFAe] Fot ik
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g oleR A3l AN 94, 11 8% Sk
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o] 1000 mg/l2] FFPAE THEo] AHE3I¥TE. MTBE
Ao ALgsh7] sl 1000 mg/ie] £AS 83l 1,
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Fig. 1. Composition of ground Tire?.
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Fig. 2. Consistent Elements in the ground Tire'®.
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Table 2. Analytical Condition of MTBE by the Gas Chromatograph

Iterns Conditions

Capillary DB-5

Col
ouma (Agilent Technologies)

Injection Mode Split Ratio : 50

Injection Temperature 250°C
Detector Temperature 310°C
30°C = 100°C
Column Temperature : (10°C/min)
Carrier Gas He (99.999%)
Column Flow Rate 1.2 ml/min
Detector FID
(Flame Ionization Detector)
Sample Injection Volume 1wl
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Fig. 3. A Experimental System for the Adsorption Process
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Table 3. The Result of Batch Test I

41

Mass of Ground Initial Concentration Equilibrium Mass of MTBE Sorbed
Batch Group Rubber of MTBE Concentration per Gram of Ground
® (mg/l) (mg/l) Rubber (mg/g)
10 mg/l
Blank 0.00 10.00 8.75 -
AV 5.00 10.00 7.86 0.059
A 10.00 10.00 6.16 0.085
B? 5.00 10.00 8.06 0.046
B 10.00 10.00 7.59 0.038
c® 5.00 10.00 8.16 0.039
C 10.00 10.00 7.19 0.051
Table 4. The Result of Batch Test IT
Batch Mass of Ground Initial Concentration Equilibrium Mass of MTBE sorbed
Group Rubber of MTBE Concentr-ation per Gram of Ground
® (mg/l) (mg/l) Rubber (mg/g)
25 mg/l
Blank 0.00 25.00 21.55 -
AV 5.00 25.00 17.72 0.253
A 10.00 25.00 16.13 0.179
B? 5.00 25.00 18.35 0.211
B 10.00 25.00 17.07 0.148
o2 5.00 25.00 19.81 0.115
C 10.00 25.00 18.82 0.090
50 mg/l
Blank 0.00 50.00 46.17 -
AP 5.00 50.00 38.26 0522
A 10.00 50.00 3421 0.395
B? 5.00 50.00 46.17 0364
B 10.00 50.00 40.66 0.290
¥ 5.00 50.00 41.22 0.327
C 10.00 50.00 37.06 0.301

1) A : Tire Size < 1.18 mm
2) B : Tire Size 1.18 mm to 4.75 mm
3) C : Tire Size > 4.75 mm

AR FFonm, 7+ AlgE S8 100 mlE EH39S
et} A F FEE ST AH9E 2AE o
TN2ES FA FFoE o 1 A9 T Yep)
T 9o 9 o mee Eeu

3. 48 &

HEelolole] Ao 10 mg/¢] MTBES E3siE A3},
Helelo] g 2 A 0.085 mge] FAHUT. e =7]0]
HI3) oF v o o] FAHULS & 4 AT =3
25mg/l. 50mg/l2] MTBE §dog Ay & Zys
VR E, HEolole] At ALE ¥ B2 MTBE
£ FZ3lYrt. MTBE 50 mg/l02 A3 9 1.18
mm ©J3te] FHejoloje] ¢ F Ho FHFE F 0.5 mee]

3.1 3124 SRy ot Aok o2 =7l viE) oF 249 o Bo] FREHSS ¢
Table 38} 4= HE}olole) Z/IME MTBES 10mgl, 4 UATh

25 mg/l, SO mg/lE 27t FURE AElolA 232te] 5%
AEEE S48l vepd 27 et 1.18 mm ©]319]

Table 5= Batch AHZ#E EUIE Freundlich 5%
2215 Ve Zojt}, Freundlich 42 A2 vhe T&
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Table 5. Experimental Values of the Freundlich Isotherm
Parameters for Sizes of Tire

Freundlich Isotherm Correlation
Group .
KF 1/m Coefficient
AV 8.67X107? 1.11 0.92
B? 3.85%107° 1.17 0.94
cy 3.36X107° 1.29 0.94

1) A : Tire Size < 1.18 mm

2) B : Tire Size 1.18 mm to 4.75 mm
3) C : Tire Size > 4.75 mm

n=843} £xol v} Zho] HalAls A4

9] GGl A3 Aoy, It o=z 1/mgtF} KFgkol
& "WE Freundlich © F239 oM & FREES
Holo], KFe] 2l ngkol & Wle S99 Ulo] v
F24e BRIt} T8 nghe] 2 we fdw=d uet
£3 EAo] wiglsled] w57t 28 v 453 XA
< RolA ) YukzoZ 1/ngko] 0.1~0.59 of EXo)
A dojub, 1/ Fho] 201dR1 BRS¢ FEAoth

Hetolole] F2 A3 A, F2A Ui 829] &
Zeke- LJehl= Freundlich ¥4¢] KF Zko] #HEelo]of
A7PF 7PF A& Zo] AuideE A JEReH, o
HA T 7HA]9] A9 visshAl JEsT ol FoiR
F5oA Helelo] &g AF F FAE MTBEY o]
te =719 Heleolo] Bt 1.18 mm ©l3te] A$7) ¢
2 RS ougitt. 1 37t ASSE U He 39Ee
73 A7) WEe= AlgHct

3.2 ZEAME Ao

MTBE 10 mg/[E micro tube pumps ©]83}H 2.5
m/min®} F&OE FFII FEFE 30 mIE AFHS
EFAS ol8sl BuiFE3 & MTBES 493K
83, A 100 miE &S Foll oAl 30miE A
slo] BAska, oA 100 mlE §=3% $o) oA AlRE
AR o]H WS kel FHR] 9F 1200

Table 6. The Result of Column Test

m/¥ w7R MTBE 10 mg/lE FF39th Table 62
Z3 A% A9 vl Aot} HEloolE FXI8HA &
& YL olfdld TYF ZioE uEAPS AN}
Act. 2 2%, 10mgiel MIBEZF B ¢F 92 mgi9)
TER YRS & A

0|2 ulgto g =717} 1.18 mm ©J31¢] HEeloloje} 1
9] F 7HA FF9 AFS 7 HElolols Zhd F
el AHNe XA 1.18 mm ©)5k] HElo]olE
27 3cm, 2ol 50cm®] P 145 gS FREITH
1.18 mm °}d 4.75 mm®] 739+ 165 g, 12]3l 4.75 mm
oAkl 9= oF 185¢9] HElololS FXF F AFS
Q=

HEeloloje] =7l WE A 7 FEFE &
s 2 A7, Al 7EA] A ZF7) B Al7)el gt
7t oo HeS & F AN T /) 550miY
u gt AR B9 Z7Rle] Ee e 1.18mm
olate] HElolol= oF 7.06 mg/i©) e, 1.18 mm ©)1F
475 mme} A%+ °F 7.51 mg/ioIUth. 4.75 mm ©)/3<]
7A9E oF 737 my/lE VRt

o2 A7A 9] FdFES} Bach APolA 3
Freundlich Isotherm ©]-83l] &3S Al4F8l] Table
60l TH3IHE. 1.18 mm ©18}e] HElolof7} 1.18 mm ©]
%% 475 mm, 4.75 mm ©PJ1 Helolojwt) oF oulje] o)
Elolo] ¢ & MTBE $3#S BT ol IA 78
Freundlich Isotherm®] KF #3} vl&|€e & 4 o

F &2l g B MTBEY 52 AAksie] 2l
g g AR 7R 2R FElolofdlld g 7
F 0.031 mg®] MTBEE H%5195S ¢ & ok =
d UHA] F ) TR HElloe] Hee BT ¢ 7
ok 0.07 mg®] MTBES &33)53t}.

Freundlich Isotherm& ©]-83}4 -8+ Sorption Capacity
o HA B = 34S ¢ F ARk MTBEY $%
&8 nlwsle] Utilization EfficiencyE =30t #HE}

EQ\.

O

ok |

[+

Mass of Total . . Equilibrium Sorption e
Sorption Capacity . Utilization
Ground Accumulated Capacity at Average ,
Batch Group at Breakthrough : Efficiency
Rubber Volume (m/e) Influent Concentration %)
(o]
® (ml) £ (mg/g)
Initial Concentration of MTBE : 10 mg/! &, Average Inlet Concentration of MTBE : 9.21 mg//
Blank 0 1200 - - -
AP 145 1200 0.086 0.031 36.0
B? 160 1200 0.045 0.007 15.6
c? 185 1200 0.044 0.007 164
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Fig. 4. The Plots of Column Test Results (<1.18 mm).
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1. 354 Agel Axe oy SLFR 0 Wit )
X2 A3}, Freundlich Isotherm®] 713 A35tgo™ 1.18
mm ©|5}e] HEejojole] 9ol 10 mg/ ] MTBES &3
a2 Az, Helelo] ¢ 3 Aol 0.085 mge] FREU.

MTBE 50 mg// & H&319S ® 1.18 mm ©|5}k] HE}
oloje] g B ) FAEFRS oF 0.5 mgoE VEITE &
8, Freundlich 41 KF 3t #HEtoloje] =77k A&
Rl 71 & k& EAck

2. Al 7HA Z719] HElelo] B, AEE 9 7H
FrFo] oF 550 i wiRE] Haprt ARG St A
7MA9] BF FEE 1.18 mm ©|3k] HElololE oF 7.06
mg/°1 ™, 1.18 mm o 4.75 mme] 7A-9= F 7.51
mg/I°]0t}. 475 mm °oPde] A= F 737 mgE W
Epict.

3, AR 2 AEL E3 1.18 mm ©]5k] FHEloloj7t
1.18mm ©P 4.75mm, 475mm Pl HEl]OH}
ok 9] Helolo] ¢ T MTBE §2H4S Bt ol
kA 73+ Freundlich Isotherm®] KF 3t} Hlglgre &
g Stk

4. % 589 g HF MTBEY 5 Askd 4
A F2E %S Ak 29, P 2L gglolofdla ¢
2 °F 0031 mge] MTBEE F&3I92-S ¢ 5 AL
Uz £ 7 579 delelojd] Aee BT g 7
0.07 mg® MTBEZ &25}3t).

5. Freundlich Isotherm& ©]-8&3}od 3 Sorption
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