
C H A P T E R  III 
E X P E R IM E N T A L

3.1 M a te ria l
The side wall o f  a used autom obile tire sam ple for pyrolysis, Bridgestone 

TU R A N ZA  G R -80, was first scraped and then sieved into a particle size range o f  8 - 
18 m esh.

3.2 E q u ip m e n t
1. G rinding m achine
2. Sieves, M esh 8-18 and M esh 40-60
3. H ydraulic pelletizer
4. Bench-scale autoclave reactor
5. Gas sam pling bag
6 . U ltrasonic Bath
7. R otary evaporator
8 . A quarium s air pum p
9. V acuum  Pum p
10. L iquid C hrom atography Colum n (G lass), 650 m m  height, 26.6 mm inside 

diam eter
11. A gilent Technologies 6890, Gas chrom atography (GC)
12. V arian G C -3800 sim ulated distillation gas chrom atograph (SIM D IST-G C )
13. Gas C hrom atography-M ass Spectrom etry, Tim e o f  Flight (G C-M S (TOF))
14. LEC O ®  Elem ental A nalyzer (TruSpec® S)
15. X -ray fluorescence spectrom etry (A X IO S PW 4400)
16. Therm o Finnigan Sorptom atic 1990 (Surface A rea A nalyzer)
17. Tem perature Program m ed D esorption o f isopropylam ine (IPA -TPD )
18. Perkiln E lm er/Pyris D iam ond (Therm ogravim etric/D ifferential Thermal 

A nalysis, TG /D TA )
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3.3 C h em ica ls  a n d  Solvents
1. M etal precursors, R hodium (III) chloride hydrate, 38% R h
2. Support KL, H Y, H B ETA
3. Spent N iM oS /A l2 0 3  and fresh C 0 M 0 S/AI2 O 3 com m ercial catalysts obtained 

from the hydrodesulfurization  unit o f  a refinery in Thailand
4. Silica for liquid chrom atography (Particle size 0 .063-0.200; 70-730 m esh 

A STM )
5. N eutral alum ina for liquid chrom atography (0 .05 -0 .15mm; pH 7.0±0.5)
6 . N 2 gas
7. n-H exane (C H 3(CH 2 )4 C H 3), A ssay >  99 %)
8 . n-Pentane (C H 3 (CH 2 )3 C H k3, A ssay >  99 %)
9. B enzene (CôHô, A ssay > 9 9 .8  %)
10. D iethyl ether ((C 2 H 5)2 0 , A ssay >  99.5 %)
11. M ethanol (C H 3OH, A ssay > 99.8 %)
12. Carbon disulfide, c s 2

3.4 E x p e rim e n t P ro c e d u re s

3.4.1 C atalyst Preparation
3 .4 .1 .1  R h  su p p o r te d  on  v a r io u s  zo lite s

The zeolites, KL, H Y  and H BETA  obtained from Tosoh 
C om pany in Singapore were dried first and calcined with d ifferent tem peratures and 
heating rates. KL zeolite was calcined at 500 ° c  for 3 hours w ith  the heating rate o f 
10 °c /m in . H Y  zeolite was calcined at 500 ๐c  for 3 hours w ith  the heating rate o f 
5 °c /m in  and H B ETA  zeolite was calcined at 600 ° c  for 5 hours w ith the heating 
rate o f  2 °c /m in . Then, each type o f  zeolites was loaded w ith Rh by incipient 
w etness im pregnation technique using Rhodium (III) chloride hydrate as the 
precursor. A fter that, the catalysts were dried at 110 ° c  overnight in an oven and 
subsequently calcined at 500 ° c  for 4 hours in a furnace (Sugioka e t a l ,  1996b). 
A fter that, these catalysts w ere pressed into a form  o f  pellets by using a hydraulic 
pelletizer and sieved into the size range o f  400-425 pm by using 40-60 m esh size o f
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sieves. Finally, the catalysts were reduced at 450 ๐c  for 1 hour w ith แ 2 (Sugioka et 
a l ,  1996b) so as to convert the m etal oxide form s to m etal form s.

3 .4 .1 .2  N 1M 0 S /A I2O 3 a n d  C 0 M 0 S /A I2O 3 c o m m e rc ia l ca ta ly s ts
The spent N iM oS /A fC b and fresh C 0 M 0 S/AI2 O 3 were 

obtained from  the hydrodesulfurization unit o f  a refinery in Thailand. A regenerated 
com m ercial N iM oS/A l2 0 3  was first screened for the clean pellets, then the two 
com m ercial catalysts w ere crushed, and sieved into the size range o f  400-425 pm  by 
using 40-60 m esh sizes o f  sieves.

3.4.2 Pyrolysis Process
A w aste tire sam ple was pyrolyzed in the low er zone o f  reactor with 

500 ° c  final tem perature while the catalytic reactions occurred in the upper zone with 
catalysts by controlling the tem perature at 350 °c . The heating rate was controlled at 
10 °c /m in . The product effluent was carried by nitrogen carrier gas (oxygen 
inhibition) to the upper zone and then the liquid products w ere condensed from  the 
effluent by using ice-salt condensers. The incondensable product was collected in a 
gas sam pling bag. The liquid and solid products w ere w eighed in order to determ ine 
the product distribution. The schem atic o f  pyrolysis process w as show n in Figure 3.1.

F ig u re  3.1 Schem atic o f pyrolysis process (Saeaen and Jitkam ka, 2012).
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3.4.3 Product A nalysis
3.4. ร. 1 A sp h a lte n e  p re c ip ita tio n

A sphaltene is a non-desired product separated from pyrolysis 
oil products by adding a solvent such as n-pentane w ith  the ratio o f  1:40 (oil : ท- 
pentane). The m ixture w as shaken in an ultrasonic bath at 30 ° c  for 15 min and left 
overnight. Then, the precipitate was separated from the pyrolysis oil by filtration 
using a 0.45 pm  teflon m em brane in a vacuum  system. The m em brane with filtrated 
asphaltene w as dried at 1 1 0  °c  for 6  hours before w eighing the asphaltene, n-pentane 
was evaporated from the m altene by using a rotary vacuum  evaporation at the 
tem perature o f  37 °c .

3 .4 .3 .2  M a lten e  S ep a ra tio n  (L iq u id  C h ro m a to g ra p h y )
M altenes w ere separated by using a liquid chrom atography 

colum n (650 height X  26.6 mm. I.D.), packed firstly w ith  alum ina at the bottom , then 
silica gel at the top and o f the colum n. The colum n had to be saturated with n-hexane 
overnight before pouring a m altene into the colum n. Then, the m obile phases 
(solvents) w ere passed through the stationary phase (m altene) by using an aquarium  
pum p at 20 cm 3/m in. The five fractions; nam ely, saturated hydrocarbon, mono-, di-, 
poly-, and polar arom atic com pounds, w ere eluted by using different com positions 
and volum es o f  the m obile phases show n in Table 3.1. A fter that, each m obile phase 
was recovered by a rotary vacuum  evaporator at about 60 °c .

T ab le  3.1 The optim ized com positions and volum es o f  m obile phases for m altene 
separation o f  liquid chrom atographic colum n (Sebor e t a i ,  1999)

M o b ile  phase V olum e
(cm 3) P re v a ilin g  co m p o u n d s type

Hexane 600 Saturated hydrocarbons
H exane-benzene (24:1, v/v) 500 M ono-arom atics
H exane-benzene (22:3, v/v) 500 D i-arom atics
Benzene 500 Poly-arom atics
B enzene-diethylether-m ethanol 
(1:1:3 v/v) 500 Polar-arom atics
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3 .4 .3 .3  G a s C h ro m a to g ra p h y
Incondensable gas products w ere collected by a gas sampling 

bag. Then, they  w ere analyzed by using a Gas Chrom atography, A gilent 
T echnologies 6890 N etw ork GC system , using H P-PL O T  Q colum n: 30 m X  0.32 
m m  diam eter (ID ) and 20 pm  film  thicknesses w ith FID detector and Fie carrier gas, 
as the fo llow ing conditions.

Initial tem perature 70 ° c
Tim e at initial tem perature 8 m in
H eating rate 2 0 °c/r
Plold for 16 m in
Final tem perature 2 0 0 ° c
H olding tim e 30 m in

3 .4 .3 .4  S im u la te d  D is tilla tio n  G as C h ro m a to g ra p h y  (S IM D IS T  G C )
A varian CP-3800 sim ulated d istillation  gas chrom atography 

(SIM D IST-G C ) conform ed w ith  A STM  D 2887 m ethod w as used to analyze the oils, 
for sim ulated true boiling point (TBP) curves and then carbon num ber distribution. 
The hydrocarbons were ranged into naphtha (<200 °C), kerosene (20 0 -2 5 0  ๐C), light 
gas oil (2 5 0 -3 0 0  °C), heavy gas oil (300-370  °C), and long residue (>370 °C). Prior 
to the analysis, a liquid sam ple was d iluted with carbon disulphide (CS 2) before 
being injected to a SIM D IST-G C using the conditions as following:

Initial tem perature 30 °c
Tim e at initial tem perature 0 . 0 1 m in
H eating rate 2 0 °c /m in
Final tem perature 320 ° c
H olding tim e 8.50 m in



2 2

3 .4 .3 .5  G a s C h ro m a to g ra p h y -M a ss  S p e c tro m e try  (T im e o f  F light), 

G C -M S  (T O F )
The G C-TO F M ass analyzer, Agilent® 7890 with 2D 

dim ension m ode, was used to identify the com ponents in a m ixture by the difference 
o f  mass. H elium  and N itrogen were used as a carried and cooling gas. The liquid 
products w ere analyzed by this instrum ent to determ ine the m ost o f  sulfur com pound 
that affected the tire-derived pyrolysis oil follow ing the conditions below :

Initial tem perature 80 ๐c
Tim e at initial tem perature 2 min
H eating rate 4 °c /m in  to 2 7 0 °c
H old for 5 min
Split ratio 1:50

3 .4 .3 .6  L E C O ®  E le m e n ta l A na lyzer, TruSpec® ร
The w aste tire sam ples, oil products, residual chars and spent 

catalysts w ere analyzed for the sulfur content in w eight percentage by a using 
LECO ®  Elem ental A nalyzer, TruSpec®S. 0.1 g o f  sam ple was w eighed in a ceram ic 
boat. The tem perature o f  furnace was 1,350 ° c ,  d ivided to 2 steps, as shown in 
Figure 3.2. T hen, sulfur balance was calculated.

A n a ly sis
----- ---------1,350 ° c

15  m i n 6 0 0 ° c

Room  tem p.

F ig u re  3.2 Tem perature profile in the furnace o f  LEC O ®  Elem ental Analyzer, 
TruSpec®ร.



2 3

3.4.4 C atalyst Characterization
3 .4 .4 .1  X -r a y  flu o re sc e n c e  sp ec tro m e try  (X R F )

X -ray fluorescence spectrom etry (A X IO S PW 4400) is a non
destructive analytical technique used for qualitative and quantitative elem ental 
analysis by  identifying the concentrations o f  elem ents in the solid and pow der 
sam ples. The conditions w ere set as follows: internal flow  o f  4.10 1/min, external 
flow  o f  2.49 1/min, cabinet tem perature o f  29.97 °c , prim ary tem perature o f 19 °c , 
vacuum o f  10.10 Pa, x-ray generation o f  50 k v  (60 m A ), 150 m o f  collim ator, angle 
o f  10.0002 degree, gas flow  0.90 1/h, and gas pressure o f  1,020.8 hPa.

3 .4 .4 .2  T herm o  F in n ig a n  S o rp to m a tic  1 9 9 0  (Surface  A r e a  A n a lyzer)  
The specific surface area and total pore volum e o f  the

catalyst sam ples w ere determ ined by B runauer-E m m et-T eller (BET) m ethod using 
Therm o F innigan/Sorptom atic 1990. The characterization was based on the physical 
adsorption o f  nitrogen gas on the catalyst surface. B efore analysis, the sam ples w ere 
out gassed to elim inate volatile adsorbents on the surface at 150 ° c  w ith a helium  
flow at 300 ° c  for 4 hours. The calculation o f  specific surface area was determ ined 
by the BET m odel.

i T v O - i f F T
f  p \

V A  J
+ -

V C (1)

w here V =  volum e o f  gas adsorbed at relative pressure P o

v m =  volum e o f  adsorbate containing a m onolayer o f  surface coverage 
c  =  constant

A nd then the specific surface was calculated by
0 0 _  s  _ S o x K  _ Z x a x K,  m
s s  พ ' ^ ~  = ~ Ï T ~  (2)

where SS =  Specific surface
พ  =  Sam ple m ass
v m =  M onolayer volum e
z  = A vogadro num ber
a =  A verage m olecular area o f  absorbate
ร = So X v m
S o  =  z  x a
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ร. 4 .4 .3  T em p era tu re  P ro g ra m m e d  D e so rp tio n  o f  iso p ro p y la m in e  
(IP A -T P D )
IPA -TPD  was used to determ ine the acidity o f  a solid sample, 

perform ed by m anual injection after the elim ination o f  m oisture in 0.05 g o f  the 
catalyst by He purging until no peak o f  w ater observed. The IPA-TPD was 
conducted from  room  tem perature to 800 °c with a heating  rate o f  2 0  °c /m in  under 
He flow. The isopropylam ine (C 3 H 9N) is decom posed over Bronsted acid sites, in a 
narrow  tem perature range form ing propylene and am m onia. The desorpton o f  
isopropylam ine (m /e =  44), am m onia (m /e =17) and propylene (m /e = 41) were 
detected by a m ass spectrom eter.

3 .4 .4 .4  L E C O ®  E lem en ta l A na lyzer, TruSpec® ร
The sulfur content in tire derived oil and spent catalyst can be 

also determ ined by L EC O ®  Elem ental A nalyzer, TruSpec®S, using the same 
procedure as show n previously in the product analysis.

3 .4 .4 .5  T h erm o g ra v im e tr ic /D iffe ren tia l T h erm a l A n a ly s is  (T G /D T A ) 
TG /D TA  was used to determ ine the w eight o f  coke form ation

o n  c a t a l y s t s .  A b o u t  4 - 7  m g  o f  s a m p l e s  w a s  h e a te d  f r o m  th e  r o o m  t e m p e r a t u r e  to

7 0 0  ๐c  w i t h  t h e  h e a t i n g  r a t e  o f  10  ° c / m i n .  O x y g e n  f l o w  r a te  w a s  s e t  a b o u t  5 0

m l / m i n .
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