CHAPTER V
RESULTS AND DISCUSSIONS

5.1 Experimental Results

The experiment utene-1 by Fe/activated carbon

rsicﬁge of the products and yielded

eentage of iron loading on activated
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n \.\ ssure of hydrogen gas and
conditions and those of oil
.‘ e A2 (Appendix A). The

influences of each variablé agov, .m. -r* are s ~ igures 5.1, 5.2, 5.3, 5.4, 5.5,

5.1.1 Influences of perc

] L&%J ,‘1 ac tlvated carbon on composition of oil
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catalyst by studying its in
oil composition have
carbon, reaction temperat
reaction time. The rest

composition analysis

5.6, 5.7 5.8 and 5.9, respeg

product

The pv@cts yield of vanation G percentam loading of Fe 1, 5 and 10%
on activated carbon using as.catalyst at a fixed condition of 15 g of polybutene-1, with

myerogen proofelo WAL lor gy bl brd oFth b el s 410°C and 03

g catalyst were ﬂlown in Figure 5.1. The percentagesof oil yield wasdnra range of 81.74

0 91,000 Gpoce ] b ol 34 B Yo YA @, Tavie a2

showed ,nat 1% Fe yielded 50.66% naphtha, 16.94% kerosene, 11.39% light gas oil,

7.5% heavy gas oil while 5% Fe yielded naphtha 51.67%, kerosene 15.55%, light gas oil
10.83%, heavy gas oil 7.78%.
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From these data if considering together with oil yield, it could be concluded that

the different percentage of Fe, was no significant effect to the oil yield and composition.

Figure 5.2 shown the percentage of products form reaction that carried out
without using catalyst compared with using 0.3 g Fe/Activated carbon (5% Fe) catalyst.
The percentage of oil composition was lower quality when compared to using catalyst. It

could be explained that without catalyst, the thermal cracking played only the important

role in immediately cracking very. Ig C n chains to intermediate molecules.
The catalytic reaction was simulianeously y thermal and catalytic cracking;

as a result, the distributione Iro 2 f w obtain better quality oil and

increase of naphtha from

5.1.2 Influences of'tei . ) mpo 0|I product

The study of influer \ perature on the cracking of
polybutene-1 was performéd By opere \ ction temperatures; 375, 385,
395, 410 and 425 °C by ng’ Hﬁ- o ; 3/AC catalyst under initial hydrogen

pressure 30 kg/cm2 and fixing re uu-w

ol o

-

The chdracteristic '-"‘- action temperature, 375
°C, was the mixture ] oil and wax and partial oil proguct still was solid at room
fore, iff this case, it could®bt be determin exactly percent of oil

o ém AL IN IR Tl e A

showed in Flgure 5.3 and 54. It was found that #he percentage @frnaphtha largely
mcreaQ 100 3 84010 4 55 i et of el Edoelafde o 385 10 410
°C but o er composition except solid yield slightly decrease with the increase of the
temperature. However when increase temperature to 425 °C oil yield decreased
dramatically from 88.57% to 63.11% while gas and solid yield were largely increased
from 6.6% and 7.5%
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to 19.86% and 17.03%. It can be concluded that low reaction temperature was not
suitable condition to crack polybutene-1 because of obtained mixture of oil and wax
product. It also shown that thermal cracking of low temperature was not good enough to
break down polybutene-1 to be the lower molecular weight hydrocarbon when
compared with at high reaction temperature. Moreover, Figure 5.3, showed the
comparison of product distribution at various temperature, 385-425°C, gas yield from

low reaction temperature was quite low, 5 19%, whereas, increased to 6.7% at 410 °C

and largely increased to 19.86% at 4 this result it was found that too high
as yield with lower oil yield and
mperature inducing a largely
amount of thermal cracki _r hydrocarbon. But too high
reaction temperature gavg ."-'\'-.; ocarbon, gas and increment

of solid yield at high reacii at catalyst surface. This result

\\

was confirmed with 0g o gtum’ h@ studied the conversion of polypropylene

into oil product using i@ a microreactor by varying

Oj.
of* 1\ <H'co |
il = S

temperature between 395 ad 465°C and & ime 30 to 90 min for each catalyst.

operation conditions as @ gas ange of 28 to 50 kglcmz, reaction

The analyzed oil product from GC Si fillation was found that iron on activated

carbon was suitable-an gaen pressure at 30 kg/cm2

and reaction time 60 mi , 96.33% of oil and 1.33 %

® studied the solid superacid-
liquefaction ( lﬁ@ﬁ were systematically
investigated a laﬁﬂ' iﬂﬁﬁ ﬂe’m ure (350-450°C), time
(0.5-3.0 h) ressure (500-2000 sug) cata and conéefitration, and the

presena a ?ﬂtﬂs o / ﬂ"m aEJ a Pt-modified

SO, /Zr(g At temperature more than 400 °C, with 1-2 wt% of SO, /Fe20 or SO, IZrO
as catalyst. The result obtained 84.00% of oil yield, 5.9%0f gas yield and 10.17% of solid

of solid. Shabtai et a ll atalyzed depolymerization-

yield respectively.

In case of polybutene-1 its structure is quite similar to polypropylene with longer
side chain, it means that polybutene-1 easier to crack when compared to polypropylene.



If compared to Shabtai work obtained 84% oil yield at reaction temperature 430 °C. It
was confirmed by the result of this work polybutene-1 optimum reaction temperature
was 410 °C, and it yielded 45.76% naphtha, 13.77% kerosene, 9.59% light gas oil,

6.89% heavy gas oil and 12.56% long residue respectively.

5.1.3 Influences of initial pressure of hydrogen on composition of oil product

The study of the i ydrogen pressure was performed by

various pressures at 20, 30, Iytic cracking of polybutene-1 at
the optimum reaction te “of reaction time and 0.3 g of

5%Fe/AC catalyst. The co f prod ,}.": ' vield were shown in Figure 5.5.

Figure 5.5 showed ! ct composition changed with changes
in initial hydrogen p ' : pressure from 20-40 kg/cm’
increased the % yield of 0l 50 ct %m . It can be described that an
increase in amount of hydiogg heI o5y Iate u\ King reaction and causes higher
catalytic cracking reaction. _;,au‘ firme e theory of spill over of hydrogen on
catalyst during the reaction, : _surface of catalyst is consumed, so
the higher hydrogen, the n __ 8. from gas phase to solid
surface of catalyst. T ?; it *’\ ore quantity of recovery
product. So it sho ' a higher result of naphtha fre ﬂ 43.06 to 45.76%. Other
composition ﬁ li uces from 20.43 to
4.57%. Howev@‘ﬁ uﬁzﬁ) ﬁ% mﬁﬁ? htha decreased but
solid yield increased. This is becauSe there was deakage of H, fréni the safely valve

n
ptitial

ouing o bV o ol wLEL8Lo e amour

and composmon of products were affected.
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The high reactivity of polybutene-1 can be described to the presence of
multiple tertiary carbons in the polymeric chains and the consequent stable formation of
tertiary carbon radicals in the presence of free radicals initiators. Such carbon radicals
undergo the Beta -cleavage reactions to yield lower branched paraffins and olefins by a

scheme proposed in Figure 5.6.

From the discussion, It could be said conclusively that the optimum

hydrogen pressure was 40 kg/cm2 ighest oil product yield (88.57%), the

: ‘_/{ﬂe solid was lowest.
..J

highest naphtha (45.76%) and

0.3, 0.45, and 0.6 g at fixed
conditions of 5% Fe/, i ybutene- drogen pressure at 40 kg/cm3. 60
at a higher mass of catalyst
from 0.15 g to 0.3 g ind i  '_ e percentage of oil from 81.10% to
88.57% and slightly dec fron _" g. 45°@ from 88.57% to 88.25% then
dramatically decreased when ing Tease | g t to 0.6 g from 88.25% to 68.85%,

it could be explaingdthat high amount of catalystiincréased, the cracking reaction it

— d

caused the long chaift' cked to the lower and lower

molecular weight h .1[ arbon finally it became gas naecules. S0 gas yield was

increased dramatically. Tﬁliﬁ en sboﬁd that of catalyst affected cracking
reaction, For 1@& m ﬂsﬁﬁ mk m"’, 60 min reaction
time and at 410 °C. Catalyst mass af 0.3 g gave the,highest oil yield/lowest gas yield

anc o ol s G4 el dra fe nclid 1 et doidy. ouce the

activatioﬂ energy of the chemisorption reaction. This mass of catalyst was mixed and

contacted well all liquid polybutene-1, therefore, the highest oil yield was obtained.
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5.1.5 Influences of reaction time on composition of oil product

The influences of reaction time on the percentage recovered of reaction
systems was performed by various time at 30, 60, 75 and 90 min. PB-1 was carried out
by fixing the condition at reaction temperature 410 °C, initial hydrogen pressure 40
kg/cm2 and 5% Fe/AC catalyst 0.3 g. The compositions of products and oil yield from

cracking reaction was shown in Figure 5.8.

ion time increased from 30 to 60
s kerosene, light gas oil and
heavy gas oil being the same eased from 30 to 60 min, then
increased from 60 to 75 90 min reaction time. After

reaction time more than g decreasing of oil yield and

%naphtha, in the contrast itws . ed mare;inc \~ ‘\. gas. The experiments were
fixed the temperature @nd gnitial hyd ':" . pressure the themmal and catalytic
cracking were occurred f i tion time increased to 60 min.
It obtained the maximum oil yield;%aaphtha ast solid yield, it means that 60 min
is the appropriate reaction ti 7 duid be observed also that when the

longer time of reactio) the % of gas largely increased from. 7.13 to 24.06%, it means

V— A
]

ed hydrocarbon into low molecular weight hydrocarbon; such
a result there is ﬁﬁ o% e also caused coking
at the surface rﬁ ﬁrﬂﬂ mﬁﬁﬁncrease of %naphtha
and %yield. In oonclusmn the optu‘um of reactien, time was 60 fmin, because this

mcnoﬂﬂmﬂrﬂ;fel@ﬂl Sk i onh Y08

5.1.6 Characterization of Fe/activated carbon before and after using in reaction

that more reaction ti acking. Longer cracking

reaction time was con ‘

Table 5.1 showed the surface specific area before and after using in

reaction. It was found that when Fe was impregnated on the surface of pure
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activated carbon, the surface decreased slightly about 5.3%, it means that there were
attached Fe metal crystals in the pores of activated carbon, and it was not affected to the
percentage loading of Fe on surface area. The surface area of each type percentage
loading Fe was not significant different. It implied that each percentage loading of iron
caused the same covering of plastics on metal crystal situating throughout all the pores of
activated carbon, therefore it was observed no effect of surface area on the oil yield and

composition of the former experiments.

Table 5.1 showe ecific area of catalyst after using in

reaction. It was found tha ed largely after being carried out
reaction. This was because_oi*€ome small amount converted polybutene-1 covering

\\, \ ature.

the surface of catalyst duripg

Table 5.1 Surfa€e specificiarea (Bi fpure activated carbon and any loading of
Fe on activated carbon g fter using in reaction at 410 °C,

initial H, pressure 40 kg/c

Fe loading (% by weight) BET area mzlg after

. ——,— _ teaction of polybutene-1

—

Pure activated carbon./

Y

1% Fe/activated carbon

58
5% Fe/activated carbon 72
10% Fe/activa & -.oa i f J | 0 f\ J | ' 65

IR TN ING I
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Figure 5.9 showed the surface specific area of catalyst before using in reactor
if compare to Figure 5.10. It confirmed that there was coking at the surface of catalyst

during the reaction.

Figure 5.10 The surface specific area of catalyst after using in reactor
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5.2 Comparison of this Work with Other Works.

The comparison of this work with Phungtum work and Shabtai et al., work were

presented with fractions of gases, oils and solids and expressed in Table 5.2.

Table 5.2 Comparison of this work with Phungtum and Shabtai et al.

Description This wo KN | hungtumm Shabtai et al.”
l / 000) (1997)
Polymer opylene cis-polybutadiene
superacid-catalyzed
Reaction scheme depolymerization-
liquefaction
Catalyst s0,” /zro,
Reactor Autoclave (300 ml)
Conditions
Amount of plastic 59
Temperature 430°C
Reaction time 60 min
(total 60 min)
Atmosphere H,
Initial Pressure /cm 30 kg/cm 102 kg/cm2
e AUED ‘VIEJ INEINT
Gases (%wt) | o 6.86 | ﬂ,l .34 7 | 5.9
oo ® W RIAGO AN IRENHY o
Naphtha swt) 45.76 62.62 na
Kerosene (%wt) 13.77 13.49 n.a
Light gas oil (%wt) 9.59 8.67 n.a
Heavy gas oil (%wt) 6.89 6.74 n.a
Long residues (%wt) 12.66 4.83 n.a
Solids (%wt) 4.57 1.33 10.17
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® studied hydrocracking of polypropylene into oil product using

Phungtum
Fe/activated carbon catalyst in microreactor by varying operation conditions such as
pressure of hydrogen as range of 28 to 50 kg/cmz, reaction temperature between 395-
455 °C and reaction time 30 to 90 min for each catalyst. The results found that reaction
temperature of 435 °C hydrogen pressure at 30 kg/cm2 and reaction time 60 min was
yielded the highest %oil. If compare to this work, the optimum condition (reaction

temperature 410 °C initial hydrogen pres 1 kg/cm2 and reaction time 60 min)

was yield 88.57% of oil product whi " this could be explained that

polypropylene.

Shabtai et al. superacid-catalyzed
depolymerization-liquefacti ions- af cisspol, hutadiene (PB) samples were
systematically investigated ‘ dition, temperature (350-
450°C), time (0.5-3.0 h) H, pg alyst type and concentration,
and the presence of solvents. “IFe,0,, SO,”/Zr0,, and a Pt-
modified 3042'/Zr02. Experiment patch apparatus using microclave
reactor, under atmospherie pressure. The Jlave | 2€ an internal volume 300

ofgas yield and 10.17% of
oil yield, 6.86% of gas

ml. From Table 5.2, resu
solid yield respectively, compared to this wa

yield and 4.57% of solid yielﬁ..ﬂthough Shabtaifused higher activg cracking catalyst
but this work shov&j i fit

USRS

cracking polybutene-1. At initiation step, radicals attacked the polybutengs4 molecule at

the teﬂiarﬂaﬁn’-\}ra ﬁome‘é W %M;&]QM &l@ls@: P} catayti

cracking rea!tion was occurred more effectively.

he mechanism of
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