CHAPTER IV
RESULTS AND DISCUSSION

These experiments involved the search for suitable conditions to convert used

lubricating oil with Ni-Mo/Al,O, and HZSM-5 catalysts to light oil in high yield. The used

lubricating oil was selected for this study, because a large quantity of demand in the world

ironment problem. The Ni-Mo/Al,O, and
& were active and gave high activity
ea 4

The results for all fiom, hyd : '\»”\. yrocess of used lubricating oil on
. J ‘\“

where some parts of this would cause

HZSM-5 catalysts were selected

for hydrocracking as well as for

-\

t_| 1.0f processing variables, i.e.

\. percentage of catalyst. The oil

products were identified by Simalilaied D sfiliation

1:atography, following the ASTM
Poret

D-2887 method. The change in duct as a function of the above

variables allowed for the selection of

e -

4.1.1 Effect of reaction tempt

The study of the temerature on the hydrocracking ﬂcess of used lubricating oil

with Ni-Mo/Al,O, and HZSM-5 faﬂysts was v]rfol#ed by operating at various conditions.
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4111 Effec;t of reaction temperatdre on light oil.gemposition for Ni¥Mo/alumina.

The&%&&?ﬂ)ﬂnﬁ mum&%mrﬂ@ ﬁg lubricating oil
with Ni-Mo/AIj)3 catalyst was performed by operating at various reaction temperatures: 400,
420, 430, 450 and 470 °C by using 1.0 % Ni-Mo/AlL,O, catalyst under initial hydrogen

pressure 100 psi while fixing reaction time at 90 minutes. The compositions of products from
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catalytic hydrocracking process as a function of temperature were shown in Table 4.1 and

Figure 4.1.

Table 4.1 Effect of hydrocracking process at various temperatures on product composition

at 100 psi of initial hydrogen pressure, 90 minutes of reaction time and 1.0 %

Ni-Mo/Al, O, catalyst.

Ogas &ﬁfa‘ ightiga AR= T~ O solid

Gas
Temperature product Long Solid Qil Product
(°c) (% Yield) Residue | (%Yield) (% Yield)
400 12.28 1.87 85.85
420 10.73 2.07 87.20
430 11.10 1.23 87.67
450 13.15 1.21 85.64
470 14.96 1.48 83.56
470 14.96 |
é 450 13.15 | e
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Figure 4.1 Effect of hydrocracking temperature range of 400-470 °Con product composition

at 100 psi of initial hydrogen pressure, 90 minutes of reaction time and 1.0 %

Ni-Mo/Al,0,.
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Table 4.1 and Figure 4.1 show the effect of reaction temperature on the
hydrocracking process of used lubricating oil with 1.0% Ni-Mo/Al,O, under initial hydrogen
pressure 100 psi and reaction time 90 minutes. When the reaction temperature increased
from 400 to 450 °C. the thermal cracking of long chain hydrocarbon from lubricating oil
firstly was broken down with high temperature to lower hydrocarbon such as gases (C,-C)),

naphtha, kerosene and gas oil. Nevertheless thermal and catalytic cracks were the

30 active as zeolite. For these reasons the

percentage of recovered of argely with an increase reaction

@eached 470 °C, we noticed the

0% , 2 catalylic cracking was dominated b
: ~D\ 9 Yy

temperature from 23.74% to
nephtha decreased from

thermal cracking. On the ¢ S \\? Aperature, light hydrocarbon could
VNN

be cracked more, as a re % ofigaseot Q' t increased from 13.15% to

14.96%, this confirmed the.i \

In conclusion, it was ction temperature was 450 C
because it gave high naphtha 36. % : 49%, gas oil 19.98% and low residue
product 19.23% and gaseous prody, f_ y ,_ _ gh the % oil yield was slighted from
87.67% to 85.64% this tefpefature was used to study for other o

Rl =

4.1.1.2 Effect of reamm temperature on light oil compﬂition for HZSM-5 catalyst.

The study ‘ﬁa ti fﬂ i r of used lubricating oil
with HZSM-5 catalﬁlﬁc’aee oﬁﬂmy vari mrrzmperatures: 400, 420,
430, 450 and 470 ° by using 0.5 °i Ezi - alys initi :/éd pressure 100
psi and fixin ﬁﬁaﬁﬁ ﬁi@(ﬁhﬁﬂﬂﬁ uﬂ from catalytic
hydrocracking process as a function of temperature were shown in Table 4.2 and Figure

4.2.
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Table 4.2 Effect of hydrocracking process at various temperatures on product composition
at 100 psi of initial hydrogen pressure, 60 minutes of reaction time and 0.5 %

HZSM-5 catalyst.

Temperature|Gas product Oil products (% recovered) Solid  [Oil Product
(o (% Yield) | Naphtha |Kerosene|Light Gas Oil | Heavy Gas Oil |Long Residue| (%Yield) | (% Yield)
400 6.99 6.39 4.14 i 18.23 53.96 3.39 89.62
420 10.23 21.15 8.77 ! 30.27 5.78 83.99
435 14.69 32.89 8s o —mq""" 2213 2.12 83.19
450 1233 | 3487 | 11 148/ m ~ 19.34 221 85.46
470 17.03 26.30 = B\ 33.24 1.81 81.16
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Figure 4.2 Effect of hydrocracking temperature range of 400-470 °Con product composition
at 100 psi of initial hydrogen pressure, 60 minutes of reaction time and 0.5%

HZSM-5 catalyst.
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Table 4.2 and Figure 4.2 show the effect of reaction temperature on the
hydrocracking process of used lubricating oil with 0.5% HZSM-5 under hydrogen pressure
100 psi and reaction time 60 minutes. When the temperature increased from 400 to 450 °C,
we found that the percentage of recovered naphtha increased largely with an increase
reaction temperature from 6.39% to 34.87%, because the high temperature (450 0C)

accelerating the thermal cracking which changed kerosene and gas oil. After that kerosene

kerosene and gas oil ~t 450 i
respectively. On the contrary_we ; | soli 7 ed by 0.1% at the surface of
CC \..\ the same time. When the
‘ mg of naphtha and kerosene
from 34.87% to 26.30% afd 1 oflgre. sS4 grespectively. 1t seemed that when higher

d e, as a result we found the

N

% of gases increasing abg ' ause itherms \\ g was faster than catalytic

cracking
In conclusion in case of te F,; .- 1he ole temperature was 450 °C because
of high oil yield and low solid! The on of product wa shaphtha, kerosene, light gas

oil, heavy gas oil, long résidu 0F .49%. 8.73%, 19.34% and
¥ |

]
2.21% respectively with 85. ! % of oil yield.

ﬂumwﬂmwmm
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4.1.2 Effect of initial hydrogen pressure on light oil composition.
The study of the initial hydrogen pressure on the hydrocracking process of used

lubricating oil with Ni-Mo/AlL,O, and HZSM-5 catalysts was performed by operating at

various conditions.

4.1.2.1 Effect of initial hydrogen pressure on light oil composition for Ni-Mo/alumina.

pressure was performed by various initial

#Sing 1.0 Ni-Mo/Al,O, catalyst under

@ minutes. The compositions of

products from catalytic hy i 5528, a-fun of initial hydrogen pressure

were shown in Table 4.3, F

Table 4.3 Effect of initial hygifog Suré on product composition at 450 °C of reaction
temperature, 90 mi .ac" : and 1.0'% Ni-Mo/AlL,O, catalyst.
J *,
initial fo cis 1)
pressure |Gas produc - 5 Solid Oil Product

(psi) (% Yield) naphta | k TN, longresidue (%Yield) | (% Yield)
blank 1015 | 22.33% 2 6.07 83.78
100 13.15 36.15 (|} 11.4 : 18.02 1.21 85.64
150 16.02 3141 | g722 8.84 7 1.20 82.78
200 1713 §¥ ko 10. 7.13 75.14

AMIANTAUUNIINYAY
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Figure 4.3 Effect of hydro ure range of 0-200 psi on product
composition 45 es of reaction time and
1.0 % Ni-Mo/Al,O4€a
Table 4.3 and Figure 4. Qw-ine effe ' variation of initial hydrogen pressure

from 0-200 psi on the hydrocrackin wf ) ubricating oil with 1.0% Ni-Mo/Al,O,

A A

catalyst at reaction time ‘_______‘____“A :J_;- °C. It noticed that the
TNPPS— 3\
pressure increased from d and naphtha increased from

83.78% to 85.64% and 22 " to 36.15%, respectively. It w observed obviously that the
role of hydrogen g %( nt. When hydrogen
concentration incrﬂeﬁ iﬁﬂﬂ ﬂaﬂlﬁ?w increasing more
hydrogen free radlcal Thus catalytic craékin could b&%occurre al cracking at
100 psi of ﬂlam/’la‘lﬂfﬂ 5 m ﬂlﬁiﬂwlgtmrﬂ ﬁ/ﬁ %]pressure was
increased from 100 to 200 psi, the %yield of liquid and naphtha was decreased from
85.64% to 75.14% and 36.15% to 20.30%, respectively. But the gases and solids were

slightly increased from 13.15% to 17.13% and 1.21% to 7.13%, respectively. It seemed that

the pressure at 100 psi was the best condition.
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In conclusion, the optimum initial hydrogen pressure condition was 100 psi,
because this presure gave the highest yield of oil 85.64%, % recovery of naphtha and

kerosene was 36.15% and 11.49% respectively.

4.1.2.2 Effect of initial hydrogen pressure on light oil composition for HZSM-5

catalyst

\~\L:\:ﬂ" %6 ‘

pressures: 100, 150 and 200 p S ——— }
450 ° C and fixing reaction( The ¢ ions of products from catalytic

sure were shown in Table 4.4

Table 4.4 Effect of initial hyd €.0r ' odutt co sition at 450 °C of reaction
temperature, 60 min ac) a HZSM-5 catalyst.

initial i | )
pressure |Gas product : Solid Qil Product
(psi) (% Yield) | napl ! 11 he residue | (%Yield) | (% Yield)
blank 11.42 2064 Tfl 7. 32.91 6.83 81.75
100 12.33 34.87 11.03 19.34 221 85.46
Fai
150 13.83 -13 i 1.64 84.53
200 14.40 %5.76 11.22 11.01 22.18 2.70 82.90
Qs
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Figure 4.4 Effect of hydrocragking ( ogen pres e of 0- 200 psi on product
*.r
composition at 450 4C of re cﬁ) erm ninutes of reaction time and
0.5 %HZSM-5 catalys & ;71 =
A‘i’lﬂ"ﬁ;n
Table 4.4 and Figure 4.4 sho 36E0fy variation of initial hydrogen pressure

range from 0-200 psi on P&roe initial hydrogen pressure was

responsible to the catalyt J the pressure increased,
the % yield of light oil, ﬂphtha and Kerosene were mx@ased while long residues

decreased. In cases of mnhalfudrogen pressuréld to 100 ﬁl the percentage of naphtha

more increased ol bORIEb &4 bishddr b tdes ]

percentage of naph‘Ha slightly decreaséd to 31.49%g,when increased initial hydrogen

pressure toaowﬂea;?ﬂeﬂ:ﬁmau ]ﬂﬂ‘g mtﬂaea IE]mally HZSM-5

gave protons from the structural surface of zeoilte to long chain hydrocarbon for

reased to 150 psi the

hydrocracking and these hydrogen compensated at the surface by hydrogen feed. These
expressed that catalytic cracking take place very well at higher pressure of hydrogen. It

seemed pressure 100 psi was the best condition.
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In conclusion, initial pressure of hydrogen has an impact on the amount of naphtha,
kerosene and gas oil with its suitable value of pressure was 100 psi giving 34.87% of

naphtha, 11.03% of kerosene and 20.22% of gas oil.

4.1.3 Effect of reaction time on light oil composition.

4.1.3.1 Effect of reac or Ni-Mo/alumina.

The study of the ed by various reaction time at

30, 45, 60 and 90 min atalyst under initial hydrogen
pressure 100 psi and fixi lhe compositions of products
from catalytic hydrocrackin fi 3 frea time were shown in Table 4.5

and Figure 4.5.

Table 4.5 Effect of reaction time on prodict compesition at 450 °C of reaction temperature,
2T
100 psi of initial hye
\r

Reaction

time Gas product Solid Oil Product

gii"‘bﬂ’eque (%Yield) (% Yield)

(minutes) (% Yield)

30 18.45 ! g 9.60 20.48 422 77.33
— , 4

45 -8 ; 1 65 '8 i4 81.11

60 ®.30 28.15 7.39 8.27 7.45 32.08 4.36 83.34

13.15 36.15 11.49 11.21 8.77 18.02 1.21 85.64

120 14.45 33.76 9.88 8.97 9.32 20.32 3.31 82.24
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Figure 4.5 Effect of hydrocracking geactionfirme. Age of 30-120 minutes on product

composition at 450 °C'of r e, psi of initial hydrogen

pressure and 1.0 % Ni

_\:
From Table 4.5 andﬁgu : en tm reaction time increased from
30 to 90 minutes, the % yield o.t &ht oil and % nag}tha increased from 77.33% to 85.64% and

27.11% to 36.15% ﬁpﬂﬂ’}%ﬂ%/ﬁoﬁﬂﬂbﬂ@e same quantities. But

solides were slightiflldecreased, it has not responded to hydrocrackmg process. After
reaction tmﬂvﬁrﬁrmﬁm\/ﬁmﬂrﬂm aﬂEll and % naphtha
decreased fran 85.64% to 82.24% and 36.15% to 33.75% respectively, in the contrast we
noticed the gases and solid were increased. The experiments were fixed the temperature and
pressure hydrogen, so the thermal and catalytic crackings were occurred the same

phenomena when the reaction time increased to 90 minutes. We obtained the maximum %
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yield, % naphtha and lowest % solide, it means that this condition cause, thermal cracking
(changing long chain hydrocarbon to short chain) corresponding to catalytic the moderate
chain hydrocarbon. When the reaction time more than 90 minutes the catalytic reaction was
neary faster than thermal cracking and long time also caused coking at the surface of
catalyst; as result we observed the % naphtha and % yield of light oil product were

decreased.

pinutes, because this time gave the

36.15% at condition of 450 °C of

4.1.3.2 Effect of reaction time.¢ il p0sition for HZSM-5 catalyst
The study of the fea ne on the | Process of used lubricating oil

with HZSM-5 catalyst wa \"i : Bedction times at 30, 60 and 90

T
minutes by using 0.5 % + M 5 catalyst at reaction tempe r ture 450 ° C and fixing initial

hydrogen pressure at 100 g.ﬁhe compositiofis’ of products from catalytic hydrocracking

AWNININENR s
q RIAINTUURIINYANY

process as a functlﬂ



Table 4.6 Effect of reaction time on product composition at 450 °C of reaction

85

temperature,100 psi of initial hydrogen pressure and 0.5 % HZSM-5 catalyst.

Qil products (% recovered)

O gas [ naphtha

B ks

Reaction
time Gas product Solid Oil Product
(minutes) | (% Yield) | naphtha | kerosene | light gas oil | heavy gas oil | long residue | (%Yield) | (% Yield)
30 12.20 25.86 10.13 11.79 10.90 23.34 5.78 82.02
60 12.33 34.87 11.03 8.73 19.34 221 85.46
90 12.55 22.95 8. 28.99 6.66 80.79
/ ——
II Nz \\‘:&\
90 | 1255 28.99 g
m B
: Illg ..\\\\\
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Figure 4.6 Effect of hyidrocracking reaction tlme range of 30—90 minutes on product
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From Table 4.6 and Figure 4.6, it showed that when the reaction time increased from
30 to 60 minutes, % yield of light oil and % naphtha increased from 82.02% to 85.46% and
25.86% to 34.87% respectively, whereas other components being the same quantities. After
reaction time more 60 minutes, % yield of light oil and % naphtha were decreased from
85.46% to 80.79% and 34.87% to 22.95% respectively, whereas noticed the gases and solid
were slightly increased, because thermal cracking was well developed more than catalytic

cracking namely, the light oil product increaseds The solid was increased with time because

W\

the more reaction time, the more coke deve / :urface of catalyst. The coke deposits

ing the HZSM-5 catalyst.

In conclusion, the / i \ 3 \ nutes, because this time gave

the highest % yield of li aphtfia_a8'34.87%, but it gave a slighlty

residue.

4 1.4 Effect of amount of catal

The study of the amo ydrocracking process of used

lubricating oil with Ni-Mo/ALLO, and-HZSM-5 ts was performed by operating at
2Y3 ____W
various conditions.

o~ Y]

4.1.4.1 Effect of amm
The study (ﬁﬁjﬂ?ﬁuyﬁ Z‘:a ;it)ﬂ@jby various amounts of
catalyst at 0.0, 1.0,13 Ni . ﬁt imitial hydrogen pressure

U
100 psi at reaction time 90 minutes %t fixing reaGtion temperatdté at 450 °C. The

composmoq'oméla NT Ll P dod WL EL LN of amourt o

catalyst were shown in Table 4.7 and Figure 4.7.

|
nt of catalyst on light oil composiion for Ni-Mo/alumina.
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Table 4.7 Effect of amount of Ni-Mo on Alumina on product composition at 450 °C of reaction

temperature, 100 psi of initial hydrogen pressure and 90 minutes of reaction time.

% Catalyst

% of catalyst| Gas product Oil products (% recovered) Solid Oil Product
Ni-Mo/ALLO,)| (% Yield) (%Yield) | (% Yield)
naphtha | kerosene | light gasoil | heavy gasoil | long residue
blank 14.04 27.70 12.36 12.98 10.14 18.04 4.74 81.21
1.0 13.15 36.15 11.49 8.77 18.02 1.21 85.64
3.0 14.18 33.45 8.51 21.94 2.83 82.99
5.0 5.56 30.09 15.78 13.28 81.16

N iﬂﬁfiﬁiﬂﬂﬁ?%ﬂﬂ’m d

Figure 4.7 Effect of hydrocracking percent by weight of Ni-Mo on alumina range of 0.0-5.0%

on product composition at 450 °C of reaction temperature, 90 minutes of reaction

time and 100 psi of initial hydrogen pressure.
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The product composition changed with percent by weight of catalyst. It showed in
Table 4.7 and Figure 4.7, when increased percent by weight of catalyst from 0.0% to 1.0%,
yield of liquid and % naphtha were increased from 81.21% to 85.64% and 27.70% to
36.15%, respectively. Because ratio of sample per catalyst was increased, many molecules
of sample attacked to catalyst became high product. When the percentage of catalyst was
increased from 1.0% to 5.0%, yield of liquid and % naphtha were decreased from 85.64% to

81.16%and 36.15% to 30.09% respectivelyiwhegeas solid increases from 1.21% to 13.28%.

When using higher percent by weight of catalysifvé ve higher possibility contaction of
catalyst with lubricating oil. As réstitst-caused ra 6king more than rate of cracking. So
we observed the increasing at highest.mass'of catalyst as 5%.

N

In conclusion the ant for the product selectivity.

In this case, 1.0% by wei . o yield of light oil as 85.64%

and % naphtha as 36.15%, b

4.1.4.2 Effect of amount osition for HZSM-5 catalyst.

The study of amount of catatystwa ned by various amount of catalyst at

0.0%, 0.1%, 0.3%, 0.5%( dhc HZSM déc ) initial hydrogen pressure
7 ——

100 psi at reaction \f te perature as 450 °C. The

T

compositions of products Emn catalytic hydrocracking J:‘J. as a function of amount of

YN weIng
RIAN TN INGINY

catalyst were showrﬁ Table f
U
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Table 4.8 Effect of amount of HZSM-5 catalyst on product composition at 450 °C of reaction

temperature, 100 psi of initial hydrogen pressure and 60 minutes of reaction time.

Qil products (% recovered)
% of catalyst|Gas product Solid (%Yield)| Oil Product
(HZSM-5) (% Yield) |naphtha| kerosene [light gas oil| heavy gasoil | long residue (% Yield)
blank 15.84 33.75 7.33 8.08 7.99 22.81 1.37 79.96
0.1 12.62 33.54 10.37 1 - 8.87 21.68 2.30 85.08
0.3 15.97 34.32 7.91 21.84 2.65 81.38
0.5 12.33 | 3487 | 11108 1.49 19.34 2.21 85.46
0.6 20.50 22.83 87 20.47 16.81 62.69
e 40
060 2050 [ . L& 2047 | s
4 ﬂl}i‘-l
050 1233 | 14.19
g i T
2 030 1597 I = 2184 Iﬁ
9 o
X {] A
..:?# -
0.10 1262 | 2168
0.00 15.84 | 2281
B ﬂﬁ?l‘lﬂ?lwgl”f‘im o
[ L L] - - L] -
; ! O gas Dna [ kerosene -Ilghtgasoul .heavygasoul [ 1ong residue [ solid
5 L u——

Figure 4.8 Effect of hydrocracking percent by weight of HZSM-5 catalyst range of 0.0-0.6%

on product composition at 450 °C of reaction temperature, 60 minutes of reaction

time and 100 psi of initial hydrogen pressure.
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From Table 4.8 and Figure 4.8, it showed that when the percent by weight of HZSM-5
catalyst was increased from 0.0 to 0.5%, the % light oil product and naphtha were increased
from 79.96% to 85.46% and 33.75% to 34.87%, respectively until percent by weight of
catalyst at 0.6 %, the % naphtha more decreased to 22.83%, but gases and solid were many
increased from 12.33% to 20.50% and 2.21% to 16.81%, respectively. It means that when use

the higher amount of catalyst was used, the highest possibility contaction of catalyst with

In conclusion the optimUfi~of @HZSM-S catalyst was 0.5%, it

given the highest 85.46% of wi naphtha D3% kerosene, 20.22% gas oil

and 2.21% solid.

4.2 Comparison of efficienc
The comparison of ALO, and HZSM-5 catalysts
presented with condition of nd product composition were

shown in Table 4.9.

I

AULINENINYINg
AN TUNNINGAY
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Table 4.9 Comparison efficiency of 2 kinds of catalysts Ni-Mo/Al,O, and HZSM-5

Kinds of catalyst
Discription Ni-Mo/ALO, HZSM-5
Condition
Reaction Temperature (0 C) 450 450
Initial Hydrogen Pressure (psi) 100 100
Reaction Time (minutes) 60
Percentage of Catalyst (wt% ) 0.5
Results
Oil Products (Wt%) 85.46
- naphtha 34.87
- kerosene 11.03
- light gas il 11.49
- heavy gas ol 8.73
- long residue 19.34
Gas Products (wt%) 12.33
Solid Products (Wt%) 2.21

To comparison effigi d-HZSM-5 using to convert used

‘d
] J

0/AlL,O,. Because it used less=feaction time and percentage of

T 3e) ?;T (e i B
AT INgS

lubricating oil to light o d that HZSM-5 shows better

efficiency catalyst than Ni
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4.3 Comparison of this work with other works
The comparison of work with Farouq A.A. et al. [38] was presented with fractions of

oils, gases and yield of gasoline in terms of wt% in Table 4.10.

Table 4.10 Comparison of this work with Farouq A.A. et al. (2003)

Discription Faroug A.A. et al. (2003)
Raw Material Palm oil
Catalyst HZSM-5
Condition
Temperature 450 °C
Results
Oils (Wt%) 90-95
Gases (Wt%) 11-25
Naphtha or Gasoline (wt%) | 38-47
Faroug A.A. et al. studied 'JHQL‘&Z : pposite catalysts in palm oil cracking

for the production of liquid. performed under nitrogen gas

— T

over the catalyst at -“5":'» €
I

ne reactor was _‘,l d to the desired reaction

temperature under nittogen ﬁ ﬁwﬁ gmofww(lf]:". Tfi flm oil was fed using a
syring pump and oiléﬁuiilt io®f 7.2. Exc alje ‘ ’r]u Al et al. gave 90-95% of
oil yield whereas this work gave 85.46% of oil yield&Fhis result carfkbe explained that

Faro’s m%ﬁa AN bbb /o i W bedeb Ehroucis minoo

was used continuous cracking process, but this work was used batch cracking process

450 °C and weight hourly
space velocity (WHSV) oﬂ.s hr.

therefore this work have losed oil products in during process.
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