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ABSTRACT

An electric arc cracking reaclor is developed for the production of 1cusable fuel gas by the thermal destruction of waste
oil. The characieristics of product gas and 1esidues from arc cracking of waste lubricating oil are studied. The product gas
is mainly composed of hydiogen (35~40%), acetylene (13-20%), ethylene {3~1%) and olher hydracarbons. The centent of
carbon monoxide, one of the main product in a conventional low-temperature thermal cracking umt, 15 very small in Lhis
are cracking experiment. Total caloufic value of product gas shows 11,000~13.000 keal/kg, which is high cnough to use

z fucl gas. and the concentralions of loxic gases are well below the regulatory emission critena The GC/MS unalysis
of liquid-phase residues shows that the high molecular weight hydrocarbons in the waste oil arc cracked mto the Jow malec-
ular weight hydrocarbons and hydrogen. The dehydrogenation 1s found 1o be the main cracking reaction due 1o the high
temperalure mduced by electric arc. The average particle size of soot as the solid-phase residne is 10 3 um. and the conlents
of carbon and heavy metals are above 60% and under 0.01 ppin, respectively. The utilization of sool, as an industrial
resource seems 1o be [easible alter refining.
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Table 1. Characteristics of fresh and waste oils
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Fresh Qil Waste Oil before Reaction
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Fig. 2. Schemalic diagram of expeiimental arc cracking
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lesult
kg E 1

Before New Oil 0327 35.2 115
Cracking Waste Ohi 0.289 320 0.94a
A Upper 0076 27 n 0.60
Cl_’“‘lf‘ ) Middle 0058 217 05
aeking Lower D067 212 038
Sool 200~300°C 0.067 47 297
300~400°C 0.041 9.5 .07




JEERRIS] oL T deml W AREN M g

Tuble 361 % 5 9F0] WA AfRT HF A
F9) WhgALel B3 ohdA) Gl ol v
&% IR0t 490 E o BT 2 STan

Hgre] #)G-2t vheTe) AfEsE 1A gelsi
=2 ezl Aol 2EA 9 HE 2uE 27 ¢
5] TLC(Thin Layer Chromatography) 498 2A)&ks
vhool FEF|EE d)Fi, b =el® 10em,
& ¥ UV 254 nm, A ZE 1ugs Aredr.

TLCE £%59 ¥ Euiigez 2 dAgs 23
A o) FEke] Aol sigt Aelt). BEelde

Faze] wEl ol FERM:nm of flowye =
daled 2 Fde] o SHEAANE BHEH, o)5E
— ¥

wo| Aol wlel EHES BBk Rige T
Zol

-
&

2401373

RE = S T el A e &

A AR wel SAT B5Ae] BAg AR

s ER T BRS THE ARe| 446 uel
=

= T YR WS, 9L, Pz, B

TE 52 B WIHEEY W, Bed 0
Fome parl S Qgon, FUEDH #1948
o

& Eslel dgsl ¥ Aal ojgeprleeles) w92

e B Lo

cgz]a]g._ B2k &zl

T o,

g AR B 4y

AR 2% 2e

k=]

s

&

24 o3 Ealrrgo)s|

Felo) 9A Were A

b k3 (dehydrogenation)el] 2J&] ok

"I:".__
| Regee Ael7l sk e
| Aolg vEjRE o%
ot

Hat 2FHAl=E RE
L EFxsHE 020004 0278

A, SUY A EH)

g 2zt 7k 2 =9

A8 2= Tl 2 9

o4

S| wabd HeeA
1301 AufEeln] o]z whgLw

7} 2&TE AW, WikEo

ko A~ Q:MH%E]_I‘S)]S

w=T1

=
He| Af #Af=
3,

o GAEE Aoz 24D 5 i
sl GC/MS(HPSRI0GC
HPSOTIMSD)E |83k Balsigich A=) 4o
so] B2elEHL o

BEe 4R

FHEES 098

o232

B39
=

&

Fresh Cul Wasle Qil before Reaction Waste Qil after Reaction
AL T ATNGE IiE‘E‘ L
- :{\ e o MEiJ %ﬁ
w - i o Sk
VIEAE| Jllrl 3= HH T‘T} IL ‘{
! i | 3 e H i
e E * nh "
: T BERF T ' e E’! Ah
e a;h 'i“ . 1 &
| a2 ! AU E
e T il I‘\f te ,{ L
! o - ] ;
=T ! L, nEser T ] ol ..h :‘
i ) ) \
1 - E‘ wa . o | l
TEut ! s o
. i ‘ "r . TEW .
Yo I A B o b
& "- | I b
seid : | nf‘k i i )
| { LI o b » '
e T L | )y | A "
' E13d 4 1
i 3 1‘11“ , :'] ! ! 3, \I
b \ =5 : Y ‘
| Y R ! .
i : K\ A i \
’ \ 45 e ’ul ) g
1B« " N 4 " E itwlﬁ ﬁ,‘[_ # .
0 \L_ M h i
i e ; " J oi % B 5 ® 5 &
W B % om oW A U w o

LI

Fig. 6. GC chromatogram of cils in hexane layer.

AglEldelZE 4 § W A 5=

, 1999



40 LR -

Fresh Qil

WIER - ik

Waste O1] before Reaction

- e - R

Waste Qil after Reaction

TR

JEG.'IL’

- I IEE

%5

-

i‘( 1
|
o
1818

15 3 ] “w

Fig. 7. GC chromatogram of oils i

71 8 =49 viekE 3migl 9499 @4 3misS
we gl 05 mie] AEE Wo] ZEoFE E 24
T A sk 9AE] FEele AR F vesEs
== FEEle] Goo T FIEEn. 6o Eaede
£18 AEAE e 28 2Yse], 28 Hp-
Ultra 1{50 m3 0.20 mm>< 0,33 mm)E AR5l 74

7IMSDel 2712 EM voltage 2700, Mass range 40
~700 amu, Threshold 150, modes Scan AREEL)
A7 A= Fug 67 790 Ve der Hle] 32
MR o] dEAEAY AR FAEA VR,
APRHE JEE EFES BY ARAA/) b=
olE=2 kA A4 BeElgadge| AEEAES
ag = el

A7 HB7)Fe] o] -S40

ol
3

3 i
W 2
iy
o
PR
1l <
5 o
£y 4 R
> Fﬂ o
3 N
o 2
Qw = 8
é et
v W
i e &

= ,nlm o3P
o 2 Ty o
O g
to i s ol

jn}

gL e
c% L G
iy W

VQ'.JEQ
e
Mg
o
b o
ot o
jmi,n%
EELI
i, e B
M x
il 2
oo
o L=
i b
iy s
B
o
o g 2
o 2 oge
3 r
nif%érlﬂ
fn
2

L4
ol
0y
or
E
4
=
It
X,
=2
1o
2

J. of Korean Inst. Resources Recyeling Vol 8. Na. 5, 1999

e ;;?-:mm O

N2 . /o

/ ~ \ ll r / i ‘7/ ,/
J lkO oI

S NN

(3) (3) €]

Fig. 8. Molecnfar structures ol various oil compounds in
methanol layer.

EEAEE £ F vk Fe 38 WEg2FdA] ded
=42 ¢ & BT JoZ Fig 89 (Y (2
Ao, Gy (41_ ‘W Frold el A g-olct
Table 4ol WighE &g ;S%}"Eﬂ"q?]oﬂ 25 HE
AEE ElF d%ﬂ AEES ¥ A4 Ald
7P EA3] e AT L}E]‘—H%I%EH, Tﬂ'%l%v»% EI‘—%

Sk

K2

e 7)gurks A Bel WEE @79 o
ST s AEEE @ A ol z;ww
el A8 ES 2% 542 W

AozA AL BE
sh 9 §10) AEH )7}

) 001'

jo or rr

AN Yo Hue A

sheaglel AnEgl WsE ey 4% % 5 el
X AT Aol R BN eTe] Ffelx A
23 B0 o vehta 982 9 An

323, ™l (zoon?] B4
kg AFEQ Adle] 849 94E 38 dde] 5

i
ARNg ALY, 24 9l TRETel EAleks



[anleike] o) St Snth 2 A

Table 4. Chemical compounds of oils 1 methanol layer
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Fig. 9. Size distribution of soot particles from arc cracking process.

Table 6. Heavy metals m oils and soot

Ttems Fresh Qil Waste Oil Soot
Cr 52 6.4 < 0 01_‘
Pb 21.0 35.0 < Q.1
MNi 80 70 < 0.01
Mn 0.3 1.2 0.04
Al 230 31.0 01
Ca 1,999 020 01
Zn 792 432 0.3
Cd 32 3.3 < D.0I
Ba 19 54 < 0.01
Fe 19.0 34.0 12
\'% 2.0 1.8 < 0.0
L Cu 8.0 14 < 0,01

{Instrument : ICP/Unit ppm)
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