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A Study on the Desulfurization of Petroleum Cokes by
Microwave Heating

Min-Gyu Park - Tee -Won Kang*
Department of Chemical Engineering,
Kongju National University
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ABSTRACT : Petcokes is the final product obtained from a refinery process. This petcokes includes
high percentage of inorganic and sulfur compounds. Currently, the petcokes produced from domestic
refinery plants include more than 6% of sulfur. To use petcokes as valuable raw materials, the weight
percentage of sulfur must be lower than 2% of sulfur. Solvent extraction, thermal desulfurization, and
hydro-desulfurization have been used to remove the sulfur. In this study, we attempted new approach to
remove the sulfur introducing microwave energy. Microwave increase the reaction rates by providing the
fast heating and disconnecting the bonding structure of the molecules. The experiments of microwave
thermal desulfurization and microwave plus hydrogen gas were cartied out to remove the sulfur. We
obtained 68.3% of sulfur removal rate with the 2 hours of reaction time and 1835 W of microwave power.
In the experiment of microwave with hydrogen gas, we obtained 86.4% of sulfur remeval rate with the 1.5
hours of reaction time and 1835 W of microwave power. If we increase reaction time or decrease the
particle size of petcokes, we expect more than 90% of sulfur removai.
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Fig. 1. Microwave experimental equipment.
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Fig. 2. Temperature change depending on MW
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5

40

0

(%)

20

140

1}

200 400 Gi‘)o SCIH?I |D‘OG |2l00 !&'EID IEIUQ 1800 2000
& powerlW)

Fig. 3. Desuifurization rate depending on MW

absorption power.



BFATR S )| 15

Fig. 4.& 1500WollA Algtel]l 2 &3&8 B
o F Atk Al7ke] Frhgel wEkd BF2-EE F7)
Fhy A EEEL 3 Holnh 0)3le 1500W
E FFYL o #k87) el 2:7h 1200T0)8E
g3t Q7Ee FEH 2EE FFEA 237 0
Folt}h.

Fig. 5.& &4% powers} 1835WY ] A|ztol
oE SHES o Frh 1835WHA 24 7HS TR
A3 683%9 EHES <& + AATH ojvf ¥
£7) £E& o 1300T )T

12
MW : 1500W
1] N::ll/min
£ o
o
o
w6
4
2 r . :
1 2 3 4
Timeth)
Fig. 4. Desulfurization rate depending on time at
1500w,
B0
MW ; 1835W
7o{ Nz:lt/min
£ ®1
o
w
o 504
FT
] . .
o 1 2
Tima(h) .
Fig. 5. Desulfurization rate depending on time at
1835W.

32 =4 7t 2% 44
clo]ZZ HolE powerE 500W, 900W, 1100W,
1300W, 1500W, 2000W, 250W= WA 70 45

hstgich #28 ¢ 1/mn, darknd ge

1/ min &2 3083 A¥E Pt ROWHME A
el e w3 4¥8E g

Fig 62 mlojazsolE B 47 E8A
B4 powerd mE @3&E RoFs TLolch
& powerZ} 1200W ©)3} Y me E3E0] 20%F
gz 23t 9tk o]AL 1200Welslel 4= cokesE
Rel B8 ge] girtsek wgste HSFHE
FAH[GE oA H2Se) Z2Fo] E8)7F HBAM cokes
o} 3fo) AgYstr] wWFolvk a2 o] 2&(1000-120
0Ty Bo] gt At A& GFE
B2 vines oz ¢2A ok 2y powert
1800W ool Me @&go] oF 68%A4x7t €d.
1800W olaeME 2%7F MCTAHEE EolAY)
g2 AAGHEe 7 @428 st &
Eopgrh

olRjgte 2 Fig 72 {4 powers} 1100W
W £4E H7REe N7l weld A das)
1835W o w A7 71Q, 2z 1835WelA o}
olZZdelByrE A7HIE oo AFRE BnY 2
#Zojr}. Fig 7914 RE EFFE< powerst 1100W
dMe E3E A FEI LE(140TINE AT
812 ®3ivh. 397 o AYIHoE @3o] ¢
He ez veEhiglich a2y A 02 gt
RS ATl AdF R BolgE ¢ 3ok

¢ powerZ} 1835Wo|ae M= 2= 71 1450C
ol4fol 22 ¥I-E A 2US BE{PG. T
2o @Ego] 65%el o s HIH &S ¥ F
Atk F4& 1/min g FF3D 12170 302S w4
AL o HAEL 864%E & 4 AAG A A
TbE 2470l & AL "] N%old F o
B o]k 4 power’t 1100Wel 1835We o}
2387 2YZE B 1835We] AY ARs 9%
3] F2L 4 5 Uk 1100WAME 3471L 71 E5)
5 2EE0] 20%E dA Bl 1835WE 142 30
Fohol] 86%01de] @¥go| dojztth ofRL wio
A2 Yol F4 a9zt 1100Wd o) wigrle] 2%
7H 12000 whdel &5 397} 1835wWe d= &
E7F 450T 2 Eobd =ed sdBolu AFYH
CS AL FoE + A7l W Eolvh 1835WolN 5
AE HUIY d4¥a FUEA g d49¢ BRdE %

HYI)E M8 M1z



16 vto]ZZYolB 7hgol 2P HF Baxe] R FF A7

28 WA 490 £8E ¢ F U IR B
g o) $49 AYFoTH B¥ol FAEL %
29 gol wgAlel WASE IE TaA WS
57} 50T BolH WS FAA7)7) WEoTh

70

H::! 1/min

E (%)

200 4-&) le' &;ﬂ ﬂf;m 12‘00 14.00 1'3‘00 18‘00 2000
&+ power(W)

Fig. 6. Hydrodesulfurization rate depending on

MW absorption power.

1040

» —&— 1100w + Hy 1limin
Ao o ~ SO 1835W
A —— 1BISW + H lithin

I o

0 4 o

@ ¥ (%)

40 4

20

o |I 2 3 4
Time(h)

Fig. 7. Comparison of desulfurization rate.

3.3 Az]jz 49

2o e die A B 489E 7
sk ®rlze] 22E 500TAA 1200072 10
0ride s A% 48 A 308 4+ 2
HAs 45-80 A2 FAlE 4, d47bRE 1/ min
22 FEFEHAS

Fig. 8.2 A7|2Ae 7}E3 vielIZ 2 4|0|B
el 7ld S v refzejc} i Zoftx BE
o] 2o wehr BF Lo FAES & & 9 2
2} 800TolA R EH 1000T Aol A= 2880 3}
23E vellisd o|RAL o] £x PHAA Fo

CLEAN TECHNOLOGY Vol8 No.1

BlubEolu WURH ZAfstd AR duy IAYE
< 9E7] fFLE AR 1200C7A ol 43
g Zed oA AME Hr2e) Alge] HA
1200C7HA 2570 877] WEelth

F A9 FAs viud W F AY 25 €8
go] Y&g ¢ & Aok o)A/ olF= 4F Aol
3R ez #ely, cokesd] F&7F w9 FE(Fig 9)
2 Flojglold Zate] ojgy| wj etk EF HH
AHgEE M4 A2 AR AVE FH) HESE
oAk

a2t gukE¢l JHERThs ololaz go] B oA
9] 7ldel €de] At 5S¢ F Utk 4R/ =
Az Ao ZRe HPLE9 HE&E T FTE
uh=d| vlelazgolHe] g F&ET 7Fgo] H7)Ee
el 7184 Bol wED nlo|ag o) Hrt vHE-E9
W5z 153l C5 2FE B2 ez Ak

50

—e— convantional heating
& 4 | -9 microwave heatng

30

LS (%)

10 A

400 600 00 1000 1200 1400

Temperatura("C})
Fig. 8. Comparison of desulfurization rate between
electric and microwave heating,.

10

Fig. 9. SEM photograph of petcoke.



% F-B A 17

4.4 £

ofolZZ Yol BHE AlEEa EF YFL £
A% F< powerl 1800W o|’dolide bed &7
1400Colte 2 Letr) gdd FHI 2ol HA
on, 1835WellA 2128 71a S A3 68.3%<] 8%
&L 9& & AN slo]lAZHYolBE F5 power?}
1200W o]alel| A= bed £ E7} 12007 ol3l2 W&
g5 9 wgch Zu YS9 244 AVEE
o| 23 & 2o vl vle]AZHo|HE o
T o g% B} 2 €%&S BRAFATh ool
azgels sigel £1F Iristd d4¥F AR
183°WE kg7l FF5 A& W =7t 1450T
ojg uEldich clolaZgelE F4  power
1835Wet £42 1/mine 2 sl 1413 30%
S 7hd & A 864% @RS VehlUTh e
AzHe 247 o|go s TRiFd W%olde] #is
S 48 & e 4. F30 kY
g 98 Ee Y9 Aoe B IRE B 4
oM AHEE H{ maze] 470l ¥353 21
Hal Alghe] LT B/ 6832%9 864%2
FEL de AL & sHold Atk dHE 8

I 53D A MF Faro HAF YAc] 56
ol A 1X7F 3088 vk A)Her o 83%9] VLS
Holgh wle)azgelanloz MY 3 A
B 9 g4AA-71aA, nA S84, 493 F
ZA 9 Ar g Brbesirh. 2y ERANE F
gA sz YA 27 GemeltHE E¢9E, A
o] 7hz3telel Azre] Het

F4£Z A AEdA ma2d dolde #

o] 0.85%2 yIEAL HAE A7 .78 E

¢

o

n}

ATeEQ) 082%F WEAZL & lof stEAY HE
ZFAZ AHgol 7Hedth 2l @EAZte] 243
ooz dAgstd N% ol #E AA F 5 U
o] 1A FHAY BAHF T2 ARl 7HEEA
Elg} Alzdoth

#dAle 2

¥ @TE FRUMR AAAEEALAATA
HRRC/NMR)Z2E @7l Age) ol 5352
o] ojo) ZAEYUTh

Hag#

1. HAH. Tbrahim and B.I. Morsi, "Desulfurization
of petroleum cokes : A review", Ind. Eng
Chem. Res., 31, 1835(1992)

2. o}AlFE %] 821, “Petroleum CokesE H-E| 2] €3]
2 Mdel TE FF HIA”, 1A%, (1995)

3. N. El-Kaddah and SY. Ezz, "Thermal desul-
furization of ulira-high sulfur petreleum coke”,
Fuel, 52, 128(1973) _

4. RB. Masen, "Hydrodesulfurization of coke”, I &
EC, 51{9), 1027(1959)

5. . Mochida, T. Marutsuka, T. Fruno, Y. Korai
and H. Fuitsu, "Hydrodesulfurization of petroleum
cokes”, High Temerature-tigh Pressure, 19,
545(1987)

6. Eric L. Tollefson, "Hydredesulfurization of
Athabasca Fluid Cokeconversion and Mechanism”,
Can. ]J. Chem. Eng. 73(April), 211{1995}

HEV|= AH8A M=



