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Abstract— Effect of washing conditions on the desulfurization and demineralization from petroleum coke were investi-
gated in the leaching process with molten caustic. Washing the petroleum coke with water could remove 99.4 % of sulfur,
but the ash content increased more than twice due to the remaining sodium in the coke matrix. Caustic could exclude min-
eral matter such as Si, Al and V which form water soluble sodium salt, but the basic inorganic(Na, K, Fe etc.) could be ex-
cluded only by the acid treatment. Because the removing sulfur reacts with coke to form more stable inorganic sulfur com-
pounds, the total sulfur must be expressed by the sum of the sulfur analyzed by the sulfur analyzer and by the ash analyzer.
If the acid treatment was conducted with low acid concentration, the decrease in the amount of sulfur content in ash was not
satis- factory and needed 0.3 N acid to remove these. Surface area increased from 3.8 to 1,200 m?/g after treatment with caus-
tic, and it was affected by acid treatment that the maximum surface area appeared at the acid concentration of 0.3 N.

Key words : Molten Caustic Leaching, Desulfurization, Chemical Activation

1. M 2 && o4 T3} FIA(11, 12] m= Gake] FLE o)Lyl 3}she]
A2][13-15] Fo] 9ir}.

AfrEtasE AR ARabgeld AYEE HERazolg) A FILPIL EAshe FAEE B2 o =3t mercaptany]
FHFbEol7] vl ol FAE Y 38 So] 2=e] gloja] e B2 (thiophene)?} 2-& §7)3}0)7] W) o} Za)d upo g
Aot FAdg, AN 7R Ex wgIeAa = AAZE o2 $-0] 2.2.9) Ao} Sarsieba) sjetd wy = 2
ol °18:3k7] #lsiMe 3 A Ashodo} ghu}. Aol vlad Zhat Wi go] A7Eo] Stok. dRso} Sas wy

AFZPILE o2 A A7, BES IR gy e
i BoNFE[1], SALRH24), FDR(5-10] 207 D] T

776

A FAA E8E 0% 22 Fol7] AMAE 1,500°C o] 4]
W02 AejatAH24] UR271E d0pumolstE shejol g



F87Hdact A2l 8 H4neas DRTHAN AR 3 777

[10]. ool vl &) W] M Lol & 8%} AASIE Ao &
A gl Wb shsk Aejubyal $-§7Hd 4 IEH (Molten
Caustic Leaching, MCL)o]t}[16,17).

$47MaT AL 47199 AAE B0 e ek
BAZA AT 322 A9olE, Akl EAlshe ¥ %BP“ o
2 A Qe Zo] dii-olr] "ol 715 H 2 52
) Hjejol A% A AA} Dek. Teit Hfrmzse) A gl
5ol A& 1422 A= F7]E (organically bound-
W3k 2 e Az

= 57 ]
ed inorganic)o]7| wj &l &g71d At A&
ol gjg)xxte] A A7} V55t

L§7HA A D} AEFA 4l 213 §7]3H) : thiophenic sulfur)?] A

A v B okt 218,
Thiophenic*S+2NaOH — Thiophenic*O+Na,S+H,0 1)
w3 AN 7P arte] Bl g S ohg) 2t
Na,S+CO,+H,0 — H,S+Na,CO, @
Na,C0O,+CaO+H,0 — CaCO,+2NaOH 3
E=
Na,S+CaO+H,0 — CaS+2NaOH “
oI Case 243k YAl 7ot CaSO2 Sl lalek

%, g7 33y "*w"r 25 Azlshd 3L NaSE
WE] Fofl 485 F7]| 52 4] B LAHE £ e49S Y
Azlo] AA=E AL Aol 28] A A=)

A7 ]ET AN = FAE] FAHLE ARo] BRset
AL I Qo mt Ao} A S F38HA = $AlE NaS, 5=
44 sodiumsd 283 AR M A F vjuke M ACE S
232 NE AAR] 17 Aok AAAL A{fIas T2
9] ke sodiumg AAFAL sodiumP-2 FA A = 1A &
71555 AAE7] $3 Aot

XF"/M a7 art AEUE A7 Aol A 2 Ak
AL A2 2 = F3)0] e =] o] o3}
ol hallA FFd oz A7 €l glot. & ApeAe 247 A
o AR HRIraseye g3shs Ao HAzA
2 AR AY2ANTPIM Af2tass g 3 A2 de z
el el AA ol o3t Hfz-$ase) AR Wsl, 53] W
3ho} Al ¥ AfIpase) AN S ds] 2adstaal ).

2.4 #

2-1. A|29} AlEuhy

Alg= FHA R AL A Ak AR $3 A AFslc) )
E {24348 ©F 60mesh(0.25 mm)yo) 512 451 Al-%—a}%i

2v] ARg3F 7P 4 2 AHHC)E GRFolch A4 10cm, o] 15
cm Z7)2 < 1L 35]9) ub7| (A :SUS 316 )2 o] &3} on)
W F AlEr) dasE AL B4R 8 297) e Ars
1L/min®] #3202 Eoiu W7 S5 b RelE o] 83)le 40mpmoe
2wkl

U8 {23~ 50g7} 7H4d 4tHE caustic/coke 8] (ratio)7} 3-4
7} H =8 &35l ukgAZch 255 IR lamp furnaceZ o] &3}
QI $24% 20 °C/minE 550 °C7Hx| 7} s} ony, 305147} vt
¥ Loz YAgch W4E At AYHHE AH s

350 °Ce] LB 6A 12417k £t Azxstgich

THatE AR A/E$3AE 0519 2/42 B 259

A 1082k AQS] A fzemrd e ok 7ML 2 Na,
SERCERYY S¢ $a14A I3ksisich. oAl 1L9)
FFAE B S5l A4 2 oi3hE 28] WA 227 A2
chE FE9) AHHC) £ 0SLE 27} 1087} MM F oh4) 1L
FF42 28 A4 2 43S B8 F AR,

2-2. BA

C, H, N®4& LECO CHN-1000 Elemental Analyzer, 3}-3}ek2
LECO SC-432DR Sulfur Analyzer, 3412 LECO TGA-501 Pro-
ximeter& o]-§-3}5ict. 2] 3 7Hd At Aol gk qlah 2 i
3} Philips®] XI1.-30 SEM(Scanning Electron Microscope)& ©]-8-3}
o FF3rh Y& Afrtaset ¥ AFe) v|gAY 24
L A4TtA F3bol| 23 BETH 2.8 Quantachrome Autosorb-1-< ©]
43le B3

s ¥ *]215‘ 253225 750 ‘CollA] 12417 o]
4 FE3] ABHAIA 38 Alzsta sl s x2]3E]Q] Micowave
System(CEM, model MDS-2000)& o]&-5}0] o A] CEMo||A] )| &+
3] 3#-%} 2]l (Application Note No. 6, Geochemical Section)el] o}&}
4f o2 Ho]A71F JY-38 PLUS Emission ICP(Inductively Couples
Plasma) spectrometer 2 771443 24 3}5ict.

3.8 Y @

3-1. M2j¥ =Ml W3

Table 16 A2 A 29220 243, 47H0 DETHL
2 AF 555 ARTANE AR 39 24, 2383 2755 A
AF 03N d4kez 1087 AR F9o] AL nlawslgc}.
Table 1o} el A= 550 °C, caustic/coke B](ratio) 4|4 1X]7}
2§k Ao|c}. Table 164 Bi= u}s} 7o) ZF4aro 2 AAsh=

Table 1. Compositional variations of petroleum coke with different

washing condition
.. Distilled water
Proximate(wt%) ~ Raw coke ~ Dioed water o i03N)
washing .
washing
Moisture 0.28 73 8.42
Volatile matter 13.24 21.04 16.75
Fixed carbon 85.23 68.69 74.69
Ash 1.25 2.97 0.14
Ultimate(wt%)
C 88.47 68.28 78.87
H 24 3.67 3.37
(o] 0.06 24.68 16.7
N 1.47 0.18 0.89
S 6.35 0.036 0.032
Ash(ppm)
Si 3160 42 19
Al 1170 - -
\" 2730 - 12
Fe 2740 2274 328
Na 1670 21219 55
Ca 430 364 : 24
K 300 261 22
Ni 290 735 143
S 14 834 253
Ti - 75 13
Total 12504 25804 869

leaching condition :550 °C, 60 min, caustic/coke=4
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Fig. 1. Variations of sulfur and ash content with acid concentration
in acid washing step.
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Fig. 2. Typical EDX spectra of ash from raw and MCL treated coke.
(A:raw coke, B, C, D:treated coke, B : water washing, C, D:0.3
N and 1.0N HCI treatment after water washing).
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Fig. 3. Variations of total sulfur contents in petroleum coke with acid
concentration.
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Table 2. Compositional variations of petroleum coke with acid concentration

Acid Proximate Ultimate
concentration(N) Moisture - Volatile matter Ash Fixed carbon C H N S o
0.05 11.51 19.55 2.99 65.95 68.41 357 0.18 0.032 25.02
0.1 9.72 20.0 3.0 65.1 68.07 3.63 0.19 0.032 25.08
0.5 6.63 17.62 0.21 75.2 71.95 3.47 0.15 0.054 23.87
1.0 7.3 18.1 0.14 74.3 71.59 352 0.14 0.07 24.36
5.0 479 19.08 0.1 75.84 70.7 3.54 0.13 0.1 25.24

leaching condition : 550 °C, 30 min, caustic/coke ratio=3
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Fig. 4. SEM photomicrographs of raw and treated petroleum coke

(x 200).
[A :raw coke, B treated coke(550 °C, caustic/coke=4, 60 min)]
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Fig. 5. BET surface area vs. residual sulfur in treated coke.
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Fig. 6. Effect of acid concentration on the surface area of treated pe-
troleum coke.
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Fig. 7. Shape change of petroleum coke during charing and steam
activation.
(a, b, c:raw, 700 °C char and 900 °C steam activated particles for
the raw petroleum coke, d, e, f:raw, 700 °C char and 900 °C steam
activated particles for the MCL treated petroleum coke)
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Table 3. Comparison of the results of steam activation for the raw and MCL treated petroleum coke

Raw coke MCL treated coke
Surface Iodine Methylene Surface Iodine Methylene
area(m’/g) value(mg/g) blue(mg/g) area(m’/g) value(mg/g) blue(mg/g)
Raw coke 38 2 11 976.0 11125 128.28
700 °C char 26.7 - - 163.5 - -
900 °C steam activated coke 39.0 - - 246.0 — —

leaching condition : 550 °C, 60 min, caustic/coke=3
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