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Carbonization Treatment for OilfieldWaste using Superheated Steam for Oil Recovery

Keisuke Kojima, Masaharu Tasaki and Sueyoshi Mark

PEMIE TRIE & 2> TOWBJRIMITIR & o~ 7 2T » U0 MIG Y HEEOMMEREFEN 4, (K2 A N THREICLIETHZ L
BTE, POMFZEEINT D2 ENTE D HEE L GREVKERE AW T RAGAEL S IEZ RE Uiz, SRRy
0)/EE SIREE L, RAEEAR ) THIE L7225 F 5.98X104-2.17X 10° mg/kg & BEIMMIC L > CRERERNRL LN

—J7. RACALERSS DA IR 1L, <1X100-6.5X 10! mg/kg DHFPFHTH V. 2T OMMEFEIEMIZEHE VT 99.9%LL Ed
/EE TERETETNWD Z LRSIz, T ORE, MMEEEMFIMS O 63.6%LL LDy N EI X4, FBEEWFEIZ LY E
WRIZENR S D L OO, ETOMMEREFEDICB TS ZEIT 52 ENAETH-o 7z, BLELY ., WEUKAREZ W
T RACALIR S IE DGR MR S, —F T, MMEEDPICEEN TV DREI KSR & 2o TH s h 5 ATk
RS D72, e AL L U CTRbKFEZBRET D&% E T 2 LB R S iz,

Oily wastes such as oil tank sludge and oil contaminated soil, are among the most serious waste problems in oil
producing countries. In this study, carbonization of oilfield wastes with superheated steam is examined as a low cost
method for treatment and oil recovery. The oil concentration in the various types of oily waste studied, as measured
by the IR method, ranges from5.98 x10* to 2.17 x105 mg/kg. After carbonization treatment, the residual oil
concentration ranges from less than 1 x 109 to 6.5 x 10! mg/kg. The oil removal efficiency for all oily waste types
exceeds 99.9%. Additionally, upwards of 63.6% of the oil in the wastes is recovered, with the recovery ratio varying
from one waste type to another. In conclusion, these results indicate the effectiveness of carbonization with
superheated steam as a method of oily waste treatment and oil recovery. However, emissions of H2S gas derived

from sulfur in the wastes means that an H2S gas treatment system is required.
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#—1 Oily waste types and their conditions (water content and ignition loss).

Types Abbreviation Water content gnition loss Sampling condition
[%] [%]

Site-A

Sample 1 Oily sludge pit bottoms ~ OSPB A1 27.79 57.42 ¥ OSPB A1 was taken from different oily

Sample 2 Oily sludge pit bottoms  OSPB A2 2.06 43.36 sludge pit (OSPB A2).

Sample 3 Mixed oily sludge MOS A3 1.27 39.33 ¥ MOS A4 was left uncontrolled longer time

Sample 4 Mixed oily sludge MOS A4 4.46 20.63 than MOS A3.

Sample 5 Sand around oil pit SAOP A5 1.69 15.85 ¥ MOS was OSPB and SAOP mixture.
Site-B

Sample 6 Oil based mud OBMB1 9.34 12.21 % OBMB1 was dried sample in the natural

Sample 7 Oil contaminated soil 0CSs B2 1.16 17.36 environment

Sample 8 Under balanced drilling UBD B3 8.40 19.93

OSPB A1

OBM B1

OCs B2

BE—1 Oily waste conditions.
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—2 Carbonization with superheated steam
system and oil recovery system.
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—3 Temperature increase in reaction
chamber.
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#F&—2 Oil concentrations of oily wastes by IR method and GC-FID method.

GC-FID method

IR method
C6-C44 C6-C12 C12-C28 C28-C44
[mg/kg] [mg/kg] [mg/kg] [mg/kg] [mg/kg]
Site-A
OSPB A1 1.48%10° 8.7x10* <2.0x10° 4.7x10* 3.9x10*
OSPBA2  2.17x10° 1.4%x10° <2.0x10° 6.0 x 10* 8.2 x 10*
MOS A3 1.77%x10° 1.5%10° <2.0x10° 7.5%10" 7.8%x10"
MOS A4 5.98 x 10" 3.9x10* <2.0x10° 2.0x10* 1.8x10*
SAOP A5  3.76 % 102 N. M. N. M. N. M. N. M.
Site-B
OBM B1 7.93x 10" 7.5x10* 4.8x10° 7.4x10* <4.0x10?
OCSs B2 9.53x 10" 5.4x10* <4.0x10° 2.6x10* 2.8x10*
UBD B3 1.30 x 10° 7.2x10* 6.0 x 10° 3.2x10* 3.9x10*

N. M.: Not measured
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—4  Qil concentrations of various oily wastes from around the world. 3 7,24 ~37

% —3 Oil concentration, water content and ignition loss of oily wastes after carbonization treatment.

TPH
IR method GC-FID method Water content Ignition loss
C6-C44 C6-C12 C12-C28 C28-C44
[mg/kg] [mg/kg] [mg/kg] [mglkg] [mglkg] [%] [%]
Site-A
OSPB At <1x10° 6.2x 10’ <4.0x 10" <4.0x 10" <4.0x10" 0.00 1213
MOS A3 9x 10° 6.8x10' <4.0x10' 45x10' <4.0x 10" 0.02 12.37
Site-B
OBMB1 1x10° 4.7%10' <4.0x 10" <4.0x 10" <4.0x10' 0.05 453
0Cs B2 6.5% 10" 2.3% 102 <4.0x10" 5.8x 10" <4.0x10" 0.06 4.82
UBD B3 5% 10° 1.4x%10° 9.9x 10" 4.4x10" <4.0x10" 0.01 3.40
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#F—4 Sample weights and oil amounts of oily wastes before and after carbonization treatment, and

oil removal ratio.

Sample Sample Oil amount

wei pht Water content wei pht Ignition loss R method GC-FID
Sample 9 9 metho method

[g-wet] [g] [g-dry] [9] [mg] [mg]

Site-A
B.T. 500.59 139.1 361.5 207.6 5.35x10* 3.1x10*
OSPBA1 A.T. 289.00 0.0 289.0 35.1 <1x10° 1.8x10"
R.R. 42.27% 100.0% 20.1% 83.1% 100.0% 99.9%
B.T. 302.86 3.8 299.0 117.6 5.25x10* 4.4%10*
MOSA3 A T. 202.60 0.0 202.6 25.1 2x10° 1.4%10"
R.R. 33.10% 98.9% 32.3% 78.7% 100.0% 100.0%
Site-B

B.T. 300.00 28.0 272.0 33.2 2.16x10* 2.0x10*
OBMB1 A T. 249.39 0.1 249.3 11.3 <1x10° 1.2x10"
R.R. 16.87% 99.6% 8.4% 66.0% 100.0% 99.9%
B.T. 303.52 35 300.0 52.1 2.86x10* 1.6x10*
oCsB2 AT 252.57 0.2 252.4 12.2 1.6x10" 5.8%10'
R.R. 16.79% 95.7% 15.9% 76.6% 99.9% 99.6%
B.T. 295.69 24.8 270.9 54.0 3.52x10* 2.0x10*
UBDB3 A T. 221.48 0.0 2215 7.5 1x10° 3.1x10"
R.R. 25.10% 99.9% 18.2% 86.1% 100.0% 99.8%

B. T.: Before treatment, A. T.: After treatment, R. R.: Removal ratio
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(RIS BT, AR X - CBRZs LT (R —
4 O IR BNHEEZZEE LIZLOTH D, RO
FIZ IR EZ W=D, IR ¥4 GC-FID L T
PO 2EE LV RBL N7 ThHD, —
AN B OO LEETE 0.80-0.96 glem3 TH D Z &b,
B—5 HooFEEREIH B M OVEER | TP TRBL L
7o BMVEEEFEY OMEIRECHEIL, OSPB Al C
91.2-109.5%, MOS A3 T 98.3-117.9%. OBM B1 T
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111.2-133.5%. OCS B2 T 128.8-154.6%. UBD B3
T 63.6-76.3% Ch o7, [FILHEN 100% 5B 2 H555
HdoToy, ATOMMEFE I\ CHENRZ R
95 Z ENFRETH 7=, UBD B3 ORI MO 4
FEDMIMEFEEEM L ONSVMETH 7228, UBD
B3 [ ZRHEA 7P ERIZR DN &5 (RS
WRELIANOBERIDFES 5 2 LB Z B,

FIRERDS 100% A8 2 To R & UTiE, BEaEGh
S EDRERRAE L SEERICIEIY U7 & ORIERR =D
Bz bisd, BEaEGhsEORER~EE LCXhg
HEDREZEMNE Z DDA, TSR EBTDH L
AR R DREZEDFHIE 0.03-0.45 mL O TH
HOTRIERIZKRE 2B % B2 I e B2 HiIvD,
FERZEMN L7 i BORERRZ T OV TR,
I LTy & SERITIHKDBECE CQuielpofe 2 &
(2 & BEIGH EOEIFHITNE 2 Hivd, [EIED
T T AT B KA 2 T > TR,
IR DN E EAVTRAE THIE L TV rTREMEDS
Hb, —J. BN 100%% FEIHEA & LT,
[EMNREOABEFE N TORIA T A & L TOEK
NEZ HID,

TR 2 > 7 AT v PO IEFEIEYIL.,
OSPB—MOS—0CS DJEIZAEE STV AR —1),
F—4 LOR -5 OfERNBLE 2D L, OSPB ORES
THREVKIRR AW R Z FhE9 D Fz L |

#&—5 Hazardous material concentrations
before and after carbonization

treatment.
Hazardous OSPB A1 OBMB1

materials B.T. AT. B.T. AT.
Cd <0.5 <0.5 <0.5 <0.5

Total CN <1 <1 <1 <1

Organic P <1 <1 <1 <1

Pb 29 89 6.0 5.6

Cr(VI) <1 <1 <1 <1

As 1.4 3.3 8.8 6.5
Total Hg 0.84 <0.5 <0.5 <0.5
Alkyl-Hg <0.5 <0.5 <0.5 <0.5
S 17,000 18,000 8,200 6,400

B. T.: Before treatment, A. T.: After treatment Unit: mg/kg-dry

#&—6 Hazardous material amounts in sample
before and after carbonization treatment.

Hazardous OSPB A1 OBMB1
materials B.T. AT B.T. AT
Pb 10 26 2 1
As 1 1 2 2
S 6,145 5,202 2,230 1,595

B. T.: Before treatment
A. T.: After treatment

Unit: mg in sample (theoretical content)
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CITHB L2 U B, AT, Rz
FE T 5 E CORMMNETOFERE TR 2104 & A
FETH o703, FNENDERR TR AR e
B8, FEHIME A AT R —TOW T Tk
TERVY, Fio, FGHMOEIZEE LT itrEey i
IZE D NFEND EEZ DI, SHROBETH D,

AFEDHESHRDER
PETHE CTRIE & 72> T D IS OSBRI 6L

T57-0, BEEFEOMEEEEOMERZR L=, F
72, MEFERMAS BN I L BAADZ L, Ka A ko

After treatment

Before treatment
BHHE—2 Oily wastes before and after carbonization treatment, and recovered oil.

Recovery ratio range
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W DEINZT 5 Z L2 AE L, @mEUKARRZ A
T RAVIB it LTz, ARClE, FRtlsic Lz
THPEBETE OMEIR & BBV IV TR LALB 7
DAEIMEZARET 5 Z ENTET,

TPEBEEE O L, IRVE CHIE L7-35455.98
X 104-2.17X 105 mg/kg, GC-FIDE CHIE U745
A1E3.9X104-1.5X 105 mgkgDHEPATH Y . FEIE
Mz Ko TRE ERNHONTZ, F7=. GC-FID
BRI X B E IXIRIEIC X D M4y E D5b5-
95%(F-44169%) %7~k L CH V) | CasLA_EDIHFEDMFAE
LTWAZ EDVRIB ST,

IBBVKIRS & FO T R CALEREE OJPEBESE) 0D
TR, IRETHIE L7254 N. D.-6.5X 10!
mgkg TH Y, GC-FIDIETHIE L7-85451347 X
101-2.3X 102 mgkg Cdh 7=, ZNEFRERTHI-
Bad, IRIEE GC-FIDIEZE417C99.9-100.0%

-_

300 ~ 400°C|

| ——— T

Recovered oil at each treatment temperature range.

specific gravity 0.96——
specific gravity 0.80—

il

theoretical actual
value

value
191.2~109.5%) |98.3~117.9%) i 111.2~133.5% | 128.8~154.6% |63.6~76.3%
70— |
T 60/~ 1 = T <5 |
= 50— |
c |
é 40— ; 46
® 30 i 30
O 20 i
10— §
0 H
OSPB AT MOS A3 OBM B1 OCS B2 UBD B3

—5 Theoretical and actual oil recovery amounts and ratios.
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