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Partial oxidation reaction characteristics of oil Sudge( ) —theinfluence

of stage operations on the thermal treatment of oil sludge
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Abstract

In the multistage thermal operation for treating
the oil dludge, one can propose a three-stage thermal
process combing the addition of effective additives,
pyrolysis and oxidative therma decomposition of oil
sludge. The digtillation characteristic of the first -
stage oil (condensates of gas at 298 K ) from the
pyrolysis of oil dudge at temperature T of 378 K for
4 hours exhibits the oil quality very close to diesdl ail.
In the second stage (with the first stage as previously
mentioned), among the methods tested, the oil
produced by the addition of 10 wt. % CaO with 100
vol. % N, from 378 to 653 K keeping at 653 K for 10
minutes gives the best digtillation results. As for the
third stage, the operation without additives while with
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20.95 vol. % O, (with the second stage via 100 vol. %
N, without additives) from 653 to 743 K keeping at
743 K for 30 minutes yields the liquid product
containing water. The ail portion of the oil product
obtained after subsequent oil-liquid separation is
better than gasoline. Meanwhile, with 20.95 vol. %
O, while without additives, the amount of residues of
thermal treatment of oil dudge is significantly
reduced. However, if a liquid product without water
is desirable in the third-stage operation, then the
treatment via the addition of 10 wt. % CaO with 1.09
vol. % O, (with the second stage via 100 vol. % N,
with 10 wt. % CaO) produces the oil with best
distillation characteristic.

Keywords: oil Sudge, pyrolysis, additives, catalysis,
stage operation.
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Figure 1. Residua mass ratio (M' = W/W0) vs.
reaction time for three-stage thermal decompositions
of oil dudge in 100 % N, (based on wet oil sudge
and sample mass of 10 mg).

Figure 2. Simulated distillation results of oil portions
of liquid products of threestage thermal
decompositions of oil sludge in this study and of
some commercia oils. A: no additives at 378 K with
100 % N.. B: no additives at 378 — 653 K with 100 %
N,. C: with 10 wt. % fly ash at 378 — 653 K with 100
% N,. D: no additives at 378 — 653 K with 1.09 % O..
E: with 10 wt. % CaO at 378 — 653 K with 100 % N..
F: no additives at 653 — 743 K with 100 % N, (B is
second stage). G: no additives at 653 — 743 K with
1.09 % O, (B is second stage). H: with 10 wt. % fly
ash at 653 — 743 K with 1.09 % O, (C is second
stage). I: with 10 wt. % CaO at 653 — 743 K with 1.09
% O, (E is second stage). J: no additives at 653 — 743
K with air (D is second stage). K: no additives at
653 — 743 K with air (B is second stage).

Table 1. Comparisons of results with different
reaction indices for oxidative thermal decomposition
and pyrolysis of oil Sudge.

Table 2. Comparisons of results (with deduction of
additives m,) with different reaction indices for
pyrolysis of oil dudge without and with additives
(including pure compounds and wastes).

Table 3. Distillation characteristics of oil portions
(organic components excluding water) of liquid
products of three-stage thermal decompositions of oil
sludge in this study and of some commercia oils.

Table 4. Mass bhalance of three-stage thermal
decomposition of oil sludge at 21.8 K/min heating
rate.
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Table1.

TOL-air-mixe| TOL-air-mix | TOL-air-mix | TOL-air-mixe| TOL- 8.62 % O,- | TOL- 1.09 % O,- | TOL-1.09% |TPL-5.2| TPL-
d- 873-5.2 |ed-873- 21.8| ed-763-5.2 d-713-5.2 mixed-873-5.2 mixed-873-5.2 |[O,- mixed- 873- (H) 21.8
A (B) © () ()] G 2((13)8 0]
Oil quality >, wt. % 96.27 99.98 98.02 99.21 95.63 66.48 70.36 79.58 52.3
(25.08) °© (15.93) (18.66) (18.42) (18.18) (66.48) (70.36) (79.58) | (52.3)
Vacuum residue of oil %, wt.% ~0° ~0 ~0 ~0 ~0 0.01 ~0 9.57 6.17
BTEX of oil ¢, wt. % 7.2789 15.6077 8.6302 3.7237 0.4888 1.094 0.505 0.026 0.99
(1.897) ¢ (2.486) (1.643) (0.692) (0.093) (1.094) (0.505) (0.026) | (0.99)
Yield of liquid ', wt. %
Oil 8.33 6.78 NAY NA 6.54 37.3 38.15 69.63 60.61
Water 23.63 35.79 NA NA 27.88 ND" ND ND ND
Yieldof gas’, wt. %
HCs 5.28 NA NA NA 6.64 NA NA 0.91 NA
H, 0.04 NA NA NA 0.01 NA NA ND NA
H.0 1.82 NA NA NA 2.32 NA NA 0.63 NA
CO 88.48 NA NA NA 49.48 NA NA 0.22 NA
CO, 65.05 NA NA NA 37.21 NA NA 1.81 NA
Residue or ashf, wt. % 4.13 4.19 8.77 28.49 4.87 9.44 12.46 13.1 16.68
Xc', wt. % 99.98 NA 93.1 71 99.57 93.79 NA 93.36 NA

a TOL, TPL: total oxidative decomposition liquid product, total pyrolysis oil; A: mixed TOL in 378 —873 K at 5.2 K/min with air; B: mixed TOL in 378 —873 K
at 21.8 K/min with air; C: mixed TOL in 378 — 763 K at 5.2 K/min with air; D: mixed TOL in 378 — 713 K at 5.2 K/min with air; E: mixed TOL in 378 — 873K at

5.2 K/min with 8.62 % O,; F: mixed TOL in 378 — 873 K at 5.2 K/min with 1.09 % O,; G: mixed TOL in 378 — 873 K at 21.8 K/min with 1.09 % O; H: TPL in

378—-873 K at 5.2 K/minwith 100 % No; I: TPL in 378 —873 K at 21.8 K/min with 100 % N.. b: light naphtha + heavy naphtha + light gas oil, based on ail

portions (organic components excluding water) of liquid products. c: light naphtha + heavy naphtha + light gas oil, based on liquid products (including water). d:

based on oil portions (organic components excluding water) of liquid products. e: negligible. f: based on mass of input dry oil sludge (300 mg). g: NA: not analyzed.
h: ND: nondetectable concentration. i: C conversion ratio, based on dry ail sludge.

Table 2.

Oil quality 2 [Vacuum residue [Temp. of highest|A X at 720K, [Yieldof il ©,  [Residueor ash©[Yield of gas®9, [Xc®,

wt. % of oil , wt.%  |reaction rate (T) | wt. % wt. % wt. % wt. %
With CaO 77.19 ~0 714 5.22 60.43 13.66 25.91 49.08
With KOH 74.42 0.25 709 12.3 60.38 13.34 26.28 37.28
With fly ash 72.31 1.49 711 12.75 56.26 9.38 34.36 22.06
With KCI 68.44 2.16 721 5.68 73.13 11.75 15.12 34.92
With oil sludge ash 68.55 ~0 709 10.23 61.24 12.94 25.82 8.77
With K,COs 67.9 0.05 703 14.99 61.19 11.48 27.33 38.88
With polyvinyl alcohol 67.63 0.5 717 10.39 61.24 9.69 20.66 NA'
(PVA)
With Ca(OH), 64.47 ~0 718 0.38 68.38 15.63 15.99 43.93
With NaOH 63.32 0.62 712 10.15 62.65 12.39 24.96 45.27
With Na,CO3 60.38 0.18 708 7.19 72.19 12.98 14.83 24.15
With Fe;Os 57.88 ~0 714 8.95 66.55 12.13 20.82 20.68
With NaCl 57.44 0.21 726 4.03 66.55 12.58 20.87 49.08
With Fex(SO4)3- nH,0O 56.77 0.29 718 9.45 70.75 10.35 18.9 24.92
With zeolite 56.53 ~0 718 10.14 66.87 6.68 26.45 18.37
Without additives 51.35 0.34 726 - 66.37 16.34 17.29 23.25
With Al 48.67 0.76 712 251 71.03 15.39 13.58 40.12
With FeSO,- 7H,0 47.95 0.42 720 5.45 63.51 13.39 231 24.54
With Al,O3 46.49 0.32 712 2.98 62.92 14.04 23.04 34.47
With Fe 44.18 ~0 715 5.86 69.03 16.15 14.82 39.18
With FeClg 36.66 0.47 717 5.69 66.55 14.98 18.47 40.6
With CaCO3 3155 0.15 714 9.2 61.65 13.13 25.22 20.82
With CaCl, 28.12 0.63 721 5.57 65.93 12.49 21.58 22.03
With AICI3 16.12 ~0 714 7 63.87 13.28 22.85 28.22

a light naphtha + heavy naphtha + light gas oil, based on mass of liquid oil.
b: based on mass of liquid oil. ¢: based on mass of input dry oil sludge (1 g).
d: balance of liquid yield and residue. e: C conversion ratio, based on dry oil sludge.

f: NA: not analyzed. g: heating rate (HR) = 5.2 K/min. h: temperature range = 378 — 740 K. i: mass of additives = 100 mg (10 wt. %).




Table 3.

100% 100% 1.09% 109% 1.09% 20.95% 20.95% 98 95 92 GL DL FL HL
Nz-  N2-no-3- O-no-3- O-fly O,  0O2-n0-3- Ozno-3- unleaded unleaded  unleaded
Ca0-2- stageB stageB ash-3- Ca0O-3— stageD stageB GL GL GL
sageA  (F) G) sageC stageE  ()°  (K)°
(B) (H) 0}
~0 0.89 ~0 ~0 ~0 1599 11.82 8.49 5.36 6.7 10.07 0.04 ~0 ~0
(0.24) (244) (218 (2.67) (0.32) (1.90) (1.91) 0
5.67 2399 1247 92(1.3) 1879 5733 7217 64.37 70.95 67.9 6293 7.84 4.03 0.29
(1620 (031 (282 (5.44) (0.67) (558 (2.21) (4.28) (5.16) (0249 (239
75.03 39.04 5467 7332 6818 2243 16 26.59 2331 24.88 26.15 87.27 46.01 23.88
(2.78) (375 (655 (0.75 (5.9 (1.02) (7.73 (34 (4.40) (5.22) (2.65) (142
19.3 3585 3273 17.4 12.54 4.25 ~0 0.54 0.38 0.52 0.85 478 4959 75.19
(4.9 (383 (384 (0.63 .5 (0.74) (0.51) (0.19) (0.39) (0.25) (0.99)
~0 0.22 0.11 0.06 0.01 ~0 ~0 ~0 ~0 ~0 ~0 0 0.38 0.64
(0.01) (0.11) (0.03) (0.02)

4 hr), second stage oil (maintain 10 min), third stage oil (maintain 30 min), gasoline, diese oil, fuel oil and heavy ail; A: no additives at 378 K with 100 % Ny; B:
t 378 — 653 K with 100 % Ny; D: no additives at 378 — 653 K with 1.09 % O; E: with 10 wt. % CaO at 378 — 653 K with 100 % Na; F: no additives at 653 —

3 K with 1.09 % O, (B is second stage); H: with 10 wt. % fly ash at 653 — 743 K with 1.09 % O, (C is second stage); |: with 10 wt. % CaO at 653 — 743 K with
(D is second stage); K: no additives at 653 — 743 K with air (B is second stage). b: Jand K contain about 82.12 and 83.06 wt. % H,0; the H,O contents of other
Jmbers in parentheses are standard deviations (G n.1). € unit: in wt. %. f: heating rate (HR) = 21.8 K/min.

Table4.
2nd-stage 3rd-stage
Liquid, wt. % Liquid, wt.% Residue, wt. % |Gas &, wt. %

100 % N, without additives 45.21 (liquid F) 7.92 13.3

hout additives (9.1  (liquid B) [1.09 % O, without additives 36.19 (liquid G) 7.25 22.99
20.95 % O,, without additives  [20.92 (17.38) " (liquid K) |1.58 43.93

thout additives [10.69 (liquid D) |20.95 % Oy, without additives  |15.73 (12.92) ° (liquid J) 0.75 48.36

h fly ash 8.69 (liquidC) [1.09 % Oy, with fly ash 33.18 (liquid H) 5.73 27.93

h Ca0 468 (liquidE) |1.09 % Oy, with CaO 37.09 (liquid 1) 6.66 27.1

oarentheses are water content.
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