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Abstract

In this work we studied the treatment of oily sludge, waste from petroleum refinery, by solidification
method using cement and other binding materials which were lignite fly ash (F), lime (L) and diatomaceous earth
(D). The oil content was 30.56 wt% and the concentrations of heavy metals: zinc, lead, cadmium, nickel and
chromium were 9.27, 18.55, 0.20, 5.46 and 21.20 ppm respectively. Since high content of oil in sludge affected the
setting and the development characteristics of concrete, therefore we extracted some oil with hexane to reduce
the content to 15.21wt%. Oily sludge and partially extracted oily sludge were subjected to solidification with
cement (P) and other combination of binding agents. The results demonstrated that solidified materials without
oily sludge, the combination of PF yielded the highest compress strength at 270 kg/ em’, while the other
combinations of PFL, PLD and PFLD vyielded almost the same value of ca 80 kg/cm’. Solidified materials with
oily sludge and with partially extracted sludge yielded the compress strength ca 150-200 kg/cm®, while the other
combinations of PFL, PLD and PFLD yielded compress strength over 3.5 kg/cm’, the standard set by the
Notification of Ministry of Industrial No. 6. Also the heavy metals and oil released from the solidified materials

of oily sludge met the EPA standard.
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115 19BuAsWaLn wes. D7 26 atuil 2 wneu-dgunau 2546 261
a199f 3 nIrarasTans i nieunsaudeninasneududieudhiu
5 am u- San ' ANSBzaTALTaIRAY (3n. fin an9)
nmMnAznNau 39u 7 14 U 28 U 60 U 90 U
PF-10% 0.255+0.001 | 0.252+0.001 0.205+0.001 | 0.156%0.001 0.065+0.001 | 0.060+0.001
PF-20% 0.358+0.001 | 0.355+0.001 0.302+0.001 | 0.225+0.001 0.098+0.001 | 0.095+0.001
PF-30% 0.454+0.001 | 0.450+0.001 0.375+£0.001 | 0.300£0.001 0.122+0.001 | 0.120%0.001
PFL-10% 0.242+0.001 | 0.240£0.001 0.195+0.001 | 0.145+0.001 0.055+0.001 | 0.050+0.001
PFL-20% 0.333+0.001 | 0.330+0.001 0.287+0.001 | 0.200£0.001 0.082+0.001 | 0.080+0.001
PFL-30% 0.412+0.001 | 0.410£0.001 0.354+0.001 | 0.285+0.001 0.105+0.001 | 0.101+0.001
PLD-10% 0.223+0.001 | 0.220+0.001 0.181+0.001 | 0.132+0.001 0.043+0.001 | 0.040%0.001
PLD-20% 0.314+0.001 | 0.312+0.001 0.265+0.001 | 0.196%0.001 0.074+0.001 | 0.072+0.001
PLD-30% 0.405+0.001 | 0.402+0.001 0.336+0.001 | 0.276%0.001 0.098+0.001 | 0.095+0.001
PFLD-10% 0.210+0.001 | 0.208+0.001 0.172+0.001 | 0.121£0.001 0.035+0.001 | 0.032+0.001
PFLD-20% 0.305+0.001 | 0.301£0.001 0.254+0.001 | 0.185+0.001 0.067+0.001 | 0.065+0.001
PFLD-30% 0.410+0.001 | 0.408+0.001 0.345+0.001 | 0.282+0.001 0.106+0.001 | 0.104+0.001
a199f 4 MIzzarapvaswaafisnenfounasudennasnaututieuitu
5 ou w-dam AMNNSBLATATDILAALIAN (NN, fia Ans)
mMnAznau 39u 7 14 U 28 U 60 U 90 U
PF-10% 0.020+0.001 | 0.020+0.001 0.015+0.001 | 0.010£0.001 0.002 0.002
PF-20% 0.025+0.001 | 0.025+0.001 0.020+0.001 | 0.015+0.001 0.008+0.001 | 0.008+0.001
PF-30% 0.030+0.001 | 0.030+0.001 0.025+0.001 | 0.021£0.001 0.012+0.001 | 0.012+0.001
PFL-10% 0.025+0.001 | 0.024+0.001 0.018+0.001 | 0.015+0.001 0.010+0.001 | 0.010+0.001
PFL-20% 0.030+0.001 | 0.030+0.001 0.025+0.001 | 0.020+0.001 0.016+0.001 | 0.016+0.001
PFL-30% 0.035+0.001 | 0.034+0.001 0.029+0.001 | 0.024+0.001 0.020+0.001 | 0.020+0.001
PLD-10% 0.022+0.001 | 0.022+0.001 0.017+0.001 | 0.012+0.001 0.006+0.001 | 0.006+0.001
PLD-20% 0.028+0.001 | 0.028+0.001 0.024+0.001 | 0.018+0.001 0.012+0.001 | 0.012+0.001
PLD-30% 0.032+0.001 | 0.032+0.001 0.027+0.001 | 0.020+0.001 0.016+0.001 | 0.016+0.001
PFLD-10% 0.024+0.001 | 0.024+0.001 0.019+0.001 | 0.013+0.001 0.008+0.001 | 0.008+0.001
PFLD-20% 0.030+0.001 | 0.030+0.001 0.026+0.001 | 0.020+0.001 0.014+0.001 | 0.014+0.001
PFLD-30% 0.033+0.001 | 0.033+0.001 0.030+0.001 | 0.022+0.001 0.018+0.001 | 0.018+0.001
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A99fi 5 nspzazasrasiniaaniaunastdininaznauduiiauingu

7 oW 4-9m31 U

AMSTBEAZALDDIINLAR (NN, fiD ART)

nnAznau 39u 7 14 U 28 Ju 60 U 90 U
PF-10% 0.020+0.001 | 0.020%0.001 0.018+0.001 | 0.015+0.001 0.010 0.010
PF-20% 0.028+0.001 | 0.028%0.001 0.025+0.001 | 0.020+0.001 0.010 0.010
PF-30% 0.040+0.001 | 0.040%0.001 0.035+0.001 | 0.031+0.001 0.015+0.001 | 0.015%+0.001

PFL-10% 0.025+0.001 | 0.024%0.001 0.022+0.001 | 0.018+0.001 0.010+0.001 | 0.010%0.001

PFL-20% 0.035+0.001 | 0.035%0.001 0.030+0.001 | 0.028+0.001 0.020+0.001 | 0.020%0.001

PFL-30% 0.045+0.001 | 0.043%0.001 0.040+0.001 | 0.037+0.001 0.030+0.001 | 0.030%0.001

PLD-10% 0.022+0.001 | 0.020%0.001 0.017+0.001 | 0.013+0.001 0.010 0.010

PLD-20% 0.025+0.001 | 0.024%0.001 0.021+£0.001 | 0.017+0.001 0.010 0.010

PLD-30% 0.042+0.001 | 0.042%0.001 0.038+0.001 | 0.032+0.001 0.022+0.001 | 0.022+0.001

PFLD-10% 0.032+0.001 | 0.030%0.001 0.028+0.001 | 0.025+0.001 0.015+0.001 | 0.015%0.001

PFLD-20% 0.036+0.001 | 0.035%0.001 0.030+0.001 | 0.027+0.001 0.020+0.001 | 0.020%0.001

PFLD-30% 0.045+0.001 | 0.042%0.001 0.038+0.001 | 0.032+0.001 0.027+0.001 | 0.027%0.001

a199f 6 nIrzaratpzaslasiiisnanfeunssudininazneuduiioutiiu
X oW S-8971 0 ANsBTazaIeeadlasiuy (Nn. s ans)

mMnasnau 39u 7 14 U 28 U 60 U 90 U
PF-10% 0.215+0.001 | 0.213%0.001 0.174+0.001 | 0.123+0.001 0.082+0.001 | 0.080TJ0.001
PF-20% 0.312+0.001 | 0.310%0.001 0.278+0.001 | 0.215+0.001 0.146+0.001 | 0.105%0.001
PF-30% 0.413+0.001 | 0.411%0.001 0.361+0.001 | 0.306+0.001 0.254+0.001 | 0.161%0.001

PFL-10% 0.205+0.001 | 0.202%0.001 0.168+0.001 | 0.117+0.001 0.078+0.001 | 0.076%0.001

PFL-20% 0.308+0.001 | 0.305%0.001 0.266+0.001 | 0.204+0.001 0.141+0.001 | 0.098+0.001

PFL-30% 0.404+0.001 | 0.402%0.001 0.354+0.001 | 0.296+0.001 0.247+0.001 | 0.158+0.001

PLD-10% 0.201+0.001 | 0.200%0.001 0.163+0.001 | 0.110+0.001 0.071+£0.001 | 0.068+0.001

PLD-20% 0.305+0.001 | 0.304%0.001 0.258+0.001 | 0.200+0.001 0.132+0.001 | 0.087%0.001

PLD-30% 0.408+0.001 | 0.407%0.001 0.342+0.001 | 0.284+0.001 0.236+0.001 | 0.151%+0.001

PFLD-10% 0.195+0.001 | 0.193%0.001 0.156+0.001 | 0.100+0.001 0.067+0.001 | 0.065%0.001

PFLD-20% 0.294+0.001 | 0.292%0.001 0.242+0.001 | 0.194+0.001 0.128+0.001 | 0.078+0.001

PFLD-30% 0.391+£0.001 | 0.390%0.001 0.332+0.001 | 0.274+0.001 0.221+0.001 | 0.142+0.001
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AN 7 MTBTRTA1ETRY TIng “andpuviasudeninaznau Anundusanlyuie u

X oW S-8971 0 AMMSBZazaI18as Ine” (Wn. fa ans)
nnAznau 39 7 14 3 28 U 60 U 90 U
PF-10% 0.070+0.001 | 0.070+0.001 | 0.065+0.001 | 0.051£0.001 | 0.050+0.001 | 0.050:0.001
PF-20% 0.110+0.001 | 0.110+0.001 | 0.100+0.001 | 0.091£0.001 | 0.084+0.001 | 0.084+0.001
PF-30% 0.148+0.001 | 0.147+0.001 | 0.140+0.001 | 0.138+0.001 | 0.125+0.001 | 0.125+0.001
PFL-10% 0.092+0.001 | 0.090+0.001 | 0.087+0.001 | 0.081£0.001 | 0.074+0.001 | 0.074+0.001
PFL-20% 0.141+0.001 | 0.140+0.001 | 0.138+0.001 | 0.134£0.001 | 0.121+0.001 | 0.121+0.001
PFL-30% 0.200+0.001 | 0.200+0.001 | 0.197+0.001 | 0.192+0.001 | 0.182+0.001 | 0.182+0.001
PLD-10% 0.091+0.001 | 0.091+0.001 | 0.089+0.001 | 0.083+0.001 | 0.072+0.001 | 0.072+0.001
PLD-20% 0.142+0.001 | 0.140+0.001 | 0.139+0.001 | 0.135£0.001 | 0.123+0.001 | 0.1230.001
PLD-30% 0.191+0.001 | 0.190+0.001 | 0.188+0.001 | 0.185+0.001 | 0.174+0.001 | 0.174+0.001
PFLD-10% 0.092+0.001 | 0.091+0.001 | 0.087+0.001 | 0.079+0.001 | 0.073+0.001 | 0.0730.001
PFLD-20% 0.141+0.001 | 0.140+0.001 | 0.138+0.001 | 0.131£0.001 | 0.125+0.001 | 0.125+0.001
PFLD-30% 0.201+0.001 | 0.201+0.001 | 0.197+0.001 | 0.183+0.001 | 0.167+0.001 | 0.167+0.001
a199f 8 nITrarasTansanfeunsaudeninazneu faidusenllung u
X oW S-8971 0 ANISBzaTALTaIREAY (3n. fin an9)
nnAznau 39 7 14 3 28 U 60 U 90 U
PF-10% 0.222+0.001 | 0.220+0.001 | 0.185%0.001 | 0.132+0.001 | 0.045+0.001 | 0.040:0.001
PF-20% 0.305+0.001 | 0.302+0.001 | 0.248+0.001 | 0.205+0.001 | 0.072+0.001 | 0.070:0.001
PF-30% 0.412+0.001 | 0.410+0.001 | 0.348+0.001 | 0.284+0.001 | 0.094+0.001 | 0.092+0.001
PFL-10% 0.212+0.001 | 0.210+0.001 | 0.176+0.001 | 0.121£0.001 | 0.032+0.001 | 0.030:0.001
PFL-20% 0.295+0.001 | 0.291+0.001 | 0.232+0.001 | 0.195+0.001 | 0.062+0.001 | 0.060:+0.001
PFL-30% 0.373+0.001 | 0.370+0.001 | 0.325+0.001 | 0.267+0.001 | 0.081+0.001 | 0.080+0.001
PLD-10% 0.198+0.001 | 0.195+0.001 | 0.164+0.001 | 0.110£0.001 | 0.025+0.001 | 0.023:0.001
PLD-20% 0.279+0.001 | 0.274+0.001 | 0.214+0.001 | 0.176£0.001 | 0.051+0.001 | 0.050:0.001
PLD-30% 0.378+0.001 | 0.375+0.001 | 0.328+0.001 | 0.197+0.001 | 0.066+0.001 | 0.064+0.001
PFLD-10% 0.186+0.001 | 0.184+0.001 | 0.152+0.001 | 0.102+0.001 | 0.021+0.001 | 0.020+0.001
PFLD-20% 0.270+0.001 | 0.276+0.001 | 0.212+0.001 | 0.172+0.001 | 0.047+0.001 | 0.045:+0.001
PFLD-30% 0.382+0.001 | 0.380+0.001 | 0.330+£0.001 | 0.195+0.001 | 0.068+0.001 | 0.066:+0.001
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A5 9 MsBzazasTevLAailanntauasudinInnznau ﬁﬂﬁﬁﬁuﬂﬂﬂlﬂu’]\‘l o)1

7 oW 4-9m31 U

AMIBEATAYTDILAALTLN (0. fD ARS)

nmMnasnau 39 7 14 3 28 1 60 U 90 U
PF-10% 0.015£0.001 | 0.01520.001 | 0.011£0.001 | 0.005%0.001 0.002 0.002
PF-20% 0.018+0.001 | 0.018%0.001 | 0.013+0.001 | 0.007%0.001 0.002 0.002
PF-30% 0.0224+0.001 | 0.02120.001 | 0.015%0.001 | 0.010£0.001 | 0.005+0.001 | 0.005+0.001

PFL-10% 0.018+0.001 | 0.01720.001 | 0.012+0.001 | 0.00620.001 0.002 0.002

PFL-20% 0.0224+0.001 | 0.022+0.001 | 0.015£0.001 | 0.009%0.001 0.002 0.002

PFL-30% 0.026+0.001 | 0.025+0.001 | 0.019+0.001 | 0.012+0.001 | 0.006+0.001 | 0.0060.001

PLD-10% 0.017£0.001 | 0.01720.001 | 0.012+0.001 | 0.00620.001 0.002 0.002

PLD-20% 0.020£0.001 | 0.020£0.001 | 0.014£0.001 | 0.008+0.001 0.002 0.002

PLD-30% 0.024+0.001 | 0.024+0.001 | 0.016£0.001 | 0.010£0.001 | 0.005+0.001 | 0.005+0.001

PFLD-10% 0.018+0.001 | 0.018+0.001 | 0.013+0.001 | 0.008+0.001 0.002 0.002

PFLD-20% 0.023+0.001 | 0.023+0.001 | 0.016£0.001 | 0.009+0.001 | 0.003+0.001 | 0.0030.001

PFLD-30% 0.02740.001 | 0.027+0.001 | 0.020£0.001 | 0.010£0.001 | 0.004+0.001 | 0.004%0.001

a199fl 10 nszraraszssinifiannioundsudeninazneu fathdusenlyue u
5 qu u-80m AMTBEAZALDDIINLAR (NN, fiD ART)

mMnasnau 39 7 14 3 28 U 60 U 90 U
PF-10% 0.015£0.001 | 0.0140.001 0.010 0.010 0.010 0.010
PF-20% 0.020£0.001 | 0.02020.001 | 0.015%0.001 0.010 0.010 0.010
PF-30% 0.025+0.001 | 0.024+0.001 | 0.020%0.001 0.010 0.010 0.010

PFL-10% 0.0204£0.001 | 0.018+0.001 | 0.015%0.001 0.010 0.010 0.010

PFL-20% 0.030£0.001 | 0.028+0.001 | 0.021£0.001 | 0.015%0.001 0.010 0.010

PFL-30% 0.040£0.001 | 0.035+0.001 | 0.030£0.001 | 0.020£0.001 | 0.015+0.001 | 0.015+0.001

PLD-10% 0.015£0.001 | 0.015+0.001 0.010 0.010 0.010 0.010

PLD-20% 0.0224+0.001 | 0.022+0.001 | 0.018+0.001 | 0.015%0.001 0.010 0.010

PLD-30% 0.035+0.001 | 0.035+0.001 | 0.030£0.001 | 0.02520.001 | 0.015+0.001 | 0.015+0.001

PFLD-10% 0.028+0.001 | 0.027+0.001 | 0.022+0.001 | 0.015%0.001 0.001 0.010

PFLD-20% 0.030£0.001 | 0.030£0.001 | 0.025+0.001 | 0.018%0.001 | 0.015+0.001 | 0.015+0.001

PFLD-30% 0.030£0.001 | 0.032+0.001 | 0.027+0.001 | 0.020£0.001 | 0.018+0.001 | 0.018+0.001
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A5 11 nsBzazasaadlasiisnaniaunasudoninaznay dnudusanluuie u

5 aw SBRTY 10 ANsBTazaIepadlasiuy (Nn. s ans)

mMnRznau 39u 7 14 Fu 28 60 90
PF-10% 0.196+0.001 | 0.195+0.001 0.156+0.001 | 0.112+0.001 0.052+0.001 | 0.050+0.001
PF-20% 0.295+0.001 | 0.294+0.001 0.254+0.001 | 0.145+0.001 0.075+0.001 | 0.072+0.001
PF-30% 0.391+0.001 | 0.390+0.001 0.344+0.001 | 0.223+0.001 0.095+0.001 | 0.094+0.001
PFL-10% 0.191+0.001 | 0.190+0.001 0.148+0.001 | 0.100£0.001 0.042+0.001 | 0.040+0.001
PFL-20% 0.288+0.001 | 0.286+0.001 0.246+0.001 | 0.132+0.001 0.064+0.001 | 0.063+0.001
PFL-30% 0.383+0.001 | 0.382+0.001 0.325+0.001 | 0.195+0.001 0.081+0.001 | 0.080+0.001
PLD-10% 0.187+0.001 | 0.188+0.001 0.137+£0.001 | 0.095+0.001 0.031+0.001 | 0.015+0.001
PLD-20% 0.278+0.001 | 0.277+0.001 0.226+0.001 | 0.120£0.001 0.053+0.001 | 0.050%0.001
PLD-30% 0.376+0.001 | 0.375+0.001 0.305+0.001 | 0.176%0.001 0.072+0.001 | 0.071%0.001
PFLD-10% 0.182+0.001 | 0.180+0.001 0.121+£0.001 | 0.082+0.001 0.028+0.001 | 0.010%0.001
PFLD-20% 0.271+0.001 | 0.270+0.001 0.208+0.001 | 0.112+0.001 0.047+0.001 | 0.046+0.001
PFLD-30% 0.372+0.001 | 0.370+0.001 0.287+0.001 | 0.154+0.001 0.061+0.001 | 0.060+0.001

WNANISNA  AUNSBEAZA18TaUNAIUINNaUaaLT
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Tumane punITzaraszsntuInioursdaudaiinnazneuudlsuinduuazaznou Famingu
panluung UNNYANITNARBINUIN MIfNsRI1 upasnnaznouluidiouitusey AW Nz v
MITL Az ABTDIINTURNNINTY LﬁmmnmqwaLﬁmﬁumwmzmﬂamwﬁn atalsfinn NNYANTS
'vmaawﬂﬁmmimazmwaoﬁwﬁuﬁ‘i"}n’hmmmiwu EPA i 10 un. #iBART WAMINA BUNIBLAZAY
gpshuanfeunasudeioninaznaududiowidun aslSlumsed 12 Topgamsnaaeeiidy qu sy
PFLD T#Amszzazaiasi 0 TDIRINIAD qmm‘mmaaoﬁﬁi’ aw wifu PFL qmmswmaoﬁﬁi’ au aiu
PLD ymm‘mmaaaﬁﬁ’i AW wiu PF anueey fou aoliidudny AN NUTZINYUBNTINAUAUAUILNG
";u*ﬁ"sﬂm‘%'mf']ﬁu‘lﬁﬁn’hgum’m%aﬁuﬁuLmLﬁmaai'mﬁmwi'nfu peglsfinn ddunaifsuiiie

aﬁhoLﬁmwamm’%’oﬁwﬁuﬁﬁn'jfm'ﬁLﬁuﬁuﬁmmLﬁﬂoaahoLﬁmﬁaﬁmmwgumaw NAuAUILNAlATY $rame
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A9 12 nspzasanzaiiuniounasudininaznauuiausindu

(W1m331U4 EPA 10 4n. fip An9)

7 oW 4-9m31 U

AMMSBLAZABVAIUINY (NN, 6D ANS)

nmnaAznau 39 7 14 3 28 U 60 U 90 3u
PF-10% 3071 120.71 0.002 0.002 0.002 0.002
PF-20% 44071 3071 120.71 0.002 0.002 0.002
PF-30% 520.71 3071 1£0.71 0.002 0.002 0.002
PFL-10% 3071 240.71 120.71 0.002 0.002 0.002
PFL-20% 520.71 3071 1£0.71 0.002 0.002 0.002
PFL-30% 620.71 44071 240,71 0.002 0.002 0.002
PLD-10% 3071 240.71 120.71 0.002 0.002 0.002
PLD-20% 620.71 44071 240.71 0.002 0.002 0.002
PLD-30% 820.71 520.71 3071 1£0.71 0.002 0.002
PFLD-10% 520.71 3071 1£0.71 0.002 0.002 0.002
PFLD-20% 7071 520.71 3071 1£0.71 0.002 0.002
PFLD-30% 920.71 7071 44071 1£0.71 0.002 0.002
a199f 13 MIzzarapzanihtuanfeunssudoninazneu fahdusenluie u
(¥1m331U4 EPA 10 8n. fip An9)
5 qu -8 u AN BEATAN DI (3n. fin An9)
nnAznau 39 7 14 3 28 U 60 U 90 U
PF-10% 240.71 120.71 0.002 0.002 0.002 0.002
PF-20% 3071 240.71 0.002 0.002 0.002 0.002
PF-30% 4071 240.71 0.002 0.002 0.002 0.002
PFL-10% 240.71 120.71 0.002 0.002 0.002 0.002
PFL-20% 3071 240.71 0.002 0.002 0.002 0.002
PFL-30% 44071 240.71 120.71 0.002 0.002 0.002
PLD-10% 240.71 120.71 0.002 0.002 0.002 0.002
PLD-20% 3071 240.71 0.002 0.002 0.002 0.002
PLD-30% 44071 240.71 120.71 0.002 0.002 0.002
PFLD-10% 3071 120.71 0.002 0.002 0.002 0.002
PFLD-20% 44071 3071 120.71 0.002 0.002 0.002
PFLD-30% 520.71 3071 1£0.71 0.002 0.002 0.002
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4. qﬂwam‘ﬁ%’ﬂ

mMafnmdnsuzLarasdUsznausasnnaznaududiouiei i mnazneudwidiautsiud
ﬂ%mmﬁwﬁuuazﬂ%mmiamwﬁnag”luﬂ%mmﬁ man'j'm"lmmgﬂumaoﬂ;’]ﬁﬁ:mﬂaaﬂmrﬂiamu 39A238N13
ﬁwﬁmﬁauﬂc\iaﬂaaﬂ;'sm,l,’mﬁau n3fne3stnalasnaaadutiounds wudrfeunsoudedii un o
wwy PF azldemassa g el 270 nn. sio o3, founssudouuy PLD uas PFLD azl¥dnrasiuuse
Saiiln&Aee Ao 859 + 7.05 nn. sin %’ ufounasudon unnaznauluouisuuasfounasude
W snnazneufinenindusenlyudine u wodfeunseudefifdl uw nuuy PF, PFL, PLD uaz PFLD
fldnAnu wnsnsuuseda endn 35 nn. de ou? Feildhldinisionauldausznianszngag
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