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Acetic Acid Treatment of Used Lubricating Oil with
Heavy Metals Adsorption by Activated Carbon from
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Abstract
In this research, the treatment of used lubricating oil by acetic acid and heavy metals

adsorption with activated carbon from water hyacinth have been studied. The response surface
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methodology (RSM) based on Central Composite Design (CCD) was used to investigate the effects
of two parameters, such as the amounts of acetic acid and the reaction temperature, on the acid
sludge removal. The regression quadratic equation has been presented to show the relation
between the percentage of acid sludge removal and two parameters. The results revealed that the
reaction temperature is the important parameter. The optimum conditions were: 11.2 %v acetic
acid and the reaction temperature of 45 °C with the reaction time of 60 min. The acid sludge
removal under the optimized conditions was 15.30 %. In addition, the adsorption of heavy metals
in acid treated oils has been compared. It was found that adsorption with activated carbon from
water hyacinth can reduce the amount of heavy metals rather than that of adsorption with
activated clay. The content of lead, iron and zinc remained at 11.25, 0.34 and 366 ppm,

respectively.

Keywords: used lubricating oil; acetic acid; activated carbon from water hyacinth; acid sludge

removal; response surface methodology
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AAUIUIN 2-3 LWURALLAT NLATHILAR bAWIAY 1-2
Tu eufigaungll 100 °C 1uian 5 9alus ualv
azlBuAuUEIA 300-600 UM INUUNTEAURINIY

Aswdtuasaraelofeunaalsnutu 25 %wt
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foungd 100°C 1Uuwan 5 F2T09 NTDIUBANA
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fusudiladethndunatssevuazeuliuis us
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winluaruwalans (efflux time, s) A1WIAIIY
nialdsaail (kinematic viscosity, mm?/s) 910
kinematic viscosity = (efflux time) (constant) (2)
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VI = {[(antilog N) - 1] + 0.00715} + 100

a

1ag#l N = (log H - log U)
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+log Y; U = anunila

a L3 = a

LI aUINNQUNAY

q U

40 °C, mm?/s; Y = aunile
Wevaddanguvgdl 100 °C, mm?/s; H = @1
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wU5U59U (analysis of variance, ANOVA) fiszéu
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ArduUsransandunus (R) 0.94 wazAtudAgy

<

0.0003 lagdAn p-value VoA Usdadse A way T

WinfU 0.2880 WAy 0.0076 ATLATRU FafauUs

a1
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a
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U
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FURUSVDIAILUTIIUTENINNUS U UNTABETRNGD

Y = 62.3572 - 1.3189A - 3.2374T - 0.0148A% + 0.0439T* + 0.0517AT

unfiuvaediuiugamaiilunsvitujisen (AT) de
p-value Wiy 0.056 wansliiuinfmulsniaes
faruduiusiuegelidediAgyuaziinans
f < (3 o [ = I
Weasidudn1snidnninaznau lnelUIauiieu
HANBUAURIIINNITNAADINUNATUTZUIalARIN

AUNITONNBENNNIFDY AINITIN 2

(@)

A19199 2 NaGLIENGT’JLLUiﬁﬁﬁiﬂwaﬁ@Uﬁu@ﬂLU@%L%uﬁﬂ’ﬁﬁﬂ’;}Jﬂﬂ']ﬂ(ﬂ%ﬂ@‘u@]’]llLLNuﬂ'ﬁ‘WﬂaBGLL‘U‘U CCcDh

y FuUsdasy wWoesldudnsminninazneu
nRe A, %v T, °C N1SVAEDY N13UsTaIaNa
1 6 30 5.72 5.63
2 18 30 2.24 4.13
3 6 50 15.20 17.38
4 18 50 24.12 28.28
5 3.5 40 6.23 5.60
6 20.5 40 15.68 12.25
7 12 25.86 6.52 6.09
8 12 54.14 35.12 31.48
9 12 40 9.75 10.00
10 12 40 9.92 10.00
11 12 40 10.01 10.00
12 12 40 10.54 10.00
13 12 40 9.78 10.00

dlothuuusiasmneadneansauns
anneetdsaeadilaluaunis (@) wuszananasie
wadaiufianouaussitenans iy auves
Faudsieaesfiinaselosiduinisiidnnin
penaun18lusunsy SigmaPlot 12 WaAINIIN
Nufmouaues (response surface plot) kagnsn

1A5957°4 (contour plot) Inewdeanszning 2 Aauys
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(acid sludge) NUaNYULY
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20 25\30 35— |
- 10 50 \20 25 30—
EE2| O 5 S~ 25— |
40 /330 oy \ 20
=0 | 5 45 15 |
o B 10 s
2 30 o T~ 15—
3 o 10
3 g 40 \10
3 20 e 10—
< s 35
= 3
10 20 5 S -
roé’\b ® 5 5/‘ 5
45 \
Reaction .10 35 A 25 —
CMerap o 25 S 4 6 8 10 12 14 16 18 20
& C & Amount of acetic acid, %v

JUT 1 namiiiufmeuaueswasnslasssimwesdiuusifinadelUosidudnismdnninazneu

35
30
% e f
© /
2 20 X —8—30C
3 15 —J — 35¢C
3 s s0c
° ¥
R | e —%—145C
i —o—50C
0 T T T T 1
0 5 10 15 20 25
Amount of acetic acid, %v
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ean
c
=

ee

2

gauniilun1sviugisenddeusun

AMNRENBU

HAYDINIIATANINAZNOUAITUN 2 10

v '
aaa v o o o

TUTuunsainduiUAsefuiiungamal
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A1 (30-35 °C) wuinAnufazenldnnagnouly
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Usgnauluhifuldtos vaefiniafiugumgilias
Fu (40-50 °0) annsartliAaUFAselFundy
wasiilodunsaunniuinlaldusinuninazneu
Ry wmzﬂ"aﬁwm q wilafivsurunsauin
Auly dunaldanmnayneuiiuensulsidnmuile
USinaunsesernsfuvaeauannnii 12 %v
yonaninsmdaninazneuditingin
n1sUAsesEnIensadvansuseznaulalag

arsusulutnTunasdusanliduinagvinlvle
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CRERERTR
Woedudnsidaninazneufimunzauuszua
15 % e llAnnsgadetitunnnifuld 91n
NMUSLUIANAMBLUUTIADIN NANAFENSEANNTT
@) fivarpaniazfivalilesifuinisiidann

¥ a

nznouagluyie 15 % Fanudraneildusuiu

a =

NIAAINIT 5 %v AU ATe Noungliged

RV}

o w

50 °C vioannildgumgiisnazliannsaid
nnazneuldds 10 % detusadonaninsd
wanzanlunisirvaiitundeduiildudagie
NSADEIRNLTNTIU Ao USuTunsnesdAanme
thifundodu 11.2 %v yhUFA3eTigamgd 45 °C
wazldinan 60 undt Fsannnnsuszananaluaunis
@ arursanidnninagnaula 15.05 % wagle
nageuasslunisirdadisiunaeduiildudisie
nsnerdfnduduiianiizfinaiinuitaiuisa
fdaninazneuldiade 15.30+0.50 %

3.2 quanvasiiundaiufiiiunis
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d930UueguININN159ATEdAns 015 LN

Lalauysal \inasiutviansusenauitingin

UfAse100nTadu wagn13anIouaIn1shdau

Usunalanentinivwlou Towa nend an way

v
o

o N & v o= & o § v o =~ =
denzd Wudu Faduanngyiliunduiiyaidien

AUAUNLUUBALANUNTAYD U UEIUY [10]

U

=

N

1A

Y1UNTUNAAUNLTWEININIUATEUIUNSUIUA
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AIgNsABEIANTan s Izaud ULz Ady

laveninalgasandulaeuSoulneusening

U

wenRLmaLAaE TuguiuTugandnaur i
nMsinaznszduiifelafounaslsd U7 3a
way 3b waninmaslasead1svesinauYnd
nsrduielaiiounanlsd neuwasndanisiuni

gaungil 800 °C Auadu suiududnlausing

)
v ' v
g a a o i3 o =

wumm@mixLLazﬁi‘Wiuammxﬂmmam{hmu

1NAUANwLlASIAS 9L EUlgRNAUYIN kaY
Wingnguvuiivendulefignnsyqualsinge

° v

ToRounaslss 9nnsiasediiuinas iy
3% Brunauer-Emmett-Teller U318 A uAf2
$1umg 211 m¥g Faflnasdenisgaduiniovuly
dhifuvdedu nadesarvosiiuiildiuauihisng 4
yaeisfundoaunauLazudinstia 1wy Ay

PUILUY ANUNLAT98Y wazastaNuniinves

TUNEDAY LARININNTIN 3

JUN 3 dnvaglassaiivenauyniniunisnseiualelufeuaaslsn (a) neunismi wag (b) naanis

WVQaunR3l 800 °C
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A1919% 3 audfeng 9 YesddundeiuneulayvdinsUUamensnedinuazn1sgadu

~ y ANUVTATRR | |
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