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Recovery of useful chemicals from sludge by catalytic reaction
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Faculty of Engineering
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ABSTRACT

Recovery of useful chemicals (methanol, acetone and phenol) from palm oil mill effluent
sludge using FeOx catalyst has been experimentally demonstrated in this study. The recovery
process was divided into two steps: the sludge was pyrolysed in an inert atmosphere at 773 K to
obtain liquid product called bio-cil and the bio-oil was employed as a reactant for oxidative
cracking over the FeOx catalysts. The result showed that carbon was recovered in the bio-oil due
to the pyrolysis approximately 16%. The catalytic cracking of the bic-oil was tested over a
commercial FeOx(FeOx_ ), a ZrO, impregnated in the FeOx__, 2 FeOx prepared by precipitation
method and a co-precipitated Zr-FeOx. The reaction was performed under the condition of T=
673 K, W/F= 4 h and the reaction time = 1 h. The result showed that the catalytic activity of FeOx
catalyst can be enhanced by supporting ZrO, on it. FeOx prepared by Fe(NO,),"9H,0 can reduce
carbonaceous coke. Furthermore ZrO,(5)FeOx prepared by impregnation method using
FeOx(FeOx ) can produce methanol and acetone. While ZrO,(10)FeOx prepared by

co-precipitaion method, can reduce “others” in pyrolysis oil and produce methanol acetone and

MEK.
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2.7 NuIduNfeIve

siuderinTsanuiui i@y (Paim oil mill effluent) Rasndunoumsitahdy
mslelas e Inauvosiide sasmsnonmnuiensnon [12] Taotszutaldiniidenn
msfnfiuhduiysinm 09 - 15 Qﬂmﬁf’ﬁuﬂseiaﬁmmmmﬁﬂﬁvwﬂuﬂ1f{uﬁu (CPO) 1
du Taoudossnaniimiveuluglasdsznevsunidifuysumsniailiia: pop
(Biochemical oxygen demand) 11131 20 g/ wazidusznevves lulasiouysznm o0z -

0.5 g/l Tugdvesuen Tuflouas TuInnousau dwaasluaisiei 2.3
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Fl'l‘.i]@‘ﬁ 2.3 ﬁﬂﬂmzlﬂﬂ"lg'llﬂdu'llﬁﬂiﬂﬂi‘i GQ']NHUU'IIJHﬂ'IEHJTU'IJi:‘,LﬂﬂﬁJ umfﬁu

Concentration Concentration
Parameter Element
(mg/L) (mg/L)

Oil and grease 4,000 — 6,000 | Potassium 2,270
Biochemical oxygen demand 25,000 | Magnesium 615
Chemical oxygen demand 50,000 | Calcium 439
Total solid 40,500 | Phosphorus 180
Suspended solids 18,000 | Iron 46.5
Total volatile solids 34,000 } Boron 7.6
Total Nitrogen 750 t Zinc 23
Ammonicals nitrogen 35 | Manganese 2

Copper 0.89
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: ¥ o :‘ = :‘ o
fidwazduq dussdilsznenegdin asdsznovTastssunaenindoain Tssndminiy

haudusansian 2.4

1 » ¥ -
A13197 2.4 pandszne Taodseanm (%) veninduein IssauRuisiuddueluysemeiado

pantszneu efiud
Moisture 6.991+0.14
Crude protein 12.75+1.30
Crude lipid 1021 £1.24
Ash 14.88 £ 1.35
Carbohydrate 2955+ 244
Nitrogen free extract 26.39 £ 2.33
Total carotene 0.019 £ 0.001

o w = = . . . . = =
dmiunseozdl Iullduls2noVYDY Aspartic acid 112 Glutamic acid JUUTu101 9.66
» r
+0.15 % 4z 10.88 £ 0.13 % MmNV uazuennimijudelinsaoeiluriaduq dn 15u
Glycine, Alanine, Methionine, Lysine (Hudu tazdmiunsa lusuildmasznonyes Palmitic
acid, Oleic acid, Myristic acid, Stearic acid, Linoleic acid tJu1Tu1a4 22.45 + 1.88 %, 14.54 +
1.25 %, 12.66 + 0.12 %, 10.41 % 0.54 %, 9.53 £ 1.20 % uazn3a 1Y UTIADUA 17U Linolenic
acid, Lauric acid 151w
MPredel tazame [14] TAvinsfinu1ms Iwlstada rape-seed muludgnsaiuvy
o o n, as =Y T 2
Wgd ladiun Tasfinuiasndsznovvesiniulnls ladalugreguugil s00 - 700 °C delu
qy 9/ 1 9/ é 0 9 1 o
msnaaosii 185z yduseneuved rape-seed 13 Fanpindwduilsznovussnsaluly
a o : = n" a d [y P & o
yuand luindoeinTssaniniuilhau 137 daaasluarsin 25 wazldiimsuans

psntlsznoud 1Avinms InTs Tadad msten Tumsad 2.6



A15199 2.5 Boutlszneufiilunia lusiuves rape-seed 14T vLiRonAU POME

asa vl Wt.% in rape-seed | Wt. % in POME
Myristic acid C14:0 0.5 12.7
Palmitic Cl6:0 4 22.5
Stearic acid C 180 i 10.4
Oleic acid C 18:1 60 14.5
Linoleic acid C 182 20 9.5
Linolenic acid C 18:3 9 47
Icosenoic acid ~ C 20:1 2 -
Erucic acid C 22:1 2 -
a31a7 2.6 8efLszneud 18enms n 15 Tada
B mﬁﬂszna‘u Cellulose Rape-seed Shell
[15] [14] [16]

Methanol - - -
Acetone - - /
Ketone ! / /
Aldehyde / / /
Acetic acid / - /
Fatty acid - / -
Furan and derivative - - /
Amide - / -
Phenol and denvative - / /
Pyridine - - -

14



15

Maria do Carmo Rangel Wazame [17] #n1MTIUTomfounseuIumsiasouauss
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Masuda tazane [18] Anwinauiiull 18 lumssinduaisdseooutalasnisuous
=3 L4 2 g = 1 @ e o 4 =4 - 5/
sz lemininveuranndonaninniswann1uduiuannnzandy lsonlSvuisunis 14
Qs ' o e & r . . .
ﬂ?LiQﬂ{]ﬂﬁU'lmd]lﬁuﬂ rare earth metal exchanged Y-type (REY) zeolites, nickel supporting
. . d ¢ 4 . 2
REY(Ni-REY) zeolites UDZHAN 180500 14 (FeOOH) 11199370 REY WAy Ni-REY UUA1N150
4 o o v qV 4 = v o ¢
nlaou Taseaafravesidiuminnarothudomaann1d uaswmanlenson leaaisogan
o . . F a e Vo ] oaa o I'4 o '
0391 52NOUVOY phthalic acid 1A 9INMIITeWD IR UFASounanleason ledidudaiss
aan H a Qs = [ 1 e = =
fnsonmmzanlunstiingy Vuen uedlau uazimi luu lag'lidmldifave i
3 = a |l e — e = o v FN
anmadutlSuauin uagmansauanuios hlumin s 18 laomadudiduasy
o e = o =1 = ° a [ aao,
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¥ ¥
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] = a = 3 a ] Popov-y [=] s a ar 1 = o oY v
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welsduswlgnsor las TudnsSinmwosaiiu i lvifadesnzna lAveinsveuvewuna
= o o =5 g [y 3 ] o 1 ey, i o :
wanduaIgadeTovaz 80 1infouny 40 lunsmii ludinsldeus s Ao delins 1dFauiu

» ¥ 1 3
o a = o ¥ o o ]
s1udUATIvIndu Mldufanlafilslasiaunazaisueulasenlonanas ua



16

¢ = - o ] a a o 3 o oo .
A usuNanen lamAuy uaasliviu Yszdntamlumsiifdad§ise water gas shift
¥ v »
o ] W 3 a at 1 o e ' o & ar ) oae
Wuanasmuduaiinis dg1vesansal it uadszAnimmeesdusadfaseluns
[ = n’: = =
aawenlsznevesdaiulanuedos
Watanabe wazaniz [21] Anyiniswialalasiounniuaa (nglnanazwaglon) dw
o ] oo =4 . . Y =] = ar q ¥
dusulfisonyes Imfioluaniig supercritical water uaz lninisdSouhoudunis Tyld
a ] -~ e = ~ [ ] d'vly b1y ] =ao iT = u’: =
aasalfisurnanrizdeanu wod lalasisun1dninmslddusalgasoures Tadiodud
a T 1 y = [ ' o T ooy 1 o
Usnmmnaniieeaumuien/Sounoudunms ll¥dusalfiseor Taamgnanidenl9ives
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3.1 maasuuinidnlsladaonmnasneusings

3.1.1 Yaq aunsamazaismainldlunisnaaes
1. gnsains In s laga dagalii 3.1
»
2. AMNAZNOULUTDIIN decanter
o
3. unatulasiau (99.999%, PRAXAIR)

o d
4. I

Therme couple

heating tape

vent

reactor

@g furnace
-

I

waste form decanter

N,

3U# 3.1 gunselmavin In s lada

83190



18

3.1.2 IEMInaass
o= a = @ { o ° &
gunsainldlumsiInTs TaFauansdsgdd 3.1 Taviindnnisiiou fe mnaznew
3 a & a P Y Y [y o2
U uFu910 decanter 3zgnussyaslmnieslfnsal 3alasuanuiounnmnnauien uayil
: a o A a e o =

msflouufialulasioud Il el fnsolifemndaduaifi idainnis nls lagasenuen

o a o Y o ¥ e o = '
wsenlfnsal TasdasimstloundatuTasouszgnatuguilendiniuguuna wagimsgu

' v A = ¢ a e g A = o
uialuTaneulvfounsudiginiofnisl Kaadusidignniveninannieslfnaally

4 = ' : ’ 4 = = o LS 1

anuzudmezmAouiidginTesntuuiuiigangi 0 °C narudundasuviveunas diu
o ' 1 T ' ] d = L]
ufaAnudu 1y 1dazgnildeugussornia uazezdeowlisimssinns Inls lagaey

nwhanseafnsel

3.2 maesuuausalfiseauIBnas vy (Impregnation)

W

3.2.1 Yaq gunseluozansndinlilunisnanes

L]
o

1. 1w

2. finnesuua 250 ml §1um 2 1o

3. Magnetic stirrer

4. ATOURTNS

5. MUY

6. ATUNTIARULIA

7. maneon laminsansAi (Fe,0,, Wako, Cat. No.096-04825, purity 95.0%)

8. 103 Inuowlunsneen lud 1alewnsn (Zr(NO,), 2H,0, Wako, Cat. No.48066-00,
purity 99.0%)

5. ¥ RO

3.3.2 T5n15NAa8s

1. Farmiin Fe,0, Uag Zr(NO,), 2H,0 AuA0In1s

2. azaumsaeedani RO adluuasnined

3, funau Fe,0, i RO e ITuiffoduadu

4. MEAMIAZAIY ZH(NO,),-2H,0 nslufinneifd Fe,0, wiouiluniunaoana

5. s ¥ Teuigaingd 100 °C suud

6. ualiunanzidun wazi Tnfiganad 500 °C ifhunan 4 $2lus

7. b 1l lSauiaunzfavina ey lueg 300 - 850 um
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w aaa = ' & d nN @
g. Ansafnsoild Woude laiiiu 2r0,(YyFeox Tao Y fio iwlesiaud lasvinmin

o Pt
YDUTDI IALHY

3.3 ms’nﬂﬂauﬂﬁﬁ?m (Reaction experiment)

a ¢ = e
3.3.1 jag aunsamaz aminlglumsnaoes

a o o L litin) as =
1, gegUnsudmiunasoulfnse aegn 3.2

q a
»

2. i In s Tager

2. Tulasiunsgns 99.999%
L

3 U

4. vaganem

e
3.3.2 3EmInaneq

- oy : o S ¥ o : = o ¥ A

msnarevlfntevenifunldeants nlsladaaznoutiudei lasldinTes
= o oo u’: = as 1 ooy ¥ 4
Ugninuuuaussynaafsnngli 3.2 lumsnaassezisadusslfisenliegasananang
:, o = ' 4 a 4 .

wounuw Touidu nls ladmdrginsonsald o syringe pump (F =1 gh) uazld

- 4 : I Y- 3 = o
TuTasiouduufami (v = 15 om’ min’) Wemsdeduiilfatoinelunioadfnseiuds
a o - = & ’ L4 a =) o A w o a oo a
wanfmviezesnvInen3oalfjnio laskugnsalnuniunguunll 0 °C mednduHAnd ol

A‘TJ = a gy ’ a o a&i-j o d 1 g o A PR
i uﬁlaqmm‘nqm‘ngnnaq TIUNBDIRGANTUNNL HLlﬂﬁi’ngﬂlﬂ‘U UQQLﬂULLﬂﬁ“ﬁQﬂﬂﬂgﬂ

L4 ]
maﬂﬂﬂmmqﬂnsmmuuuu

S
feedstack

thermocouple

/catalyst

furnace .
heating tape——! :)

gas pack

trap

lce+water

31l 3.2 yrensoldmiunsnameuilfise
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o d 7
34 ﬂ‘ﬁ?!ﬂ‘ﬂzﬁﬂdﬂﬂ‘wﬂﬂﬂ

diilwislase SinszvesmlsznouTasdintowdaTnsu Innsmiifisansteda
WYL FID (GC; Shimadzu GC-17A; FID) Hag A5 12H420 GC/MS (GC; Agilent 6890N, MS:
Agilent 5973) column DB-Wax #1230 m. spit 50:1 Injector Volume % pL, Oven 240 °C,
Temperature Program 100 °C — 230 °C (hold 2 hr) rate 3°C/min uaz%mw:ﬁﬂ?mm A UOUAIWY

CHNS analyzer (Perkin Elmer PE2400 Series]])

& W 4 o a d o o A |24 oa
wandumveunad gnir llainazvesddsyneulasldinTeafalnsun Inns Wi

AR 393UV FID (GC; Shimadzu GC-17A; CP7549 Porapak Q, FID)

a [y d o =a o o« 9 - [ [ ar
nandumuneg JnsizvesndsznanlasldnsesunglnsuiInns WALFws2939
WUV FID (GC; Shimadzu GC-17A; FID) tazinsaufa Insu1 Inns M AnaIa 529 3au0Y TCD

(GC; Shimadzu GC — 8A; Activated carbon column, TCD)

3.5 MRS EvgueEuiRvesiusalfiden

ﬁ?!ﬁﬂﬁﬁ?m 1A ﬂzﬁﬁ')u X-Ray diffraction (XRD; Siemens; D8 Advance)



& a ¥ o [ N ~ = ' ' Y o N o N
wnansiidwenasianubdmsunislynuienisnwiniiu lueygislmihlulsyszlesuaunisan

lunnsailag edu BnviamudiludiauUadilent uavnesendisaivetenaisynasanidnisiluly
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a.1.2 panlsznevveniniuinlslada
a o 1 : ar Y b q‘ 4
vinmsinsizvusanalaule ainiunis lagm ArwaSewnalnsuiIn-
»
A5 (GC; Shimadzu GC-17A; FID) wudiiimsuewusgiovas 16 Tamimin uanalnsuiin-
unsuldaegn 42 waznamsiadSuvimmiveou lelasiou uazlulnsiou dunes

CHNS/O analyzer HARIAINITNT 4.1

L »
A15197 4.1 Han 15 i USuasueu Jelanioy uas W lnsouhniniuInlslaga

msueu le1asiou Tulasiou
(ovaz Iamimin) (Fovaz lanimin) Gevaz Innimiin)
12.629 8.851 0.510

¥

I3
1%
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A
L
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i
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‘e
frse ]

34 4.2 Tasu Insunsuveainiu In s lagasnnisins widunewda lasurnns

- W

AAMIIVIAULY FID

= o ' : o o - :

1ngU# 42 Tasun TnunsuuaasidimunlniniIn s lagai 1dvnninaz newin

a s o o ] ] o = I's a
wwelimsdsznevlalasmivewiuesnszasvoguinnii 100 ¥iis lasiesduszneud
NIUFUAULTA R Methanol, Acetaldehyde, Acetone, Acetic acid, MEK, Ethyl acetate,

4 aa o P
1-butanol (0% Phenol ‘NU']J‘EU'I(HFIMlﬁﬂ\ﬂUﬂTJ"NH 4.2
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4; = v .- o - d. - ' ar - Y
M31an 4.2 Yiumesndszney luiniy In s lageins watsauugsaonnis sz A

wipwRa Insu Inns MnLsws293ALL FID

paralsznou Wnamiususevas
methanol 4.2
acetaldehyde 0.6
acetone 2.2
acetic acid 20.0
MEK 0.7
ethyl acetate 0.1
1-butanol 4.7
phenol 4.1
others 63.4
33U 100

o ¢t A [ a = = o [} o " &
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, i % A . , % AL

Ao Foes 4 a AN CLLAY 4 a

HIWTBDND HREOND

1 methanamine 86 16 3- amino-1,2,4- triazine 53

2 methyl Alcohol 2 4(1H)-Pyrimidinone 53

k! pynidine 93 eyclopent-2-en-1,4- dione 43
2-4 — pentadienenitrile 93 1H-Imidazloe,1,2-dimethyl 40
2-pyridenecarboxalaldehyde 64 2-cyclopentene-1.4 —dione 37
picolinamide 64 17 2-cyclopenten-1-one, 2-hydroxy- 96
N-vinylpyridinium 53 3-methyl

4 2-propanone, 1-hydroxy 80 1,2 —cyclopentanedione, 3-

5 2-cyclopenten-1-one 87 methyl 90
2-clyclopenten-1-one, Phenol, 4-fluoro 72
3-methyl 59 2-octene 64
1 H-pyrazole, 3-methy! 46 1,2 -oxazinane -3-carbonitrile 58

6 2-cyclopenten-1-one, 2-methyl- 93 18 phenol 93

7 acetic acid 91 19 2-pyrrolidinone 87

8 2-propanone, 1-{acetyioxy) 64 {1,3)diazepan-2, 4-dione 49
2,3 —butanedione 47 2(3H)-furanone, 5-butyldihydro 40
2-pentanone 47 1,3,2 —oxazaborolane, 2-buthy! 38

9 1,4 —hexadiene, 2,5 —dimethyl- 80 20 1,4:3,6-dianhydro-.alpha.-d- 95
ethanone, 1-(2-furanyl)- 45 glucopyranose
2-furyl methy] ketone 45 2-methyl 2-pentnoic acid 50

10 | 2-cyclopenten-1-one, 3-methyl- 94 1-pentene, 3-ethyl 50
2,4 —dimethy! furan 72 cthyl ester of cyclopropane
furan,2,4-dimethyl 72 carboxylic acid 47

11 propanoic acid 90 2-propanoic acid, 2-methyl-,

12 | butnoic acid 76 ethyl ester 47
hexanoic acid 53 21 | 3-pyridinol o1
pentanoic acid 53 2(1H)~pyridinone 80

13 2-furanmethanol 95 4-hydroxypyridine 78
3-furanmethanoi 87 2-hydroxpyridine 72
2-(1,2 dideuteroxy ethyl)furan 72 2-aminopylazine 64

14 2(5H)-furanone 68
3,4 —dihydropyran 59
cyclopentanone 49
2-methylbut-2-enal 43
2-aminoxazole 43
2-propenamide, N-methyl 42

15 Acetamide B6
cthanamide 86
propanediamide 64
guanidine 56
guanidine(carbonate) 38
hydrazine, 1-methyl-1-propyl 37
cyclobutano! 27

16 4H-pyran-4-one 90

59

4- cyclopentene-1,3 —dione
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4.2 manaapul §isen

o o W d

4.2.1 ssndsznevluwdnium

[ [ s M J 1 o an W o T oo o fa a

Alpulandanuait laninmsnageulfnser Tavldaus alfnsvunaneen lagniau

o« -1 ] 1 = ¥ : a -
o3 IadisAu3tannznousuiudSuindosar 5 Tavviimin (2r0,(5) FeOx) nan1ay
| »

[ i o [ = 0 ° a «
Sas1aumsAaRuTensd a1 L1, guugdl 400 °C, W/F=4 h gmi I imszvinunimdae

{1393 GC/MS UaRIng 1anaguTl 4.4 uazmsiai 4.4

Abuncanty 1C. o0 0D

11
10 12 13 14 15

] “// ]

71
"!{\ ”'1\ tﬂ"s L 27 rrem B
Ty » 10.00 1200 34500 1600 1200 00 21,00 24 90 600 00 Rnw 17.00 Hoy

A0GO00] 5

113 4

430000

20000;

33,14
A

U 4.4 TnsinInsuns vveandaiueti o nms nageu §iT o 1ao 19 al§A3 0 Zr0,(5)-FeOx

3nsevasunies goms (damusaifiudiiaeain)
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19197 4.4 3RS EnEUVBINTRT LA IRV InnITNATeUURAsu1 TnuTinszdAaunsee GC/MS

(Fwnueadiudvitnzain)

WA ¥on1s % AL NFels
1 methanamine N, N-dimethyl- 46
2 methyl alcohol 2
3 pyridine 81

2-4 — pentadienenitrile 70
cyclobutane,1,2-bis{methylene) 64
4 2-cyclopenten-1-one, 2-methyl- 46
5 acetic acid 91
6 1,4-hexadiene, 2,5dimethyl- 52
ethanone,1-(2-furanyl)- 38
2,4-hexadiene, 2,5-dimethyl- 35
7 2-cyclopenten-1-one, 3-methyl- 93
furan,2,5-dimethyl- 53
1,3-butadiene,2-methyl- 46
propanoic acid 58
2,4-hexdiene, 2,5-dimethyl- 38
2cyclopenten-1-one, 2,3-dimethyl 27
10 phenol 94
i1 2-pyrrolidinone B0
12 phenel, 4-methyl- 45
13 phenol, 3-methyl- 91
phenol, 4-methyl- 53
14 3-pyridinol, 2-methyl- 86
15 3-pyridinol 87
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a & T ¢ 1

422 dszanEmwlumasal §psmve anansenluariinnieg

) o & ) o oe o - 1 [ ] o o 9 =1

Worhdus s gAseundnesnledsiind1ag Taun imanoonlaainsanisal van

» [} ¥
ponladinsanisAnlfuaamainlon (@aanefldlunsdSuaninde sasimistlouti s
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