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Thesis Title A Feasibility Study of Inorganic Industrial
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Abstract

The main purpose of this research was to utilize industrial
wastewater sludge for producing briquettes. The sources of
wastewater sludge were from pulp and dye factories. Young
coconut shell was used to mix with wastewater sludge in order to
increase the heating value of sludge. The experiments started with
pre-treatment of sludge by using aerobic and anaerobic processes.
The optimal mixing ratios between sludge and young coconut
shell were also studied. The improvement of the quality of
briquettes by burning them into charcoals was conducted at the
final stage.

The results obtained reveals that the optimal mixing ratios
between sludge and young coconut shell were at 1:1, 1:2 and 1:3
by volume. The pre-treatment of pulp and dye sludges by both
aerobic and anaerobic processes significantly reduced the level of
smell. The highest heating values of both pulp and dye sludges
were found at the mixing ratio 1:3 (sludge: young coconut shell)
at 3,398 and 2,851 cal/g, respectively.

In addition, the improvement of the quality of briquettes produced
by burning them into charcoals had proved the significant
increase of heating values and decrease of smell. The heating
values of burned briquettes of pulp and dye sludges at the same
mixing ratios of 1:3 were increased to 4,736 and 3,729 cal/g,
respectively. When comparing the results in term of testing the



efficiency of use as fuel with charcoal, indicates that both burned

briquettes and charcoal were similar. However, the burned

briquettes were easier to be ignited.

Keywords : Brigquette/Wastewater Sludge/Heating
Value/Aerobic and Anaerobic Processed Burning into
Charcoal
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n.1.1.1 gunsal

-Erlemeyer flask 125 ml

“Water bath fimuauaungi 14

-Hydride Generator GBC HG 3000

15103l

-Potassium permanganate 6 % wt/v : 82818 KmnO, 30 N3N Glm‘imé’uﬂ%uﬂ?mmlﬂu
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n3u Tuiindy Y55 s00 35

-Standard Hg 1000 mg/ml (ppm)

-12 N HCI
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Y o . a ' Y . . Y 1 )
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Y 1 a I 4 a 1
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A . Y o ng Qy 9 1 oy <3 1 a 1
4) 1o digest W lauani flask anaane A lueraiudu Aveq 1AY 6 % KMnO, 1wguine
unszlszna 15 wil udafeeidn 6 % KMnO, 9naunszie 1dd119v049 permanganate ion
i1 k4 9
5 U 5%K,S,0, 5 %% 1ieliina Oxidation VD4 Orgamercury Compound danal3
v 9 9 v [
petos 4 411ug wionadwan Tuseuil He Tudedzgnlaoulledglugd He™ 4

Y A
ﬁﬁﬂiﬂ‘l’iﬂﬂiﬂﬂ T3 AA.
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1) Anansazats (NH,OH)- H,SO,NaCl 10 % luensazarein1adedu wilidhin
awansazarelaTaeiild Mno, innazneuazaionun

2) USuSuasidlu 100 &% 1 Volumetric flask Seindu dana 13 e azaeiiosi
T/ um He 1o (91992@04 centrifuge)

3) JalSunaaienTed A.A. Taess U raptor 14 closed system

N.1.1.4 MIAIUINU ppb VDI Hg LAY As

]
IS

ppb = (M1 IdnAnTed — MNe1u'laan Blank )x Y31103N151ER)x dilution(d15)

:j v ' o ¥ [
umuﬂm@mmh(ﬂsu)

n.1.2 mﬁm‘nxﬁm Total Cd utas Pb 1un1nmnau
n.1.2.1 gUnsaiuazindeaile

1) 100 ml Kjeldalh flask

2) 50 ml Volumetric flask

3) Beaker

4) Kjeldalh heater

5) Atommic absorption spectrophotometer

asmiinaziion
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1.1.2.1 MIAUIU ppm VYOI Cd
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U | A =) 9
ﬁ@ oas1aIuNIanelsuag ‘H'lul,ﬂiﬂﬂﬁllﬂﬁ

P=m/V
' o 3
Tag p Ao ANURUIUUYDIITANAADN (g/cm’)
Ao mamaﬁaﬂmam(g)

A a o 3
A% o ﬂﬁu?@imﬂﬂ?ﬁﬂﬂﬂﬁﬂﬂ (ecm’)

%
1.2.3 Anaziionznou

13 dunadeauilar uazduiadioiio



99

adaa d A Y &' a (Y]
n.3 'Jﬁ?!ﬂﬁ131’1ﬂﬂ!ﬁ@lﬂﬁﬂ1\‘]ﬂ'lu!‘]f@!WﬁQsUf’]Q')ﬁ({I‘ﬂﬂﬁ@Q
- X )
n.3.1 USanamnuru (Moisture content)
MMIInTEHaItnnsgu ASTM D5142 Tae  daedrevzgnisnlianudounsingungil
15230 104-110 sersaEod o 11T ziMeanana10e19 USuannusudmiuialdainii
MUNYDIAIDE 19 NANAY

Y
e

Y
VUADUNTUATIZH AL
=\ [ [] o Y [} Y =) 9 1 1
1) 1938UAI9819N92049 1AsRINT VAR89 1 az0ealdITOUFNIUAZLATIVUIA 60
mesh (250 lm)
o w (] [y [ 9 d! (] d‘ a &Y de‘d zﬂl o‘/
2) harednaans 1 nsuldasludienuIidsegluniesinizion lulaniinie
] 4 a 4 o o g’ Y] Y] 1 1
agmelu TaainTeslnsgragimsruiminuesdednuazdaenu lnounisou
o o (] ~ 1 9 A a = I )
3) himseudredsiiogludrenu lWiguiigll 104-110 eeruvaiBoailunal 1 521w
Yy Aa a 4 U dy
Tagldmaslulasmuilnnuusgniuinnid 99.5 % uagaudu 1.9 mg/l
4 a 4 o o oy o @ [ [ < QSI
4) 195093z MIFaimiTnuesdlogazdrenu Tvdamsouasaau

gasnlglumssunn

Y Y Y
UT1uaNusu (%) = (IhWinaedaneuel - 1HINAIBE19HaI81) X 100

Y
WHUNAI0I1NNOUDY

n.3.2 Usmnaasszivie (Volatile matter)
o a 4 a, @ ' . a
HMMIAATIZHAWITIATFIL ASTM D5142 Taw  dredvzgninlianuieungumngil 950
I o3| ~ Y o a g‘ v o I A
+ 20 pesuraBed 10w 7 1N wardaalTnamssgrenmimindlediananas
3 a I o csy
TUADUMIAATIZHUAIT
= % 1 [ 3 1 Y = Y 1
1) 1938u619819NA0091A81IINTUAAI9819 1 azRALAITOUHIUAZINTIVUIA 60
mesh (250 .lm)
o w 1 o [l = § 1 4 a d v A
2) tharedanaaes 1 niuldasludienu liwieudlarhdsedlunTesinsizrionTuia
Aa A v I A a J o @ 2} @ Y Il Y Y
nlinTestiegniely  Tasnioddnszdaziimssaiminvesdiedranazdrenu lunseush
ABUNTIA
o o ' { { a IS
3) shimswndredieiegludrenu IWatas dregungill 950 + 20 essuaaiioa 11
~ 9y A a o J di’
na1 7w Tagldmae luTasnuiinnuusansunnil 99.5 % uazAudu 1.9 mg/l

A a J o ] 3’ o @ ' Y Y v
4) !ﬂ'ﬁ’é)\‘l’llﬂ‘iwﬂ‘1]5‘1/]1ﬂﬁ°INu11/1‘1!ﬂ"11f]x1@]’3f)EIN!Lﬁ%ﬂ’JEW]u]IV\IWifJiJPh UAINITIN

s 2
BERGAT



100

gasnlglumssuin

Y 1 Y
v A

Y
dminnmell (%) = ahmiindleg1aneuEn - 1ninA108191aH) X 100

Y

MU NAIDE1ND UK

Y H
v A

Y
Saesseme (%) = dhminnwell - USunannuiuy

n.3.3 1330081 (Ash content)

o a o a, @ v { a

MM ITIATTIN ASTM D5142 Tagiedazgninlinnuieuiigungd 750
= o 912‘ o Y o oy o Y A A A Y o

parrarraaunszn Idihminvesdrenu Isuduihminveudimdonsi  udiduow

a gz v o ' { ' [ < 4

Psinadmimindredsimaesdnendimsmias vy

z a I o csy

TUADUMINATIEHUAIH

Y L] a 4 9 [y L] 1 Y 4
1) Taredranaassnnmsimsiziaisszmennde 2.8.3 Tasarednegludienu i

A

12 £ ' A a d o wa A v '
lidlarh &sodlunTesiinszvon Tulianiinioesogniely
a < = 9 = ) A
2) anganglveun1n1n 950 1 600 esruraiFed uaulasuainma lulasnuniieg
< 4] a a = [ g}’ A a < =
Tiiflumaeendouusgns vasniunuguugiveuauilu 750 e usaiFed
4 a J o o g’ v @ 1 o 3’ v
3) eIz iImsruhminvesdiedaazdieny Ivunsznuiminuesdoe
o g’ o Y A A A
nulswduihmidnveudiinidonsi

~q Y [
gasnlslumsania

Y Y
USuand %) = ahmindrenuliwdowd - dmindaenu i) X 100

T Ao v
uWﬁuﬂﬂﬁﬂﬂNﬂﬂﬁﬂﬁﬂﬁl%’

J o
n.3.4 YSanamisueunan’ (Fixed carbon)

A a s A A A A =~ o Y
ﬂ'E'J1J3NWmﬂWiU@u%!Waf]iﬂﬂﬂ’lilWWﬂQﬂ!ﬁ@lll 950 D3R ALBYT Tﬂﬁlﬂ'll!')ﬂ!hlﬂfﬂ'lﬂ
a 4 @ dy vy
ﬂiiJ'lil!ﬂ'liU'i)uﬂ\‘]ﬁ'J (%) = 100 - (% ANUTU + % 11 + % T1ITSLHY)

1.3.5 YSaaumuzOUsIU (Total sulfer)

9
o a 4 a A, @ 1 a o 1
MMIAATIEHANITNIANTTIU ASTM D4239 153t naaeuuuy C Tagdied1aioinaisanniog

a =

{ ] %) a
QﬂlWWIUWITﬂiQﬂi%‘U@ﬂ (Tube furnace) ﬁqmﬁﬂll 1,350 @Qﬁﬂ‘ﬂf'ﬁl%’ﬁlﬁiﬂEJWWHﬂWG]ifJfJﬂGm%uL"IQh

U

lilieoond ladimzduludiodilieoglusimadamlos lasonlod Mauazeymainann

Y 1 Y
M3t Trgifiazmu 11§49 Anhydrone (Anhydrous magnesium perchlorate) [OANIUANUFULLAL



101

[ { ] o" o [ Y a [
ounn mamaoszr1d 1 uaddad Infrared absorption detector (IR) dmsuinil5imda
rd o 1 A 1Y d' [ Y d’ [ 4 v
o3 laeonled na1nfe WawIUN Detector T ldazanauilosnindamlos lavon lvagaduie

Y
U v

P Y A i {’] o 1 o a ) s o a &L a
hl?%ﬁwaﬂﬂiuvlaﬂaﬂui]m uﬁ@ﬁﬂuﬂﬂﬂilﬂmcﬁm‘i/\lﬂillﬂﬁ]’f]ﬂ]l‘f]fﬂ‘l/]!,ﬂﬂﬁllu @Quuﬂilﬂm

o (Y 3 @ 1 A 1 o 4 4 Y Y 1 A 1A
fuzounaualudredneglugldamles laoenluaszgnialdedisaeiiiowusiiiosninms

4
=

Y = ~ 1 Y A A A 9 v KR 9 =} =}
Jatlumsdanlseueuanuuana1auoanasunTodlon 19 lumsinveaosimsaa el
(Calibrate) 1ne1% Standard reference materials NiUSuNARWzaUlUTINATOUAQUAIDE1IN
Y a 4
ABINSAATIEH
Qa: a =% dy
TUABUNMITAUATIZHUAY

o . 4 a Jd a o 1Y
1) $1M15 Calibrate 1A5091AT1EHTINUA N Y
2) gl luaused1atios 1,350 ossusaideod
[ Y [
3) ¥arhmindee1e udInTza18d706191U Combustion boats taz 1y Boat puller (AU
o 1 Y o " Ay A o 1 9 ~ A o Yy
aednIiegludumisifounigavounimn iinmswediados 2 1A Wioaunsznur Idod1s
4
ANl

A I 9 A a Jd a ° Y ° 1 1o v Aa 9
4) mmmm’im!,mmiammiwwﬂimmmmau%mmimummmauwamﬁwﬁqlﬂ

1.3.6 MAN3U (Heating value)
1 Y] ] a 4 @ ] { :’ v ]
A1AINT BUVBIAIENAINITOIUATICH Ia laemsiudled19nns 1w minuy weuly
Isoperibol oxygen bomb calorimeter Mg lddn1ziitmua Auaumsianuiou lannguugin
TuiinAneunazyrasnniidied1agnis Ingd 18291081 Thermochemical corrections §1FUAN
Y~ 1 a 1 oy o % [ a @ 1
anufou JaumvestSinannudounetiminves fed1e vielsuavesdieda
QsJ‘ a I v dy
TUADUMTUATIEH AT
a A . A qod doa A o
1) Wan3ee Calorimeter tazna F1 o lidun Heater uagszuniindwsuiiau a
A 2yy oy o A A ¥ A o 1 ~ v 9
1n3eene ediios 20 wil omTeansouiagit1auzlsingA11 Stanby NueuyuATUEE
V9390
Y ] ' Y [
2) 1hA9618 Wemaiuanad (250m) wdald Idinninfuiveulszinm 0.5 nfu
Yy A ) = a ) 1 09.: o a Y 9)31 o A ]
(IaTesteaziBoanaiioy 4 dunia) nniuFansawulsenld laiminnuiueutlszana
o Y o YY) ] Y~ < 9
0.5 n5u udnimwaunudedisazoatudialagly Pellet press
o w [l 1 Y & o Y .
3) e ld 1310 Capsule #319190U Electrode vo9gnuontl 1aa1# Fuse Wire 1oy
Y 1 ~ 1 o [l P = 4 Y 9
nuaregnedlu Capsule Wnnldlugnuewiniasazaeuasgiulsmfounsueiadudu
[l =y ’q Y ] Y o & a Yy [ o v &Y
0.025 N 8¢ 2 ml Uagnueniilviuiu udrdameyesndaulituseau 30 atm (Uadenia
poNFaU 15U Regulator 19HAMUAY 450 psig) Taenatlu 02 Fill IHan)szana 1 uifl 1nTeq

=\ J a
wlanaleansaued



102

4) 111 Inner bucket mmsmf"mé'“u 2 @n3 91N Bucket filling system (qquﬁmmﬁymﬁ
Sndgangiives Jacket Uszana 3-5 osmuwaiFed) udaldluaios Isoperibol bomb
calorimeter 119gnuoNinTon1¥aslu nner Bucket MntuEeu Electrode aaeeiadaiy
Qﬂuauﬁclﬁ'uﬁu wadtla Over cover

5) ﬂ@ﬂu Start 1150 Shift start $ousn Energy equivalent ﬂlmgﬂmuﬁ (Cal ID) iy
#29614 (Sample ID) vingaee (Sample wt) viinvosnsanm Tesn (Spike wt)

6) Lﬂ'iﬂ"eN Isoperibol bomb calorimeter ﬁ]zléﬂJ‘ﬁNTH Tagazuaadi Prepariod Lﬁ'ﬂmi!m
hl‘l’ifljé'u?q(ﬂm wﬁﬂmﬂumiﬁmummm?m Isoperibol bomb calorimeter A9 Calorimeter jacket

a

Y] aq Y A A 9 A a Y v 1 o Y
winygunglldniiaaoanar luvazianudouininannmsen luddedgildgungi
A -4 1 o < 1 [ a

V94 Bomb LAg Jacket MUY ImMsaremanusousrwaniios 11152119 Bucket AU

tﬂ' . =1 Y] a 1 1 d‘ Y d‘ A o
59U 1AT04 Calorimeter 3zAIMIInguriglodNAvLiiod HavesnNUToUNgyHe linTogmi

Y 051} IS Y1 [V A

1Fuinsuna lngon Tuua

7) iionTeergaiuaziinaoonu luanyMZY0 Priliminary heat of combustion 19

A < 9 ] o £ A a J a 7 ..
AR Key Done AT09iNUMaNInaand 3 lumiiennud FuniesiuWazun Preliminary
report
a ° P A ' o o ] o )
8) 1A Cover WgnuauiieanainnIedlasesmalugnusuiioand ) aunIzNIANAY
PR o P e o A a o
melugnueniiminuanuaunssema 1WagnuentindId Aot naundaududInnos
(Metylred : Bromo-cresol green Tugasidiu 1:4 azanelu Ethyl alcohol 91474 250 ml wseu1d
& o : & i &
11U Stock solution ) UATENITTAazAwNdoenuiwldsunndduiludmendrdradoe
3’ v = :/l o usz’ (] =1 4 ~ Q)dyddy
1MAaUDdN 5-6 A5 I sazaenavvalaludinnesvuia 250 ml (esazaten ladnady)
o AN Y 9 o ~ o ™
9) Whesazaten lannde 8 lawmsanuasazateuasgiu IHaeuns UOIUAIUNTZNS

= a a s A a9y A A 3’ a a = 4 ~
fuoe auamweslasunndauiludeleuiindy Usasvesaisazaia Tsaeunsueiuan
o { 1 o 1
14 lasasouiv 2 ml A1 lalugnuentiilus c,
o . = A 9 o oy v o g’ @ . I
10) 111 Fuse wire trao1nm3wn Iudangaiminfiuiamniimiinues Fuse wire 131
A C, (ANNUSUVDY Fuse wire (MR 1,400 cal/g)
v E2
1) dmsuannudeuvesnsawulssnnieasziiulnndsnnteuanimiinueg
a { I 1 1 a [ Y
nsauulaani Idiius ¢, (manudouvesnsawuTudn i 6,318 cal/g)
12) naily PRT ldvmnaaudiedn a1 C,, C, uaz C, wiesrziiiumanuiouiiia
9 a’/‘ . . 9y a Jd 1 Y d‘ a
91M3 11 1MINIHNA (Gross heating of combustion) HAINUNHABENNT AIANNIOUNAAIN

v & v
ﬂWﬁLNWUl‘I”i‘JJ“I/NWMﬂTﬂUlﬂﬁ]'IﬂQ'ﬂi

H, = tE-C,-C,-C;)/m



103

Tag H, Ao Gross heating of combustion
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15 86.8 15 31.1
18 92.8 18 31.9
21 96.3 21 32
24 96.8 24 323
27 97.1 27 32.6
29 97.1 30 32.9
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39 33.1
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nannf) | gamgiindedi 1 Co) | narani) | qamgiindedi 2 Co)
0 30 0 31
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16 97.9 18 64
17 97.9 21 65
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