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##4370342521 : MAJOR ENVIRONMENTAL ENGINEERING

KEYWORD : ADSORPTION / CEMENT REPLACEMENT/ CHROMIUM / BAGASSE FLT ASH
THEERACHAI WATTANASAKULAKE : ULTILIZATION OF BAGASSE FLY ASH AS
ADSORBENT MATERIAL FOR CHROMIUM REMOVAL WITH SUBSEQUENT
SOLIDIFICATION OF SPENT MATERIAL. THESIS ADVISOR : MANASKORN RACHAKORNKIJ,

Ph.D.., 114 pp.ISBN 974-17-4811-6.

This research was conducted to determine the hexavalent Chromium removal efficiency of and the
Chromium adsorption capacity by bagasse fly ash, a waste product from sugar industry, before solidifying with
cement and adsorbed bagasse fly ash. The batch experiments were carried out to study the effect of initial
concentration and initial pH values of synthetic wastewater containing Chromium. The adsorption of Chromium
was studied over a pH range of 1.0 - 6.0 at each initial concentration.

The results show that the Chromium removal efficiency of and the Chromium adsorption capacity
increased when the initial pH values of synthetic wastewater decreased. The highest Chromium removal
efficiency was showed at pH of 1. The equilibrium adsorption was reach at 30 minutes for each initial
concentration. The Chromium adsorption capacity was approximately 0.60 mg/g for each initial concentration
over 20 mg/l. On the other hand, the result of condition in term of initial concentration showed the Chromium
removal efficiency related to the initial concentration negatively. The adsorption isotherm for Chromium
removal was fitted in the both, Freundlich and Langmuir isotherm.

The experimental results of cement fixation indicated adsorbed bagasse fly ash could not be classified
as a pozzolanic material according to ASTM C618 requirements. Adsorbed bagasse fly ash — cement mortars
showed slightly lower compressive strengths than the control. Adsorbed bagasse fly ash — cement mortars can
be used to directly replace portland cement up to 10 percent by weight with a 1:2.75 ratio of binder to sand and
a water to cement of 0.5. The 28-day unconfined compressive strength of this optimum mortar mix possessed
satisfactory strength of about 67.10 percentages of the controlling sample.

Finally, the Chromium leachability of all adsorbed bagasse fly ash — cement mortars met the

regulatory limits of the Department of Industries (1997).

Department ....... Environmental Engineering...... Student’s sigNature ..............coceevevennnn.
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40, (42.20)* 1 28.61 1.07 32.20 0.68
(43.00)* 2 BPmnl, 2.07 24.87 0.53
(43.76)* 3 36.76 3.05 16.00 0.35
(43.12)* 4 39.40 4.09 8.63 0.19
(43.48)* 5 43.29 5.06 0.43 0.01
(42.76)* 6 42.73 6.08 0.06 0.00

50, (54.60)* 1 37.90 1.05 30.59 0.84
(53.30)* 2 43.57 2.08 18.26 0.49
(53.60)* 3 47.63 3.09 11.13 0.30
(53.10)* 4 52.14 4.06 1.81 0.05
(53.40)* 5 53.17 5.09 0.44 0.01
(54.00)* 6 53.87 6.07 0.25 0.01

100, (103.60)* 1 91.10 1.06 12.07 0.62
(104.00)* 2 94.60 2.05 9.04 0.47
(104.00)* 3 97.60 3.03 6.15 0.32
(104.10)* 4 102.67 4.03 1.38 0.07
(103.90)* 5 103.40 5.04 0.48 0.03
(104.20)* 6 103.67 6.04 0.51 0.03

' A ) = S Ao 72 ¥ A o Y a Y 1awa
UL - ﬂﬂ,u (7 )* ﬂ'ﬁ]ﬂ'lﬂ')']illfl]ll‘lluéllﬂﬂiﬂililﬂilsluu']Lﬁﬂ?fﬂlﬂi']%ﬁﬁﬂﬁuﬂmiﬂﬂqﬂﬂiﬂﬂ1ﬂﬂﬂﬂﬂaﬂﬂﬂ1i



v Y v
319N 04 uaaalszansmmmsnidalasdeyluindeInsdondunsizrnanududu 100

(103.40)* un./a. Moy 1 TasldHdaosmudosi/suia 20 n/a. Nnaiaee

naiFlumsiven Fnvaindendamsnaaea Yoazmsidn
(A) ANNTHvealnsINeN (n./a.) e

0 103.40 1 0

1 99.57 1.03 3.71
3 97413 1.05 6.06
5 95.80 1.03 7.35
10 93.40 1.03 9.67
15 92.67 1.03 10.38
30 91.23 1.03 11.77
45 91.53 1.02 11.48
60 91.73 1.03 11.28
90 91.20 1.02 11.8
120 91.30 1.04 11.70
180 91.49 1.01 11.52
240 91.27 1.02 11.73
360 91.32 1.02 11.68

J A Yy 9 = 3’ a o 22 9 A a Yy a Y a wa
LTS - mlu ()= ﬂammmmlmlumaﬂmman1uunaﬂmmswmsmummﬂu'lﬂ%iamﬂwmﬂgmmi
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v Y v
319N 05 uaasanuansalumssisalandouluinde Insmoudunsizrinanud udu

$ A d $ =) 1
100 (102.40)* un./a. newsudwiu 1 MadraosnusesniTinunie

Rnashaesnudes | gaududulassion | ey | Zemazmsiisa | MANNENNsEIUMINDA
(n./a. ¥indeeny) @nJ/a) (0.0 191208 1U08)
0 102.40 1.00 0.00 0.0000
5 97.60 1.02 4.69 0.9600
10 95.27 1.03 6.96 0.7130
20 89.70 1.04 12.40 0.6350
30 86.97 1.04 15.07 0.5143
40 83.37 1.07 18.58 0.4758

' A Y 9 = ¥ -4t 7A g A4 a Y a Y 1awa
LS - m“lu (_ )* ﬂ@ﬂWﬂ'J']ilLﬁllil"UuleﬂﬁIﬂililt’lilﬂluu']L?fflﬁ\uﬂi'l%ﬂliilﬂuﬂmiEliJ]lﬂ‘ﬂiﬁﬂ'lﬂﬂf)\iﬂaﬂﬁﬂ'ﬁ
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M1ei v1 MMasuLsIdaveNeIMFITNAILAZNeT MNANA a0y IUd e IUMI AT

= Y o,; v A ] v Aw 1 gj 1A J
IﬂiliJEJiJiE]EJﬁ$ 10, 20 t1ag 30 IﬂEJ‘L!THL!ﬂ NILYTLINUN 7 IU NOAITITIUUINDHINUA

AN
é”mwdamiwia%muﬁ(wm) Zoazmsunudi | msdeiunseda fosazidada
(NN./AT.HU.)
0.4 0 364 100.00
10 228 62.88
20 141 38.90
30 70 19.42
0.5 0 430 100.00
10 262 61.08
20 165 38.44
30 82 19.08
0.6 0 349 100.00
10 212 60.73
20 134 38.59
30 64 18.39
0.7 0 284 100.00
10 59 59.48
20 37 37.24
30 18 18.37
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M1ei 12 MMasunsIaveNeIMFITNAILAZ eI MNANA a0y IUdpETA UM AT

= 9 31 o [ 1 2‘ 1A S 1w ~
Tﬂilllﬂiliﬂﬂﬁ% 10, 20 ua 30 TﬂEJ‘LHWL!ﬂ Iﬂﬂﬂ@lde’JuLﬂ@@%mumVHﬂU 0.5 M

F2UZIAUUANNY
Zogazmsunuidi szoznaUy (3u) AMMAITUUTION $ovaziaedn
(NN./AT.H6U.)
0 3 351 100.00
7 435 100.00
14 485 100.00
28 Sib2 100.00
10 3 235 67.02
7 261 60.03
14 284 58.48
28 306 59.78
20 3 145 41.39
7 186 42.83
14 197 40.68
28 206 40.26
30 3 17 19.46
7 21 19.46
14 29 23.95
28 35 26.45
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M1519 A YoyANINAABINIFLAZABVBINDT A WAUE1ABUSEsNMIUMIgAdy TnsitionTooas

3] @ H 1 [} H [ [ 3’ 1 d
10, 20 182 30 lagi1vin Nszezna1uy 7 T4 NoAS1EIUINADFUUAAIE

sandanhaeyududnanacs | Josazmsunudi Moy andutulasdion (un./a.)
0.4 0 12.39 0.00
10 12.22 0.00
20 12.06 0.06
30 11.88 0.09
0.5 0 12.34 0.00
10 12.15 0.05
20 12.11 0.08
30 11.77 0.13
0.6 0 1236 0.00
10 12.13 0.07
20 12.09 0.10
30 11.78 0.14
0.7 0 12.28 0.00
10 11.98 0.08
20 11.95 0.11
30 11.64 0.15
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MNASFIMINTNDINT TN UQAMIHN IS NNAZ HANQATIHN T TN
2’ =) U = d' 1 3 d‘ A dy ]
“Yude” vuennud veudened luanmusunal sauiaamsnlziluvieluileusy
v
Tuvoavaniv
“II” Hu1eANI Hudeineannsdsenounans 159UgAa NI HI0AN
] 9 ' Y
RENKNTIN Mzszeasguraciiasisue nivesngdunadon waglimneanusiwduinge
Y v '
vInms livesauauswisannenssudululssnugadmnnsunie luliaugaa1nnssy

Yy 9 [

g‘ g <3| o A o J

a0 Tasrhnsdeuilu llawmasgiuauaumsasgunerineisimua 3 lulsemad
o @ o o ' o A o d a4 A v
“msthiiainde” nureawal nszuaumamuiedsvlsuindoie 1hiduldaw
3’ Qy A o Y a 4 =
wasgIunIugunsszueinendimua 3 luilsgnansenirainemaasimaluladuay
v ' [ Y E4
Aunadeuntiui 3 (WA, 2535) 159 uUANIAT FIUAIVANMITZINeNININEai Al szm
a lz dys) ag 9q Yad o Y A

TsenugaamnssutaziangaaMns sy uane i i la3smaiIviveas

Yy 9 v
11Wliﬁ”lu‘ljWﬁﬂfﬂ”IﬂTi\N”Iu’q@ﬁﬁﬁﬂiimm%ﬁﬂnq%ﬁ”mﬂiiuﬁﬂﬁ”ﬁﬁﬁ \|

M Yy 9
M31ah 9 llW]iﬂ11!131‘ﬁiﬁ]TﬂIi\i\’1THQ@lﬁ?ﬁﬂiiultﬁgﬁﬂMQ@lﬁ1WﬂiiN

nndimes ANNATFIU IBInH
1. manuiunsanazang -5.5-9.0 - pH Meter
(pH value)
2. Miidod - alifn 3,000 w0/, w3000 | - spvieudsiigangd 103-105
(TDS %30 uanA1AAlsTINUe °c a1 $2Tu
Total Dissolved Solid) HHAIT OIS Uiilﬁﬁyﬂ 139

Yszinnvealsanugaain
NITUMUNAULNTTUMNS

a < 1
AIUVANNANHINUTUAITLA

13ithiu 5,000 un./a.

3. 415UYIUADY - 3 50 wn.J/a. viseen - e UATEMBNTed londd
(Suspended Solid) UANAILA AL TZIA NV (Glass Fiber Filter Disc)
undssossuihnanio
Yszinnvealssnugaain
ASTUMUARUZNTTUMS
ANV LALATIA

TaitPu 150 wn/a.
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M Yy 9
M31af 9 UW@]ﬁﬂWuﬁﬁﬁ\‘]mﬂTiQQTHQ@IﬁTWﬂi‘JNLLﬁ%ﬁﬂMQ@]ﬁ‘TTHﬂ'iiiJ (99)

mdimes AMMIAIFIY Az
4. quvigi - laifin 40 °C - infesSagainaiSavaiziins
(Temperature) fud0819
5. dwsonau aifuiifiefaRe “lai'l@fmua
6.5a'l@ - laitfin 0.1 un /8. - Titrate
(Sulfide as H,S)
7. lyen'lug -l 0.2 un/a. - nduazA R85 Pyridine
(Cyanide as HCN) Barbituric Acid

Fd
8. 1fuuaz Tuiuy

(Fat, Oil and Grease)

- laitu 5.0 wn/a. ©50019
1 Y 1
UONALAAT 2N UD
F Y

UNALT 0I5 1IIININT
Uszianvelssnugaay
NITUAUNAVLATIUNT

= =} 1
AIUANNANBIAUANAITIA

Tyihu 15 un./a.

- afadledinazaleauenin

v Y
hminveainiuuas luiiu

9. Wlosuad lad

(Formaldehyde)

iAo wn/a.

-Spectrophotometry

10.815152nevWluea

(Phenols)

lyhu 1.0 un/a.

AAULAZAUAI8IT 4-Amino-

antipyrine

11.n205U0a5Y

(Free Chlorine)

- TPy 1.0 wn/a.

- Jodometric Methode

@

12. s leileaiuusoaimin

A o

fing iy nseda?d

u

(Pesticide)

4 1 Aas
- fodluasranumuns

A51FUARIHUA

- Gas-Chromatography

13. il ToA
(Biochemical Oxygen

Demand:BOD)

- TPy 20 wn/a. 50019
1 9 1
HANALA AT NUD
F A
UNAIT0I5UIINNINTD
Uszinmveelssugadam

ATTULA 1N 60 UA./A.

a

- Azide Modiﬁcationﬁqmﬁﬂu

Q

20 °C Wuna 5 5u
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M Yy 9
M31af 9 iJW]iﬂ”ﬂ!ﬁWﬁ\‘]’MﬂIiNTLlQﬂﬁﬂ‘fﬂiimm%uﬂu’f}ﬁﬁ”mﬂiiﬂ (99)

a é
WINNLADI

AMMIAIFIY

¢
ANTNH

[e)]
=)}
o)

14. ad u
(TKN %39

Total Kjeidahl Nitrogen)

- laiPu 100 wn./a. ¥39019
1 9 1
HANAIIAATIANVD
v Fa

UNA950I5UIINNINTD
Yszinnvealsanugaaiy
AFTUAMUNAUENTTNMS

a I~ 1
AIANNANHIHUANAITUA

Taitfu 200 wna.

- Kjeidahl

15. A% 0@

- laithae 120 wn./a. N30019

- Potassium Dichromate

(Chemical Oxygen uanAguAIallsTInNUe Digestion
Demand:COD) WMA45995 1151 i
Uszianuealsanugaan
N3 FUALAAMENITUNT
AMANUAN BT UANAITUA
laistiu 400 wn./a.
16. Tavigniin - Atomic Absorbtion

(Heavy metal)
1. danzd
=\ a 9 4
2. Tasienyiaany1aun
(Hexavalent Chromium)
3. Tagdleuwia lasdun
(Trivalent Chromium)
4. N9UAY (Cu)
5. upauilew (Cd)
6. WUIT 83 (Ba)
7. 92N 2 (Pb)
8. Unina (Ni)
9. AN UA (Mn)
J a
10. ©151%UN (Ar)

11. 110383 (Se)

~lyihu s.ownsa.

- Tuthu 0.25 wn/a.

A 0.75 wna.

- laiifiu 2.030./8.
-l 0.03 wn./a.
- laisiv 1o wnJa.
- laiifiu 0.2un./a.
- laisiv 1.0 wn/a.
- laisiiv 5.0 un./a.
- laipu 0.25 wna.

- Py 0.02 wn/a.

Spectrometry 1A Direct
Aspiration %3073 Plasma
Emission Spectroscopy ¥iiq
Inductive Coupled Plasma : ICP

Kjeidahl
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M Yy 9
M31af 9 iJW]iﬂ”ﬂ!ﬁWﬁ\‘]’MﬂIiNTLlQﬂﬁﬂ‘fﬂiimm%uﬂu@ﬁﬁ”mﬂiiﬂ (99)

¢
ANTNH

[e)]
=)}
o)

é
WM3iA3 AMINIFIN

12. U50% (He) - l3isPu 0.005 wn./a.

d’ a 7 =t = v o A v A A
M - dsemensgnsranomaasima luladuazdunadon ativi 3 (W.7.2539) IUN 3 UNTIAN 2539 (TB
v v
o o A ' o A a aa 4
NIUUANIATTIUNITISUIIUINN i]'lﬂLL“I’iﬁ\iﬂ']!uﬂ‘ﬂig!ﬂ‘VIIS\N']‘LlQ@]’ﬁ'Wiﬂiiu!!ﬁguﬂﬂq@]ﬁTﬂﬂiﬁN@WNW

Tus1wniaanpuny @i 113 aeui 13 9 a9udl 13 puanius 2539
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£ 4 4 ¢
51l a1 inFesFaimiinaiinazidun 4 duma

/44 ’17’4 .
QQr: ¥

f 4
i ) ¥ ;/
ahd .“4/]A
F 4 N - )
{}," saé P ;/J :Xj

317 92 1nT03TAN0Y (pH meter)
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y 4 )' ' o v o v
317 95 1nT0anAde U1 VT 100

/ ‘
Y -4

517 96 19509 VGV (Rotary Agitator)
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51/ 98 1nTesezaouinueuwesFuminlas TWTaiines

(Atomic absorption spectrophotometer)



' NS =

7 T/ n\“\‘q’mﬁ

9

310 910 130N DL
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LSS~ T

:i 9 Y i 1 [ 4
g‘lJTI 911 1D190YFIUDDYNDUIDUNIUASLUNITUUDT 200

4

H v ] 4
gﬂﬁ 912 Li.gIJ']a’fJfl"]f']l‘!ﬂaxﬁﬂuﬂ'lu@lguﬂﬁilﬂﬂi 200
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51/ 213 Aounesarsssuaise iwoeNiIuMIgady Iasitoy Tag

' |
{ o9 # o 1 o
UNUNIHUUATOAZ 10, 20 Baz 30 g1l = 0.5 529U 7 WU

AOUUINBUINT )
ANRINITUNINE AL
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Wy FIeFe Jauanaen MATuN 27 QUAMUT 2520 NIMIAQUa¥sIH duse
msfnylTyanimnssumanstiuga @191IRINTTNAWNAdN UINeTdema Tuladnsy
v ~ = Y =K @ a a % a
vounal suls 1wl wea 2541 dhdnunluvdngeslSyaniaanssumansuriniuia

a a a J a @ 4
ﬁ'lﬁlJTJ%']'JﬁfJﬂiiiJﬁ\uLfJﬂay@N JWIINTUNIINYIAY Lﬁﬁﬁ_l W.F. 2543
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