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Pitchapat Kullama 2011: The Efficiency Comparison of Reactive Dye (RBBR) Adsorption of Pine and
Teak Activated Carbons and Activated Charcoal Norit. Master of Science (Environmental Science),
Major Field: Environmental Science, College of Enviroment. Thesis Advisor: Associate Prosessor

Kanita Tungkananuruk, M.Sc. 109 pages.

The objective of this research was to study the optimum conditions for Remazol Brilliant Blue R
(RBBR) adsorption using activated carbons from wasted pine, teak woods and activated charcoal norit. Three
activated carbons had average particle size about 30 mesh (502.5 pm) and surface areas at 118.3, 0.58 and 831.3
ng'l, respectively. The response surface methodology (RSM) was used for the optimization of adsorption
condition. The factors at 5 levels included dye concentration, pH, shaking time, adsorbent amount and agitation
speed. From the results, it was found that the relation between dye concentration and agitation speed significantly
affected RBBR adsorption of pine activated carbon. The optimum condition of pine activated carbon was 140
mgL'1 RBBR concentration, pH 11, shaking time 270 minutes, adsorbent amount 5 g and agitation speed 200
rpm. The optimum condition of teak activated carbon adsorption was 50 mgL'] RBBR concentration, pH 11,
shaking time 270 minutes, adsorbent amount 5 g and agitation speed 50 rpm. The optimum condition of activated
charcoal norit was 150 mgL-1 RBBR concentration, pH 12, shaking time 270 minutes, adsorbent amount 0.5 g
and agitation speed 110 rpm. All factors did not significantly affect RBBR adsorption. It could be summarized
that the activated charcoal norit was the most efficient (14.60 mgg']) due to its highest surface area. The second
was pine activated carbon (1.35 mgg'l) and the worst activated carbon was teak (0.46 mgg']). Further
experiments showed that the RBBR adsorption of all three adsorbents was according to the Freundlich

equilibrium.

The gravity continuous flow adsorption experiment showed that the commercial activated carbon could
be used for the longest period 360 minutes; whereas pine and teak activated carbon lasted only for 230 minutes.
The best recovery efficiency was obtained from the commercial activated carbon. The adsorption of RBBR in the
factory effluent was also studied in the batch experiment without any adjustment of its quality. The commercial
activated carbon showed the best adsorption efficiency at 103.38x10” mgg ', the second was at 9.76x10” mgg

from pine activated carbon and teak activated carbon was the worst adsorbent at 9.30x 10° mgg'].

Student’s signature Thesis Advisor’s signature
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6.2 UHUANABUNIS (Contour plot)

v J 3 . 9 A 2 A1 A 1 A
LLN‘L!ﬂ'I‘Wﬂ’E]HVI’)ﬁHJH’E]HﬂﬁJ (Series) ¥DTY n3onI1NaINMNUU YO ULAZAIN
Yy o o A A o I Y
ﬁﬁ]ﬂﬂﬂ@\iﬂﬁizﬂﬁﬂlﬂiﬁﬁ]%ﬂ‘ﬂlﬂaﬂuﬂ,ﬂ UAUNINADUNITUHAYUVUTDAAADINUVTUNIT
anoesiasIvaen 1 1w Mound-shaped, Stationary ridge, Rising ridge itai¢ Saddle aaaaglu
aa A

A o a9 3 1 di' a
NINN 13 (D) Tﬂﬂ!tﬂuﬂ’lWﬂﬂu‘ﬂ?ﬁ‘ﬂﬁi’NLﬂ‘LlllN‘L!ﬂ'l‘W 3 U L3N LHUNTWNUNT (Surface

plot) AguaaalunImi 13 (V) (eY A3, 2549)

© N

Mound-shaped Stationary

Y @
W &) &

Rising Ridge Saddle
(M v

operating

conditi:

Expected yield E(y) =n

4 v v Jd a ' j a
fﬂWﬁ 13 (N) ANHUSUDIUNUNWADUNITFUANC AL (V) BHUNIWNWURT

M131: 0143013 (2549) 11ag Montgomery (2005)
6.3 msesnuuudIvdszaunaiy (Central Composite Design, CCD)

a Aa o Y g o o a £ o w
silaveamseenuuuindeminnlydmsumstszunadulszans luaunmsdau
ndoe Taoligiuunasaunish 10 9aegluilszinnues Composite design 4 Central composite

< : . =
Ay Composite design UV U (Cornell, 1990)

y = Bo+ I Bixi + iy Bixd + 2 N Byxixj e e (10)



Y = aulsaovaues (Dependent variable)

X = awlsoase

Iy v g
Box and Wilson (1951) ldtauemseenuuuil Iifluaiwsnuazisenoudaoga
YDINTNAADI 3 A

{ { g’; ] 9 § [ %
999 1 Ap NALYUUAUNNITINAUYDY Square, Cube #3530 Hypercube HAV0

@ . o o U dy <
520U (Coded variable) ’dmiuqﬂmmui}mﬂu +1

a9 2 A 99 Star point BTUIUMINY 2k TABIABZIAILOEH 19910 Center points

Y T 4 I 4 [l ] .
agszezitnnue o Tas o= V2k 3uilunisnaassioglungunisnaasuny Rotation

) @ = < v o &
design M3NAADIFMF Star points WemTudadnvalldaail ¢o, o, ..., 0), (0, 0, ..., 0), ...,
(0,0, ...0, +0)

¥y 1

= A 3 AL o Ao .
9991 3 Ao 99 NNINANVOINITOBNUDUNDYANYNU (Coordinate) (0, 0, ..., 0)
Y )
11 A9 1o

=\

%Ziglji’)\iﬂﬂﬁ"”lf”m”lﬂﬂ’j

oY

AMIAIUIUNIA Pure error 1UNITUATIZHAMINATOUNI
VIANNUNOA

a q

] = A 2 o T A
AYINUI1UDY RSM ﬂf’)‘ﬂ')”liJL‘Ifill”l%ﬁ'iJLLﬁ%i]ﬂVlLWNTZﬁNWQﬂQUINLﬂUWWﬁTU

a

) . o = g = 0 9V A q9a )

AUUINBDUNINITNAADN mlﬂum@mamzmmGlflf“lumi’ﬂammmwaimﬂﬂmmgﬂﬁmﬂlum’i
9

Uszia lagn1easainivua (Montgomery, 1991)

29



30

6.4 MIAOAULUIADA (Model selection)
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M3190 3 ITMIAUIANDNAADY Lack-of-fit Test; LOF

uraeiin df SN MS = SS/d.f. F
Regression P SSieer MS; e F, =MS;../MSE

Error n-p SSE MSE =§’

LOF (Subtraction) SS, ok MS, ¢ F,=MS, ,;/MS,;
Pure error Y, —1) SS,. MS,,

Total n-1 SST=S,,

9Y v

v H 9
1NA5 19N 5 annsanadeuauuATIMNeInUauMIAdeD Il Ao
(1) H,: aumsoaneeliannsnadield (Model does not exist)

H,: aum3inanoea31eld (Model exists)

3

1d0@ne F,=MS,_ /MSE; v=(p,n—p)
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99

df SS ms F
LOF 4 907.705 226.9263 2.5092
Pure error 15 1356.58 90.4387
Residual 19 2,264.285

MS1IEUINT 3 MIMLIUA F ainaumsiiloguduaums (Lack of fit) Msgadualeniy

fuiudan lifdn
df SS ms F
LOF 13 2.,440.655 187.7427 1.3727
Pure error 7 957.385 136.7693
Residual 20 3,398.04

MSWUINT 4 M3V F 9Inaumsiieduduaums (Lack of fit) MsgaduaIgniu

HUUAUDIN
df SS ms F
LOF 11 3329.581 302.6892 3.0460
Pure error 7 695.609 99.3730

Residual 18 4025.19
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Ad' d' A d’ A v Y 9 U (% Ly 4 Y
ATNNUINN S ﬁﬂTJg‘V]La’E]ﬂL‘W@ﬂ15EJHEJ‘I!Naﬂ'li‘l/lﬂﬁ’E]Qﬂ'liﬁ]ﬂ“ﬁllﬂ’.lﬂﬂ11!ﬂ1111u¢]5]’]ﬂl111ﬁu

GRRYR AT szeza 5w - Y
gams } , . AnuiEIsen ;
ddow  few W e )
naaod . . GOUA) g neaed
(un.J/a.) (W) (NTN)
1 90 11 270 5 200 12538  95.28
2 120 11 270 5 200 109.75  96.34
3 110 10 240 45 170 111.96  95.00
4 70 10 210 45 150 101.01  97.72
5 140 1 270 5 200 9533 96.42
6 100 10 240 45 175 103.98  95.09

d‘ A A A A W v 9 U v o J Y o
MINNNUINN 6 ﬁﬂ13$1/llﬁ’OﬂL‘WE]fnﬁfJ‘LlEJ‘L!Wﬁﬂ'lfl"l/]@a’E]\‘Iﬂ'liﬂﬂ‘ﬁfllﬂ’)ﬂﬂ1uﬂ‘JJ3JuGﬁ]'lﬂhliJﬁﬂ

AN seazal  Usuuan 2o yas s AaT
YANIS » L , . AUI3ITOU v
a0y WY e AN A
NA[DI NE | ani) 0y GOU/UIN) e Naaed
1 50 11 210 4 150 73.259 84.91
2 100 11 270 4.5 100 96.126 82.10
3 100 11 270 S 50 94.191 88.94
4 100 11 270 5 100 95.941 82.75
5 50 11 270 5 50 88.991 92.52
6 50 11 270 5 100 90.741 83.93




101

MWW 7 anziideniemstudunanisnaasInIsgatURIeaUANILALETN

GRRYR AT szeza USwd) ) Yotz nsAad
gams ) , 3 AIEIT01 .
adon  Tew 1w A )
naaod . y oUW yhung  weaed
wn./a.) (W) (n3W)
1 150 12 210 0.5 110 96.23 80.33
2 90 12 200 0.5 110 98.50 88.65
3 90 1 180 0.4 125 93.40  87.18
4 90 1 200 0.5 110 93.02  83.19
5 140 12 90 0.5 110 9526  72.91

3 %% v J J @ o [ o
ﬂ1§NW1—!'Jﬂﬁ 8 ﬂ’NiJﬁilWu‘ﬁizﬁ’JNﬂ%MTQ‘!ﬂ’JﬂWBU (M) uaz%’aﬂasmmwu%%u RBBR

9 U v o 9
ﬂjﬂﬂ’luﬂnnu@ﬂqﬂquﬁu

Ysunadigady SoonNMInAtY

(M31) Asait 1 asaii 2 A 3 Ande S.D.

0.5 28.55 28.81 28.92 28.76 0.19

1 45.84 46.00 45.96 45.93 0.08

2 70.20 69.90 69.62 69.91 0.29

3 89.00 88.40 88.26 88.55 0.39

4 94.85 95.12 95.17 95.05 0.17

5 98.18 98.46 98.06 98.23 0.21

6 98.98 99.33 99.36 99.22 0.21

7 99.48 99.80 99.99 99.76 0.26
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d‘ o o o 9 ) 9 1 v o d
AT NHUINT 9 ﬂ%lﬂm@n@ﬂ“ﬁﬂ (N3W) HaZIvYATNTRAYUFTIDN RBBR AN IUNNNUAIN

i¥dn
Usnudlrgady fooazmIgady

(GEEY) Asait 1 Al 2 At 3 Minde S.D.
0.5 39.98 40.00 40.26 40.08 0.16
1 56.77 56.97 56.75 56.83 0.12

2 74.36 74.33 74.16 74.28 0.11

3 86.37 86.56 86.55 86.49 0.11

4 96.55 96.25 96.31 96.37 0.16

5 96.88 97.11 97.04 97.01 0.12

6 98.76 98.99 98.82 98.86 0.12

7 99.24 99.55 99.38 99.39 0.16

d' 1 Y o 4 [ 9 v A9 9 1 % ) 4
MINNHINN 10 Vo unuiueg (n3W) HAZIDYASNITAATUHYDN RBBR A8 1UNNNUA

UPIN
Ysnudagady $oonznInady
(M3) A 1 A 2 A 3 Ainde S.D.
0.05 45.92 46.32 46.23 46.16 0.21
0.1 70.34 69.87 70.10 70.10 0.24
0.2 89.17 89.44 88.99 89.20 0.23
0.3 94.23 93.98 94.10 94.10 0.13
0.4 95.22 94.79 95.18 95.06 0.24
0.5 97.91 97.50 97.96 97.79 0.25
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suuan
. Co C v q 1/q 1/C log q log C
AN R
. wn/a)  (Wn/a) (@as)  (unJ/n)
(N3W)
1 140 69.0778 0.05 2.9333 0.3409 2.9333 0.4674 1.8393
2 140 38.4444 0.05 2.2325 0.4479 2.2325 0.3488 1.5848
3 140 14.6222 0.05 1.8854  0.5304 1.8854 0.2754 1.1650
4 140 6.3222 0.05 1.5178 0.6588 1.5178 0.1812 0.8009
5 140 2.2556 0.05 1.2549 0.7969 1.2549 0.0986 0.3533
6 140 1.0000 0.05 1.0562 0.9468 1.0562 0.0237 0.0000
7 140 03111 0.05 0.9102 1.0987 0.9102 -0.0409 -0.5071
d‘ 4 o ' v o Y o
MININUINN 12 ”laTcnmaiamﬁmmmmmuﬂmumm%ﬁﬂ
suuan
. Co C v q 1/q 1/C log q log C
AN .
. wn/a)  Wn/a) (@as)  wnJ/n.)
(N3N
1 50 19.7111 0.05 1.2972 0.7709 0.0507 0.1130 1.2947
2 50 11.7444 0.05 0.8478 1.1796 0.0851 -0.0717 1.0698
3 50 6.1667 0.05 0.6581 1.5194 0.1622 -0.1817 0.7901
4 50 1.6556 0.05 0.5500 1.8182 0.6040 -0.2596 0.2189
5 50 1.3667 0.05 0.4429 2.2579 0.7317 -0.3537 0.1357
6 50 0.5222 0.05 0.3761 2.6588 19149 -0.4247 -0.2821
7 50 0.2778 0.05 0.3261 3.0664 3.5997 -0.4866 -0.5563
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U

. . Co C v q 1/q 1/C log q log C
19T _
3 Wwn/a)  @a/a)  @as)  Wn/n)

(N5W)

0.05 150 74.4185 0.05 32.4648 0.0308 0.0134 1.5114 1.8717
0.1 150 40.7630  0.05 24.6463 0.0406 0.0245 13918  1.6103
0.2 150 13.9000  0.05 15.6810 0.0638 0.0719  1.1954  1.1430
0.3 150 7.0037 0.05 11.0287 0.0907 0.1428  1.0425  0.8453
0.4 150 5.6556 0.05 83558 0.1197 0.1768 0.9220  0.7525
0.5 150 1.8259 0.05 6.8761 0.1454 05477 0.8373  0.2615

MINHUING 14 WIATFIUAUNINININGDINTTINUGAAIMATIUHAZTANYATIHNTTY
ABUAUNIN AMNINTFIU ST RILERER]

1. manudlunsanazaia 5.5-9.0 pH Meter

(pH value)

2. ANAea (TDS ¥3e

Total Dissolved Solids)

TPy 3,000 up/a. WIBBIIANAY

uamaazlszANYe I aIT095 U

7 X A
Hinearselszinnuealssaiu
2aTIMNITU ﬁﬂmZﬂi‘iNﬂWiﬂ'}‘UﬂM

a < 1 1A
MaWHLWu’ﬁNﬂDiLl@qNLﬂH 5,000 un./

3 2 A '

Y 1 d'
A.UNINITIZVIBAIAIUINToa N
1 < a
AANLAY (Salinity) 4N 2,000 WN./A.

G ! I AaAa g = IS
‘Vii’é)ﬁ\1’6;(‘1/]$Lﬁﬂ1ﬂﬂlﬂﬁ1ﬂl&1lﬁﬂ%$ﬂﬂ1

v
1 A A S A ]

1 1 %’
mﬂmmmmaﬁmuagimmmm

9
o

! A 1A
Aseensovmziald linu 5,000 un./

a.
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v A ’é 1 aAa 4
UAUN NN ANTTIU FUATIZH
3. @151VIUADY Taidu 50 wn/a. ¥5021UANAN  ATOIIUNTZAIHATOI

(Suspended Solids)

1 1 4 90’ Qi}
ué”umﬂszmmaummimiumm
A
#301521ANU01531UATINNTTY
A o @ % =
nwsolszanvesszuuthvaunae
AUNAUENTIUNITAIVANNANY

< m 1 a
muﬁumi!,mulumu 150 Un./a.

4. QUU gﬁ (Temperature)

Taspu 40°C

a [

InS9IAgUYgl  In

@

) < @ ]
VYUSNINITINUAIBDYIN

Y

1
A 1 3 { @ ' o
5. Avisonau Tugluniesunes Tuldmviua
y 1T a 1 (% U o
6. untuuaz i TRy 5.0 wn/a. WI00UANAN anAAledIiIazaley

(Fat, Oil and Grease)

Y 1 1 o
L!,a’JLmazﬂizmwmmmeimi‘1J
3 <K A
u’]ﬂ\iﬂiﬂﬂiglﬂﬂmaﬂiﬁ\1\31u
Q@ﬁ’lﬁﬂiiﬂﬁ’lﬂﬁﬂm$ﬂiﬁﬂﬂ15

a <3 1 1A
ﬂ')ﬂﬂllllaW‘Hlﬁu’ﬁuﬂﬂillﬁqulﬂu 15

un./a.

Y ¥ @
UAIYNUIUIUDUDN

50’ u o
nfuuag T

7.1 Tef (5 TuN
gaungi 20 'C)
(Biochemical Oxygen

Demand: BOD)

TsitAy 20 wn/a. viseuanaaud e
Uszinnveaundssessuinmg  wie
UszinnvesTssanaad1nngsy a1
AUZATTUMIAIUANNAN T UAUAIS

e 1Y 60 Wn./a.

Azide Modification N

Aa o I
UM 20°C 1Wluan

@

57U
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M519INUINT 14 (71D)

v A %’ 1 aAa 4
ATUAUNTNU ATNIATITU DIAUATIICN
1 a a2 . ra A 1 . .
8. A% loa (Chemical lufu 120 ¥n./A.15901911ANANY Potassium Dichromate

1 ! g g . .
Oxygen Demand : COD) uauaazdsLianveauadsess I Digestion
Y A
ﬂﬁﬂﬁ@ﬂﬁglﬂﬂﬂlﬂﬂi'i\iQWu
ATINNITY ﬁ?NﬂﬂﬂlZﬂﬁﬁNﬂWi
a < 1 [
AFUAVUANY  IHUTUAIT Lm"lmﬂu

400 un./a.

d‘ (% a 4 =3 A 9 ] d'
3 aaudaannisemeansznsiameraans ma lulagduazdaunaasy RjUN 3 (W.A. 2539)
! 9 Y f ° N
(599 MAUANIATFIUAIUANNTIZINONNNINUUAIR AU 2N 159UATHNT T
a [ 4 a o a ] $ H
HazlANgAEIMNTIN A9IUN 3 UNTIAN 2539 ANV IUTIBNIYUNYT 1NN 113 ABUN

139 a9Ud 13 puamiug 2539



M519NNUIN 15 A1 t (two tailed)
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df
0.10 0.05 0.025 0.01
3 2.3534 3.1824 4.1765 5.8408
5 2.0150 2.5706 3.1634 4.0321
7 1.8946 2.3646 2.8412 3.4995
9 1.8331 2.2622 2.6850 3.2498
11 1.7959 2.2010 2.5931 3.1058
13 1.7709 2.1604 2.5326 3.0123
15 1.7531 2.1315 2.4899 2.9467
17 1.7396 2.1098 2.4581 2.8982
19 1.7291 2.0930 2.4334 2.8609
21 1.7207 2.0796 2.4138 2.8314
23 1.7139 2.0687 2.3979 2.8073
25 1.7081 2.0595 2.3846 2.7874
27 1.7033 2.0518 2.3734 2.7707
29 1.6991 2.0452 2.3638 2.7564
31 1.6955 2.0395 2.3556 2.7440
33 1.6924 2.0345 2.3483 2.7333
35 1.6896 2.0301 2.3420 2.7238
37 1.6871 2.0262 2.3363 2.7154
39 1.6849 2.0227 2.3313 2.7079
41 1.6829 2.0195 2.3267 2.7012
43 1.6811 2.0167 2.3226 2.6951
45 1.6794 2.0141 2.3189 2.6896
47 1.6779 2.0117 2.3155 2.6846
49 1.6766 2.0096 2.3124 2.6800
51 1.6753 2.0076 2.3095 2.6757
53 1.6741 2.0057 2.3069 2.6718
55 1.6730 2.0040 2.3044 2.6682
70 1.6669 1.9944 2.2906 2.6479
80 1.6641 1.9901 2.2844 2.6387
90 1.6620 1.9867 2.2795 2.6316
100 1.6602 1.9840 2.2757 2.6259
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