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Abstract

The objective of this study was to developing mathematical models for Moving Fluidized Bed
Bioreactor - Granular Activated Carbon purposely managed to utilize the treated wastewater. The result of using
MFBBR — GAC, a highly cylindrical acrylic tank with spiral flow connected with waste water tank, found that the
optimal correlation of these variables are as follows: a dry weight (W) of GAC was 4 kg., the initial height of bed
(hy) was 0.55 m. The initial height of the saturated filter layer (h0) is 0.55 m with the flow rate of recirculation
(Qge) between 13 liters / minute was to number impact nozzle jet water of wheel and the inflow rate of waste
water (Q,,) 20 Little /day,.It was found that the number of 24 nozzles was not different with the number of 8
nozzles. The 5 parameters of 8 nozzles that were used to construct the prediction equation are 1) the number
impact nozzle jet water of wheel fixed (n,): 3 wheels, 2) the distant pipe of lateral (d,) 0.11 m., 3) the number
of pipe of lateral: (nPL) 8 pipes, 4) the diameter of nozzle (d,) 5 mm., 5) the particle diameter of GAC(d,) 1.50
mm. The indicators of moving bed were the 0.11 m movement height of bed (hB), the 11.51 sec. movement
time of bed (ty) the 42.11 degree movement degrees of bed (0g), 26 rpm optimum rate of bed's stirrer speed
(NB), and 936 optimum rate of recirculation (R). This system can remove BOD removal efficiency higher than
96.58% of domestic wastewater, and the hydraulic recirculation time (HReT) was 2 hrs and MFBBR - GAC

purposely managed to utilize the treated wastewater for agricultural use.

Keywords: Mathematical Modeling of Moving Fluidized Bed Bioreactor - Granular Activated Carbon (MFBBR-
GAQ)
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impact nozzle jet water of Wheel fixed
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A ®) ©
(A) Characteristics of the MFBBR- GAC
(B) Relationship between Speed of bed versus 3D Spiral Flow Direction

(C) Characteristics of Horizontal Speed of bed (ux)

Fig. 1 hydraulic characteristics MFBBR- GAC (GAC
Source: Suksomboon and Junsiri (2018);
Suksomboon et al. (2019)
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1. ASWAILIANNSNSIAROUTIUsEUY  MFBBR-
GAC
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24 Nozzle Jet 8 nozzle Jet

Water of Wheel Fix Water of Wheel Fix

Fig. 2 Compare nozzle Jet Water of Wheel Fix of
MFBBR- GAC system
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Fig. 3 Experimental set-up of MFBBR- GAC
system
2. nﬁwﬂaauﬁmqmmwﬁwmizU‘u MFBBR-
GAC
NAFBUAIUALNININTDI55UY MFBBR-
GAC trifaindethuiFeuilendnamaiiuannini
forndlofussgeumngavvesimdnute (W)
widu 4 Alansuludsezaiaaldvisdnsinisiva
NUWILU(Qp) 11U11,12,13,14,15 netudde
Tnadeu wazdaduldestinge (Feeding pump)
dudedn Q) wihiu 20 ans/Su ludesauringe
(Wastewater Reactor) SspruussqundetiuiFou
20 @m35 (Pollution Control Department, 2012)
Tdnadniiunywdeu (HReT)  windu 2w
(Suksomboon and Junsiri, 2018 ; Kim et al.,
2007)
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1. NANTNFAIUINNILATDUTVBTZUY MFBBR-
GAC

ndeyaluTable 15¥UU MFBBR- GAC il
fufivesfaufinsal (A) whiu 0.0165 A3y, HANS
yagoutmtinu (Wy,) Wiy 4 nn. wudiaugs
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Suduvesdunsesdusa(nitial height of bed: hy)
wiriu 055 u. Audnsinisinanyuideu Qg
JenIN 11-15 ns/u1i 31nnsAneUIeuliieuyn
nedevhiatuuuRnane (impact nozzle jet water
of Wheel fixed) wuind1uau 24 Hadalifinau
wanssfufUsIuaL 8 hdadiy Aduanis
wasufivessiuiu 8 Wade Usenauludae 5 YJade
foloe Jadefi1suaunsda(number of wheel: n )
wihiu 1 Yadedi2 szeevieUaneviewsua (distant
Pipe of lateral :dy) iU 0.11 4. Haduii3 shuau
Wouvus (number of pipe of lateral: ny) Wity 8
vio Hadedl 4 durhugudnarshiath (diameter of
nozzle:d,) winfu 5 iy, viedadeils vuineynia
duiusiug (the particle diameter of GAC: d)
Wiy 1.5 . ﬁm’mmmqamsLﬂ?{auﬁmaa%u
n394(movement height of bed:hg) Wi1AU 0.094,
0.102, 0.11, 0.118 uag 0.126 1. LIAINTAFOUT
Y8etunses (movement time of bed: tg) LAY
12.10, 11.79, 11.51 uaz 11.02 U9 yuo3AINs
mguéuaa%umaﬂ(movement Degrees of bed: 0,)
WU 47.34, 44.25, 42.11,40.71 uaz 39.89 uay
ANEIsBUTDITUNSBY (Stirrer speed of bed: Np)
Wi 19, 23, 26, 29 way 32 50U/uUW
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Table 1 Moving Fluidized bed bioreactor - Granular Activated Carbon, n=24 nozzle jet water

Whoy Qge ho he tg GB \VJ A Surface R N
(kg) (Lpm) (m) (m) (s) (degree) (m’/m’) (m?) (Qre/Qin) (rpm)
4 11 055  0.098'0.094°  1268'12.10°  49.60'47.3¢° 1800  1634"° 792 19"
4 12 055  0107'0.102°  1235'11.79°  4636'44.25° 1800 1634 864’ 22723
4 13 055 011501100  1206'1151°  44.13'42.11° 1800 1634 9367 2526
4 14 055 0124'0.118  11.79'11.25  4266'40.71° 18007 1634 1008  28'29°
4 15 055  0.132'0.126°  11.55'11.02°  41.80'39.89° 1800  1634° 1080  31'32°

N'=24 nozzle jet water N’=8 nozzle jet water

2. Nami'wﬂaaumaﬁﬂuqmmwﬁwmizw
DMFBBR- GAC
thuan1smanIsanuYnnideiadaiiuuy
fnnny (impact nozzle jet water of Wheel fixed)
U 24 FRAAAUTIUIU 8 FIRANINAFDUNNAY
@mmwfwaﬂiw‘u MFBBR- GAC Tngtiimidnusis
(Wy,) Wiy 4 Alansudu dasinisivanyuiou
(Qu) 11, 12, 13, 14 uaz 15 @ns/undl tndedh
(@Q,) Wil 20 ans/iu I%ﬂwﬁmifmﬁsﬁqmuﬁaﬁ%%
nthudeusiasudutlen 130, 128, 150, 116
war 112 un/ans 3nnsAneiUSeuLiisugnnege
Famihuuuinae (impact nozzle jet water of
Wheel fixed) Wui1d1uau 24 Midalifinnuuaneig
AUAUTILIY 8 WIRANUINAMUNLIZAUTIUIUTOU
nWIY (Recirculation ratio: R) Wiy 976 wag
mEIseUTRITUnIes (Stirrer speed of bed: Np)
Wity 26 soU/undt fdnendled 96.58% weniide
guulagldiaadniiunismyudsu (HReT) whiu 2
Filusfawansly Table 2 lovhmsSsudisuiiu
szvulausyavslunisiivadndeiieldnie
mamwmﬁﬁﬂ@ﬂ;mﬁ%ﬁa (Roongvisai, 2004;
(BODIin) 60
un./ans anA10led (BOD) lads 15 un./ans THian
fnfuntsvgudeu (HReT) Wiy 8 v, ¥nfiroy

Sensai, 2004) A suAUTlaf LT
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AsUnUmmesEuU MFBBR- GAC anAniled (BOD)
1999 5.13 un/ans (Fig.d wag Fig. 5) Lazdunming
lulemanisinunsle

100

o8

26
94 \-\
92 ~—

90 -

88 -
—@— optimum NB=26 rpm,removal efficiency=96.58%:8 nozzle jet water

Remove efficiency (%)

86

—EB— optimum NEB=25 rpm,removal efficiency=95.75%:24 nozzle jet water
84
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Table 2 Effect of optimum rate recirculation ratio (R) and bed's stirrer speed (Ng) to the BOD removal

efficiency
Wor, Oke Q. BOD,, BOD Ng R HReT removal
efficiency
(ke) (Lpm) (L/d) (me/L) (me/L) (rpm) (Qre/Qin) (HR) (%)
4 11 20 130 13.59'12.29° 19" 792" 2 89.55'90.55°
4 12 20 128 9.42'7.87° 20'03 864" 2 92.64'93.85"
4 13 20 150 6.38'5.13° 25'26° 936" 2 95.75'96.58°
4 14 20 116 7.85'6.32° 28'297 1008 2 93.23'94 55"
4 15 20 112 9.81'11° 31'32° 1080" 2 91.24'90.18°

N'=24 nozzle jet water N’=8 nozzle jet water

39150lNan1539e

n33duaTaili TngUsrasdiilowaiaunis
¥unensiadsuiiuuuindenvestunseslulados
Ufnsalniudininuuungdladiundinans
anufududvdafia (Moving  Fluidized — bed
bioreactor - Granular Activated Carbon, MFBBR-
GAC) MFBBR-  GAC thdtinde La3osujnsal
Usgnoudiediusigera3andeUsznoudasdiu
fudfuduuudia (GAC)  vinsiUSeuiiougnnede
Wdnthuuuinaeg (Design Nuzzle Jet Water of
Wheel Fix) lngld 5 wisaiimesuseneuluaunisnis
\Aeufivesszuu  MFBBR- GAC USudnsinis
Tna3suvesnistuadsuiiolilaanuuanaisiia
flandmiutunsoanfieUsznouatuaniaindoudifio
fﬁm’gmaumguﬁ&m Recirculation ratio, R way
ANEIsEUTDITUNSBY (Stirrer speed of bed: Ng)
Amnzaudmiudidatidetudeudethiloly
Uslevin19anISiNEASNUIILIWIL 24 el
ANULANAAUAUTILIUN 8 Wadalaedl 5 W5 dlmes
un Jadeditsuaunsdanumber of wheel: n )

Uil 16 atuil 1 unsew - Squieu 2562

wihiul nedewfioy Uadeii2 szuzviadansvionaus
(distant Pipe of lateral :d,) iy 0.11 4. Jadeil
3 FuuviBuIus (number of pipe of lateral: n)
wifu 8 vie Uadeiia Lé’umu@uéﬂawﬁaﬁmﬂf’]
(diameter of nozzle:d,) whiiu 5wy, {adefis
YINBUNANUANTIUA (the particle diameter of
GAC: dy) Wiy 1.50 13.31nde@sATAANTINTEUDN
Fagadifiansluatuuuindendeusroriufamuihide
AU usTanzYes 2 fauls AetmiTnuda
(Wy,) veasuiudiudeilowdn (GAQ) wirdu 4 nn.
ArngaisuFuvestunsesdui (hy) Wity 055 w.
fudnsinisivanguidew (Qq) 13 dns/wni 1ih
nszunnyansdoRadatuuuianie (impact nozzle
jet water of Wheel fixed) Yudedh Q) Wiy
20 @ns/u wmfﬂmmqqmim?{auﬁmm%uﬂim
(movement height of bed:hg) WinAU 0.11 X. 1381
mimﬁlauﬁ%&%umm (movement time of bed:
t) Wi 11.51 3w yuesmnisvyuvasiunses
(movement Degrees of bed: 0p) winiu 42.11
fnumITELALIE e UYE LN ST (Stirrer
speed of bed: Ng) WU 26 59U/U1¥1 kazAIM
mmzamﬁ”lmuiaumguﬁﬁm (Recirculation ratio:
R) ity 976 fdnendleft 96.58% voniiduemay
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