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1  o.l'ilf\71.1610na,--Afi 

iocii 1 n7r,etni.inqweiio 

1.1 (10 MAI) winn-mioaNningioLtuu Batch loolifiliCh`tBvim 1 '6'051,LatliftinufilnYuki:10M0 1 nii_rvinfm 

vivoalLiZ,@f-M"nnAti@a virriimjadAu@miLhiLLainTAltiadian-ntaLqa$iltoo11,1,4o-n-ilifi 1 

Freundlish Adsorption Isotherm LonliFii K (Freundlish capacity factor) 
1 
— (Freundlish intensity parameter) atalm-15 Freundlish adsorption isotherm 
n 

ii 	166Freundlish Adsorption Isotherm Lilmintlivitlitimfildi"uvii@limvi@-% Ium511- ieloli-ILEStILAIAL2a 
m -ya641Litavinfiu 300 27iflniii9-1@&-i5 tfiliim5 500 Qrty-wit-ILLowialti rhnlolvifikciehun1511.117oiafiRTIL 
LiLitiTAI'u@di@Ein-il 1 riaSni'Lviok 

iii 	114 -w1-116N-iovi@IIILil@f-T-ivitIolitimiTLITIth-wriFilaniiot 30 uTti 

iv 	 Freundlish Adsorption Isotherm Vtfliatin-i@@naucti 

6'1141101i Freundlish Isotherm 

(Co —COI/ x 
	= = KC,"

m 	m 
 

log(-) = log K + —1  log Ce 
m 	 n 

9117-11`71 1 fl'ill.16i5.1411.1TN 	(co) 	TOC iiann-)taLq (Ce) 

Initial Phenol 

(mg/L) 

Equilibrium 

Phenol 

(mg/L) 

150 5 

250 12 

300 17 

340 23 

370 29 

400 36 

500 50 
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1.2 (5 Rti,LVt) 	 XAD-4 (A Lii@T jawrrAlti@a 128f-invi2a@Akvi-mmIJEA.151T-in-ilwaaa,' bed 

depth 	Breakthrough Curve lun-mT-42TA11.1@a1,1111-OuifiRTathriill 100 mg/L (Co) l'ihvIS@ 10 mg/L (Ci) 

i 	IJIL-in.m,731.ntiftunwooa@.1(S9n.) 

ii tril.rifoi-li711±-161S1(Sm) 

(SV11@SV15) 

iv 	tfilnaiLAwi@-71-1(Filaniwi@-71.) 

6-1141121111i 

- Flow rate 5 x 10 5  m3/min 

- if\ithivn7-1$i26m1RaA'aiticilivi2a@lililLvi-ifiu 0.051 m2  bed depth 0.098 m ( ■  

- 11-16S 6L'm n 	a 1 m3/day 

- u 	DAX-4 21R711.11i11.111.1,1,11.11,11-161) 1.2 kg/L 

61141.1016l 

10 	15 
	 3C, 

t X 103  

(sec) 
Breakthrough Curve 6/21rmLt Resin XAD vFlninTTA11.2a 
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2 niluanaktrtJuN 
2.1 (15 PI:Amu) l'ingruliViiuli@unritAin@nauutuun-1%ianibliocohtN07\iorM'nmvuLomi-ILSEJCienun-m3-117oLL -J 

v-ifiNalviYitillt-w-nciArt.:11-41amharnil1 2 

	

i 	. 1iiiitlivinainejlqoflionlynallTiTo1Aviam6/21 strong base anion-exchange resin 211fid  nh exchange 

capacity Lviiiiu 2.5 eq vi@m 

	

ii 	Li@vi@ln-m.7-117williir,ilun1517-161116c)toEntouuTn_Tovrilii-Jnicol 30 m3/day cIa1141 resin luat,FiSP5 

	

iii 	rhviimlif-m'crAi'lapaliviltioiatTu resin LA@Lap-rtAiltlif@uat 0.5 6otkliin-i56'L resin alltiltALyinfiu 
triL-mhiLA@Lanm ItnAlaimAai resin vilvaioftm 

9117-14 2 Nafrnlm-itiv14-ril'esininnT171611,1,6'iontutrLi-vflovneiwriv\I 

Cation Conc., 

mg/L 

Anion Conc., 

mg/L 

Ca2+  80 HCO3-  250 
me+ 21 CL 82.0 

Na+  45 NO3 80.0 

K+  16 F- 20.0 

Inollnarpim Ca = 40.08, Mg = 24.31, Na = 22.99, K = 39.09, H = 1.00, C = 12.011, 

0 = 15.99, Cl = 35.45, N = 14.00, F = 18.99 

Approximate selectivity scale for anion on strong-base ion exchange resin 11@1 

HCO3 = 0.4, CL = 1.0, NO3 = 4.0, F = 0.1 

XA+ u 	XE3÷ ga equivalent fractions 6m1 A u 	BlIn115M.'anEl 

X,q+ LLat XB+ ga equivalent fractions 'MI A an B lu resin 

X"Ei, XB+ A+ 
> 8

+ 
	= K 
1-X"B- 



Page 6 of 18 	 °s' a 	  Tvi—g 	  



Page 7 of 18 	 ij a 	  

'toil 3 nilfTiiifiail@ivilli.1111LaEl 

3.1 (3 fizit,cuti) nwtryun-i5iini.TolulAaulnnwinu Pre-anoxic fiu Post-anoxic ilRyiliLmilouLotoininlriti@d-kl'h 

3.2 (3 Anaru) .1L'iltn.ILLNLII-jii@till -imoolnTeinun-aililinlYnm@nvi-iwi@lthil',1A-1 1) itamm..1 2) lAl@olnlaila Lot 3) 

lulvImu Lot 11■1@mAloTa Lot @tulEroAnnwini'o li_itvl56v[..1 Lot lAl@alAl@Ta 
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3.3 (12 nzau) niuutiTtTojni,Solitil Pre-anoxic '31.1fitgilL -IL -innfl u,at eiwnmEnati 	 vIoou 

4nouvi@ltli.1 
I  vrwin Xb (g/m3) 

Pre-anoxic (m3) 

(g/day) 

Influent 

rinvruoli 

Internal Recycling (IR) 

Anoxic Aerobic Secondary 

Clarifier 

Effluent 

itmiruni 	mimiartiti (g/nn3) 
BOD 	 195 

bCOD 	 300 

rbCOD 	 108 

NOx 	 40 

Mfililtinnlo@nivuu 

Return activated sludge (RAS) 

Waste sludge 

fin 

rn3/d 2250 

°C 20 

g/m3  2370 

d 13 

m
3 

850 

Unit less 0.6 

g/g-d 0.22 

g/g-d 0.28 

`'mnfl-illii 

Temperature 

MLVSS 

Aerobic SRT 

Aerobic volume basin 

RAS ratio 

SDNR ell F/M thzi,Lnw 1.25 Lor 

rbCOD/COD = 0.36) (20 °C) 

SDNR (CI F/M thr,Infu 1.6 Lor, 

rbCOD/COD = 0.36) (20 °C) 

- inm'iaiAiii.eti€11,tomatoitin@uVill-InAilmjeill (RAS) Pre-annoxic 	6 g/m3  

6-3a-1Liurint1l anoxic Lvilfiu 1.5 

- 	
Q(SRT) Y(So—S)  

Xb [ 	1[
1+ (kd)SRT

] 	Y = 0.4 gVSS/gCOD, kd  = 0.088 g/g*d 
V 

- Internal Recycling (IR) = (N0x/Ne) - 1.0 - RAS 

F/M = QSoNnox (Xb) 

- SDNRT  = SDNR 20(1.026)T 2°  

- NOr  = (V„x)(SDNR)(Xb) 



Page 9 of 18 
	

72 	  1.1A-ff 	  



Page 10 of 18   71;L:g 	  

3.4 (6 Analti) 5tuullItiodiLSENna@naucuviil@f5-4n1-1511,11mauaat ctAloa ciAl@i'a 	rbCOD L'iluen5alvn5i14-iviJuvia 

fr5d@Eoanual51t1105Lvuu,avol@a1A1@501.1.1n -i5Ei@oaanuNaiilAivAil rbCOD Liialln6quimaufin ?i-ruci7iLviS@vAilLc,@‘6-117o 

IoEtA@arl@i'at-jmill7olosm5datiamuLLar,n-nloAol000tn@uNkivii6 	 rbCOD 

lun-m3-16111Ami,vuLoaal@aciAlai'illninigin5Lvi@au.L. Lor,wwiTtAl@mAl@'5017;o4So11.11,1-11711-i-i&i-miTanowtroialai 

finvtoN 

• 61510-151,viailviCA‘Eivviiriu 2,500 m3/day 

• phosphorus 	 8 g/m3  

• R'n rbCODItniniANivvi-iiiu 70 g/m3  

• cii No3-N iikld@Emalovi -inrionammal5tuui'inailfiu 1.5 g (NO3-N)/m3  

• P • x.biomass — 200,000 g biomass/d 

• rbCOD/nitrate ratio = 6.6 g rbCOD/g NO3-N 

• 10 g rbCOD/ g P is phosphorus removed by biological phosphorus removal 

• Phosphorus content of heterotrophic biomass = 0.015 g P/ g biomass 

• h'12,1105y11,4 phosphorus ItrtililkliN11:1@un- 1 1 mg/L 
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Rig ill 4 ninliiI9nA"ur-il'invia.i 
4.1 n-1511-itinnA'ulii6iiVol4TrotilNuloill'il latunuioEgilmi (5 RELLIILA) 
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4.2 (5 0:161,111.1) fri5thiliesiTunn511nITOLL6%1`alifinl,iltviRiAstii1M5kiviltIn-151,Al'76' 61,1;friOnTALLeoliataiinEMS'nn 
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dqvill  2 oluoi q/mitIvi (18 namiti) 
1. IliAlkuptil,unnitilv6S@nliffn2..), 0Lnun-i Advanced oxidation processes g'ivi"ul- uYi-4-rtilMniFilLnohL 

g@at,11@t'ulF.A.rill;Mill, (6 nail!) 

2. n-mlf"EruLIAJNIJaill..n.Y-ILFIEn4lnnn-i@onilorii'vricu ,INgoALIFithtLnvi@zilTt91-11 (6 PLILLVIA) 
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3. @lon -)@diniaLLoolali-Aolun-ml-imtu- unn5aanGl'orallvilftil6uvianvin5JIAA'fIlluDiRlAialthtLvolvuLn 
1 qnrivimu (6 nr,,Lini) 
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d'ruil 2 ai'M MIMI (18 PI:31W 

1. Please design and find the optimum value for RO system for water production as Figure 1 (12 Points) 

Figure 1 Diagram of RO system 

- Membrane specification is showed in Figure 2 

Water quality is following 

O TDS = 3000 ppm 

O Pressure = 300 psi 

O Operate at 30 °C 

O Electricity cost = 3 Baht/unit 

- Find 0 —design, Qfeed, , %R and operation cost 



Membrane Element 	ESPA2 

    

Performance: 	Pe--S.,?te 

Pee c' 

   

    

    

Type 

Application Data* 
C-:•:onre 

Fl 

--• 	• Fee::1,'.•a`.e.r 

F..atc 

Fe,r'eate 

P,essure Ez•-.•,:' 

6•1:r.",  

1 	: 

`.3 "F 

5 

75 GPI 7 

5 

* Tre 	 :for 	 e 
itte, test 	 c."cd iorcest 

▪ e 	 Jata taKe,  

1-500 PPM NCi 

150 	.05 	 Pes.st.:re 

6.5 - 

2E-1=c%9EAE. 

1-- - - 

C 'Ye  

FEED 

- - 
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.0A) NITTO DENKO 

Test Conditions 

Figure 2 Membrane specification 
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2. I@51.11E1ffillni11.11EJ21@l MBR (Membrane Bioreactor) 

Ilimitad41111-Atit.15tawaYM (6 Points) 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18

