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Evaluation of the Water Purification Efficiency of Waste LCD Glass Media

by Using Foaming Technology
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The purpose of this study is to reprocess Waste—LCD(Liquid Crystal Display), to widely increase specific surface—area by foaming

agent in the process of reprocessing and to use as a substrate of water treatment which is increased the ability of biological

treatment, as well as to control non—point source pollutants produced by surface run off during rainfall with using this substrate,

and to improve water quality of public watershed as developing substrate for water treatment to be able to purify second treated

water which is exhausted at the wastewater treatment plant. The average removal efficiency of Waste—LCD that using the foaming

technology was SS 71.2%, BOD 55.7%, COD 58.4%, T—N 29.5% and T—P was 50.3%. Aimost Media, early stage showed low

removal efficiency of SS and BOD. However, it became high when the microorganism adhered the Media. The variation of SS

removal efficiency was high by inflow concentration of SS. The reason for the Media 4 showed high SS removal efficiency is

that it has wide specific surface—area, and also it has a pore. All in all, it shows floating matter treatment ability not only inside

but

it also works outside of the substrate.
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53] 2 52 A sk i o A AR e oy} 3H T AAREEG Het S AA ok 8] wlE
oAl e vAE AR HEokth of FAp]go] ot A= el FYE sk dAE =

# LCDe] wi=e A 7V, 71§, 337180 % vhs el A 7R sjatel] Eash, weba ASEEA] Sok=
T olem, vjEe] w71E 7P > 719 > e 71Ee] 0] ¥ LCDx= #H71A E} w2t ¥ LCDE AEE & &
t}. o] F 7193 T3 EAlell vkl ASFEE viE UE 71 o] Alask Aol olo A sl vt
= 54d0] vk 71949) A A RS de R ) = 25 7 Ue 716 A AAE Agsiel 7 LCDe
7] wiiell wAF77F g, ol gA HA S AFE #H7] gt o9l o), Al FFTHe TS AskaAt
& T2 AR 7P B ool wiEE 1L Q= 5 aFoich
He wjE3A71eh Mg, wiEEs a7t Btz Aol upebs] 2 ATRe] B4 ¥ LCDE A7Festal, A7k
HiEERE AFEE 24, ZUE, ZdE, 290§ T k= B ollA] Aol o) v A A A A
7]o]m, o] el LCDE v wiEE L ik #iEd =54 A lss A A oA E ik
# LCD= ARAHA, RIZEEA7Q1, A7t A8k, 7] ZolH, B3k & o7 E o]g-slo] slrA el el wiEE=
Joluk 3 713elA thge] AFEE el ¥ 22 AelgE A3t F e A AAE B EN
A5 g AuiE ol&sl] % sk, 7Hd el miEE= &5 FAE JiAdskET Qi
# LCDE oY A2E FaiA 79k o8 # LCD=
TAE Ha QAR e nEe Aolvh(EE, 2. ASAX| 4l "o
2002).
# LCD A= AARE At &g Aoz vrol#] 21 AEER|

™, B8 7 LCD fr& % Aol #ofstar = dA1e] 4 B ol o] 4% Lab plant®] A|A~&-S Fig. 19 veRy
§ o] 7 7HAE B Akl itk dAlES A4 ¥ LCD glom oH|AAX= 160 § ko] ZapaE £7]2 o)
= AR ata St R dATde AES & galolon AAR A 2] AL oAkl th7)FEe]
# LCDE 7§lél]%= stk #] LCD A &8ARS = 3% HAb R ZRE G9]S ul) 9J8le] =4S Ax|Eic) v
ElE ghfjslo] BAER AE8she dolvh Ade2 &5 $%9] AL Zo] 0.52 m, & 0.30 m, %°] 0.30 m =]
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Fig. 1. Schematic diagram of experimental facility
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Fig. 2. The system uses four types of Media and SEM

Table 1. Water analysis items and methods
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ltems Analytical methods
Temperature(C) Mercury thermometer
pH Portable pH Meter 330)
EC(um/em) Portable pH Meter pH 330
SS(mg/ ¢) EC Meter (HANNA)
BOD(mg/ ¢) Azide Modification
COD(mg/ #) Closed Reflux, Titrimetric Method
T-N(mg/ #) Ultraviolet Spectrophotometric Method
NOz-N(mg/ #) Standard Methods
NOs-N(mg/ #) Standard Methods
NHz-N(mg/ #) Standard Methods
T-P(mg/ ¢) Ascorbic Acid Method
POs~P(mg/ ¢ ) Standard Methods
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B AFeME 2 Aol gigte] =4 A 5 T 5L,
pH, ECE &% 28-S AAlsksi e, DO, BOD, COD, SS,
T-N, T=P, NH;—N, NO3—N, NO2—N, PO,—P+= A

AYE AN

31 &=, pH, DO & EC H3} &4

218717 E<ke) & pH, DO ¥ EC H#kS Table
2 YRSl Rl wlsl fE5Y plvt EE
Media®lA =& FX& yeRIEd, pHY 52
Media U-2]F-oll 2= d 2771 AR 7175t 35
55 3t ol COE Anlahy] wiiel 571 FolA
E402 fR%e CO Bt 7ol o3t Ango] 97]
ol 55 COz 272 33 &0l Sulishs A
A2} AasH =, olde COr HAas 259 &2
= FElS HCO; ol COs* 3 OH FEj2 wsiAl7) o,
pHE ASAI7]= Qo] ® Aoz e

MW

32 RR=% Xzl &4

Fig. 32 23717t 532 49572 Media 1~4¢] SS
FE Azle] e debd g3loinh 49 e 19.2
mg/L(H9] 17.5~23.2 mg/L), Media 1 3+ 5.9 mg/L
(A9 2.1~18.5 mg/L), Media 2 3+ 13.7 mg/L(H <]
12.2~18.2 mg/L), Media 3 v 7.4 mg/L(E$
3.9~18.7 mg/L), Media 4 ¥ 5.6 mg/L(HY
2.7~17.5 mg/L) & YESITE Media 47} 32 SSHE &
& HolE ol 7IE v Aol A} nlasA vl
o] A1, Y-l =5 7ML = 54 7L Qo]
oA 2F-EERE ofu g} YoM H-HEH HEass B
d & Q7] g Aoz Atz

33 f7I2& ANzl 54
331 BOD MHEE8 HE
A 717 Tkl 59942 Media 1~42] BOD &% ¥
32 Fig. 4ol Yerth < H 6.6 mg/L(H9
6.2~6.8 mg/L), Media 1 3+ 3.7 mg/L(H9] 3.2~6.0
mg/L), Media 2 H+ 4.1 mg/L(3$ 3.5~5.8 mg/L),

Table 2. Characteristics of influent and effluent during operating period

T= Inflow Media 1 Media 2 Media 3 Media 4
T2 218 21.8 219 219 219
(0) (17.9~24.0) (180~22.6) (182~234) (182~23.9) (17.9~22.6)
H 7.15 7.20 7.24 7.23 7.22
P (7.06~7.21) (7.12~7.29 (7.11~7.35) (7.06~7.34) (7.05~7.35)
EC 0.724 0.717 0.718 0.721 0.724
(msfem) (0.696~0.771) (0.694~0.757) (0.695~0.742) (0.693~0.748) (0.687~0.744)
DO 79 7.3 7.8 7.7 7.5
(mg/L) (7.3~84) 6.7~82) (7.1~86) (70~84) (6.8~83)
s5{mg/L)
300 7 —4— Inflow Madia-1 —k— Madia-2 —=— Madia-3 —#+— Madia-4
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Fig. 3. Variation of SS concentration in influent and effluent on media reactor during operating period
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Fig. 4. Variation of BOD concentration in influent and effluent on media reactor during operating period

Media 3 H+* 3.6 mg/L (84 3.2~5.4 mg/L), Media 4
Hit 2.9 mg/L(HY 2.2~5.5 mg/L) & e i-ex
7]ol= oA BOD % W37t A9 gladAw 124]710]
UFaA e QEHE] AATE dojuh= B0 ® et &
| Media 404 1Y o3& A&H o7 QPdEA A7t
| A dofjuh= AdS Bl ol UF-3TCo% Q13
LAELE AHElsh= 7se] FUskE S AR ARy
w, oA - ¥ 9k oju]e} 9] Fol|xe] BEH A so=
3l F-fr=dol gt M7t dest Ao yEhdth

N

9

o

332 COD HHz8 AE
A8 717 T2 #3142} Media 1~42] COD &% 3}
Fig. 5ol YeRSlth. 45 H+k 9.8 mg/L(H$]
8~11.2 mg/L), Media 1 ¥+ 6.9 mg/L (A% 6.4~8.2

8.

coD(mg/L)

150
——Inflow
9.0
6.0 -

3.0 A

0.0

mg/L), Media 2 33t 7.4 mg/L(H$] 7.1~8.6 mg/L),
Media 3 ¥ 5.9 mg/L(H$] 5.2~8.0 mg/L), Media 4
A7 4.0 mg/L(HS) 3.4~8.2 mg/L) & ekt E3
Media 44 tH& oA Hth o] B2 2AEZS A7 <
A= AFS B, ol T oA s f718
2 el L] AAEtA Alg) - waljel gt
Ao AR ¥ Media 4+ v]A50] A28 = Q1= v
A9 qgg T3] o] wER] Aow Addnh

ds=2 X2 54

T T =R 42N, AP T2 TS ¥
FaL Q= 271w E el SJsto] EelEm, o7 A
Fe] wkg-o] el BODSE DOel 2] AujgS 9
to}, 542 (D0) 7F 74 = 3l Aee A=
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Fig. 5. Variation of COD concentration in influent and effluent on media reactor during operating period
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2~3 mmA =g dEA =), AETo] Al AAsko FE WSl gid] vebd yoluh fd S 24.7
ZH o] FEYXE DO AEHre] AB7LR] A EE1R mg/L(HY 22.2~27.5 mg/L), Media 1 S+ 17.5 mg/L

ate] B719%0] BAEA Bk B FAE 0
o] @719 AAAE S 7141 Fakrart B
B o] white] Ague] FEAAW F7HFE FEIA
2 $7180] $7194 0% Balsle] A7) A, @)
Il S48 vlgEe] A @ ow Falu, ol
2% Bal} AAE T AT Skl ge)e 1 Alw e

Bojo] FHu] At @710l A Foist
£ R TR Bho] B4 Beus ABuS
ek 7o) vk, Hie] olelet ahso) el
A% Fe] gek,

341 T-N HHEE HE

(€] 14.8~20.5 mg/L), Media 2 H+F 17.3 mg/L(HS]
16.6~18.4 mg/L), Media 3 #H+ 15.8 mg/L(H$
14.2~20.2 mg/L), Media 4 ¥+ 15.3 mg/L(B$
14.2~18.8 mg/L) & Yebgth Media 4°) gEato] 2 A
d=lo] A A3Hgo] =1, oA EHlA = 2714 WA
9] FR} o7 Yol @714 wA=e] o] o] Fof
A= 5AHOE Qe dAaks) ujAEel oJgh o] AA7L
Uehh= oz Alg g}

342 T-P ’MAZE ZHE
AH717F Feke] 49t Media 1~48] T-P 5%
3}= Fig. 7° YJepiich £ H+ 7.4 mg/L(HS]
7.1~7.7 mg/L), Media 1 3¢ 4.8 mg/L(H$] 4.0~6.6

Fig. 62 A1713F 52k #3454} Media 1~4°] T-N

T-N(mg/L)

400
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Fig. 6. Variation of T-N concentration in influent and effluent on media reactor during operating period
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Fig. 7. Variation of T-P concentration in influent and effluent on media reactor during operating period

mg/L), Media 2 33 4.7 mg/L(¥$] 3.8~6.8 mg/L),
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Media 3 3+ 4.1 mg/L(H$] 3.2~6.8 mg/L), Media 4
B 3.7 mg/L(89] 2.6~6.8 mg/L) Z YERIT) Media
4= P RAEA F71EZS Aghe] o3t AA 71 FElEe
7] Q1A 2 PO, 7} ol Aol 3 +2l¥l= Fe, Ca, Mg
o] &7} Rk, el e FAdskaL o o] mAE
EE ool F& FEo] AAE F U= AlA 71He]
Alel S 4= 9l EP"H ANl Bl 2lsto] %

Ad s Uehls Zo® Abedh

00 —

(ot ot _IEL ofr -{ﬂ

-

35 oM XMe2lgg HE
oA Hit A G482 Table 3ol LER|SIL -2
9] Media®lA] Z7]9llx= SS, BOD AA&E0] WAk ]
AEo] Mediadl F-2He] = A|ARE = AAFE0] HolH
© Ao YEehth SSO AAEES 9172 SS sEell
upe} WshEo] IA YRt o]A# Media 47} the
Media®th 32 SS A &S Hol= ol 7|& the
AFolAlel vlal vl o] 33, U] 355 71
U= BAS 7L Qo] OVH Q- R op ) yiFellA
T HRAEA AYEES 1Y 5 Q7] Wizl AoR 3hd
l=s
9~ ofAjel] BETo] 2 A= o] A
& Zifii v&%ﬂﬂ% 01 A AN E 271
W ] AE2] H-zto)
A of oJgh A0 A
A7} \%EMT RoZ \1%@;}. T-N#} w742 & T-P
O]: g

& BolF TT— o

z po;’ e zﬂoﬂ 4 FelSIE Fe, Ca
bukg, gy B ek o] dol v
Aol 34 Feslel AAL + U A

T A= Media 49] E4Je &J3t H o

¥ LCDE A7Fsatal, A7beshs #7gollA

Wz Ao o) v EHAE TA YA BESA A

?471%—% AT A AR Z B8] s

AT BEgh # oAlE kA e ellA
Bﬂ%ﬂ% 22t A g3k ol A AE
MEgto 2y Tl 45 /A 7S H7t

gom, Ao BA ke 8l vk 2 4
29 w29

(1) & A7 A7, A7 Feke] 793579F Media 1~49]
QAEA FEWstE xA}Elon, SS B FE
= F997F 19.2 mg/L, Media 1°] 5.9 mg/L,
Media 27} 13.7 mg/L, Media 3°] 7.4 mg/L, Media
47} 5.6 mg/LZ YEREo™, SS f9F = mE
555 Media 4914 7P BHA YEh 2 9=49)
11]717]. 7].;(]— zk 01011,].‘:_ o7 L]—E]—‘/H:]- I:EE]—
BOD ¢t &% HM3h= 197} 6.6 mg/L, Media 1

o] 3.7 mg/L, Media 27} 4.1 mg/L, Media 3] 3.6
mg/L, Media 47} 2.9 mg/LE Jeptom, T-N 3
o FEE 59997 24.7 mg/L, Media 1°] 17.5
mg/L, Media 27} 17.3 mg/L, Media 3°] 15.8
mg/L, Media 47} 15.3 mg/LE VFEbSLT]

(2) & AFelA arr)eo] 28¥ # LCD FEoA¢]
A AAZES SS 71.2%, BOD 55.7%, COD
58.4%, T-N 29.5%, T—P 50.3%% Yepom, o
0] MediaollA 2710 SS, BOD AlA &) W
AR vl AgE0] Media®l F-2t5= AIAF-EE AA
80| FoHE AdE Hrh

(3) SS9 AALEL 78152 SS Fof ubef WglEo]
A Yehs AEE Below, o]47 Media 47}
Media 1~3 Bt} %8 SS A2] E8&5 Hol: o]f+=

o
N
ol

¢

= SS
[e}
2 gt 71E AR Sl HF oAl BlE) vl o]
Table 3. Removal efficiency according to the variation of Media
7= Media 1 Media 2 Media 3 Media 4
SS 69.7% 28.2% 61.9% 71.2%
BOD 43.6% 36.9% 45.4% 55.7%
COD 29.3% 23.7% 37.8% 58.4%
T-N 28.7% 35.5% 37.8% 29.5%
T-P 35.2% 36.5% 44.4% 50.3%
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