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A Study on the Characteristics of Thermal
Reactivation for Spent Granular Activated Carbon
used on the Full-Scale BAC Process

Jae-Tae, Park

Department of Civil Engineering, Graduate school of Industry,
Pukyong National University

Abstract

This study shows results of a full-scale plant experiment in order to take
out the optimal operating conditions of coconut-based and coal-based used
activated carbons which had. been used in the BAC process to purify the
raw water from Nakdong river. During the regeneration process of
coconut-based used activated carbons, the iodine adsorption capacity
enjoyed its highest value of 933 mg/g under the conditions of 840T, the
regeneration temperature, 25 min, the time of its stay and 1:1 kg H:0/kg
AC., the quantity of steam input. Those optimal operating conditions,
regardless of the properties of used activated carbon, gave iodine regained
adsorption capacity that uncovered its constant recuperative value of
approximately 350~400 mg/g, and also indicated us that variation value of
pore volume based on a temperature variation was 0.76 cc/g at the optimal
regeneration temperature of 840°C, about 44%, higher than that of activated
carbon. During the regeneration process of coal-based used activated

carbons(A.C.), changes in the iodine adsorption were discovered to be
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biggest(834 mg/g) under the condition: The regeneration time of 30 min,
the regeneration temperature of 860°C and the quantity of steam input of
1:1 kg H:0/kg A.C. The optimal MB decolorability, under the same
condition, also turned out to be greatest(204 ml/g). '
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(b)

Fig. 1. Pore structure and surface of activated carbon: (a) Cross sectional

view model, (b) surface of coal-based activated carbon.



(@) (b)

:a!! 1§t 1 ""E‘-‘

v o L LR EAENE
i sy L LT N I T
() (d)

Fig. 2. Structure of two dimensional (a) graphite, (b) random orientation,

and three dimensional (c) graphiting carbon, (d) non-graphiting carbon.



23 g4ad F5 54

B9 g4 399 AUFH FFHY g3 £Fo2REH F71ERE AARA
ot #F22HH {718 AA B2 F3 M T2 24 €S 2 ¥ E
BAG AFTE T3 2L 293U 54 €4 ZH9 383 EAH dda &
Ao ez FAIALES F olH3r] HsiM = HFFE(pore structure)$t AlF
5 ¥ (pore distribution)”} 523 EXAolgtn & 4 At

WA A3FA%(pore diameter) EFE 4 HEW [UPAC(nternational Union of
Pure and Applied Chemistry)olAl= 20 A ©]3l2 micro pore, 20~500 A& meso
pore, 500 A ©°]4& macro poreZ2 BF3IT glod, o] BEF{FI geHoz s Eol
°ol£8 2 AT (Fig. 3).

1) 20 A ©l3(micro pore) : °] AlFAE Y AL FFo A3} AFF
A Ao £3te, 4G FEAHY dREZE o] vAAFe] AAsn Uth ol F
oAAlEES wtFEt Je BWEC st 2" FAe ¥ 747 (superposition of
adsorption forces) Wl WF9 FAEAEe] Y Frhste Ao RuHT U4
- .

2) 20~500 A(meso pore) : B34 LA QoA FFL o] NFHF 949 ¢ o
olste] AlFl 3 AujHo] 2 2 FFe A3t AT FU £3A Eot

3) 500 A ©o]’#(macro pore) : °] AFL FFF EAES RoA dARE A&}
A eHE 9% HE= AoT TU(admission), TAMdiffusion) EE L4
(transport-pore)z} o}, 28l FEAFAHLE S 2o 3HAZ 788 F U

1) §3420 & A% = FAA AREHOZ o ool

2) ¥%4o] F&A e AdAF(macro pore), 53HAF(meso pore)d T3l Fitslm,

3) &dd FFZol v MM F(micro pore) WHEEHFe] 33y A Er vAA

& (micro pore)l] £ oz F3to] o}
1gAe 2g@Ae gty oz £=7t =gA Y= ¢, 3gAE vf$ w2
o] At AM TS FAEAE FUAFTIY vAAFoZ BUE F29 9%



2 3oz FHolE A J¥L MAA FE Rez dAA AP
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gAY 2R A4 £F0l22 FAH] AFAHYTE FEo] fold
, Qb oz Bo g S Est e 2do F FAHE AFPol Ao R}
3L B3 A FA22EE 9 Eo A Ao Fe=E o THF FF
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o AA GHF o & FHFAE AASA FAAF= EZ 0] Gibbsd JF3Fo]
2 o3ty I FFPcrh ABS(AlkylBenzene Sulfonate)®} Zo] 49 ¥EE ulio
T FEgo] A dAFF ¢S JEUe EFE UAT ety oez gL {frEL F
=7 Z718td FEARE 5 F§5Ho g FrtsteE Hol BEo|th

Rl Mo F2E Sx7t A5EFE FAEET Tt FHAEE 3A He
b 53], 420A 8= "dFe FFAEe] & dAAe 7hsd 39 WM $2A4
FHA7W 22E SolsA ¥ 4 o

o] el ARFF A FFE F= AL () 3—’3%3} EEulol i FEA
o A8, (2) 3§, 3) #FF FAANY 3 HY F2AFAEL, @) FTFE Tl Ut
FeR DA QLT DA FASHE Fig 4ol dehd wig o)
FEsel dUHer 3 S445Er ME AFREAL eAxIY FFAY YR
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3 NFFASA Ho] Edo g F-gFo] d&EHoE dojuE FHE HYF1
Qow, T3, FAH AFEEo] XiHo] Fig. 549 2ol &4 HFAE
A =7t 33 F7tste Al E Y 84S 3 (breakthrough)gtil ot

Pore
diffusion — adsorbate

W, P molecule
[. % y/ Surface

Bulk-solution

N Adsorbent phase | Liquid phase" Bulk solution

Fig. 3. Pore and surface diffusion.'?
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Fig. 4. A fixed-bed column and it's liquid and solid-phase concentration.

Exhaustion
Cﬁ —
C
Breakthrough
C=
0.05C, T
B e N
Throughput Volumn, V——»

Fig. 5. Typical breakthrough curve.
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232 E93 %3 334 |&F

F&e ¥ wgt 283 FZ(Physical Adsorption : Physorption)® 3}3H3
% #(Chemical Adsorption : Chemisorption)2.2 E&F3&=d £33 FHE Aulsde
32 v A <3t van der waals Fol 3133 FAE Auldte Y 7 oA
F2% 59 383 Aot (Table 1). T4 FHY A ¥4 A+
FAA o] AR FRHE ZA 7] gEA FHAL 49 EAX U8 F, London
o] 4t o& FEAA EH hrtold dA Moz EFF AH FAAA I
oA oA FAE EAe fd9 WY A FA &L 2R AYAA

F71 o2 4A &AL Az 23 - AA4E £ 7] dEe g Helgn By of
B2 7]4FRo] oo sFEt WA 3 FAL FHASY FIAA A AR
o o]Fo] dojum 1 A} A FjHEC] FAHY dEZo "G Ao BE
g 23717 YA E 22 ZAD FAE7E T3 HEFAACK | giREe
AgdFzto] ol HFEh 1Y {7159 FFL EEFH FAY F¥A Jio) F
Alell dojuts A7 B, FE 8480 T F2L 4H3 gy FFHelnR F

349 239 ¥l grh5sA goh

T

ol

Table 1. Composition of chemisorption and physisorption

Category Chemisorption Physisorption
Force of molecules chemical bond van der waals interaction
Reaction rate slow fast
Electron transfer no transfer
Heat of adsorption high(~100k]/mol) low(~20k] /mol)

11



2.4 332 A (Breakthrough Curves)

durzoz GAC FEZX 4L AAYHE 7HA Hrhdn o FHE GAC
o} g X} EF(target compound)®] AAEF 22 Yebdo. Fig. 69 F{71e2
(Total Organic Carbon : TOC)S EF HIFAE Jelidth LG ER AAEL
228 FdF = dF FEFF FEH(C/COE YRl o] dvtHon,
BE TOC % ¥&#e FAHA F1 GAC ZHEE THE Aot ojHL C/Co >
0 AN ANzEZ FfFHe Aolrt. LAZ7|QA PBEY X713 o Fo=, F713
£ bed volumeol] Wial HAFAFEeN7t Ao dASA FAED o& A7l n 3
o J#AIHe FHRES HFE(steady state)eta ok FA7|de AABFLS
YetA] gAgl 1 oujs ggsith. A G =28 dg7tA AEE ¢3S GAC
o & £Fo2 ved F e, EF A AT FFe] 4AHJG R 7HA 8t
o AEH {F7E E3 ZEo] AujAolgtn gt

FHolU HEFH B4 3 AAD A FEE AALEEE A} o
#go] Atk L&A £ 7)€ A(Dissolved Organic Carbon : DOC)7} &3 A&7
2ol & AAHE o223 wjF L Fig. 79 JehAT AT 271EA
AMe Fate o §718 AA7E dEEeIAT GACY &F FFFol 22E T
& g f71E AARGE AETHA st 2w HYD wHFtdFelh
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1.0
Biodegradable
Fraction Removed

TOC (Ce/Co)

1 Nonadsorbable Fraction

Bed Volumes Fed

Fig. 6. Standard breakthrough curve.

1.0

DOC Removal by

Adsorption

0.8 Biological degradation

DOC/DOC,

DOC not removed dunngA
GAC treatment

i

Bed Volumes Fed (x 1,000)

Fig. 7. Theoratical representation of DOC removal by adsorption and

NN

&\\\\\&

0

biological degradation as function of bed volumes passed.
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25 B8PS T3

BACE “Biological Activated Carbon”9] A2 I AL JFEAddo|U g4
Edo] 53 . HAstEe vAEY FERE AU A ol & FHAA
A & 33 (biological)ol gt HA o] EA HAT. 71E&9 Q48 d 59 73 #
7188 FFAHYs=d vd ASEAHAE FAHL &4 g3 AL fUEE F
Axe L Mg o A% HAE FAo FYYoTH H7184 J8 ¥
2aBe 2o 4V £9L AFNNIN T T o8 HYHA Fx FRY}A
AL T AEFHOE ANFYY 4 UG

ALEAVS ABEHY FA o &3y PANE A2BHY FHY FU%ol
m A % o] fojok &%, NAEe Aol oy FYAs Qojok &Y -
AP 527 §EVAT fFAHooF fh. YwHoz HEBAY FHAM o] &5
EomAZe A BASE UAEL duisiy WaA AL £ ol
n g Aol ZIHEES & dx Utk Iyt AF TN YEGYH TAHE F
A% AHAE U5 29 FFL 5 AHTIL WARE BEo: ASAz e
Zole 4AFYE FAANAY 239 Aoz AFFELY Frvt 2o I
2 dofsit dYrt AEsHoz Rislse $71%olu FA A HEo| BEs
2 F8H, ¢4 2N RES FHSLE YEYHY BHY 52 o=
2 o gol 9ok £2E 10T oo mAZel AFel $Asy, SUF Fze @
A ol g5to] 5T olate) ALolME WAL FFL FASA o9 S &
&% o7t R U ASEAY TH o)fHE WARE WA 5714 wH Y
slolmz gEAMaE ul4Be o Hese B2 AL FPHE Tae
A7 8o BE2EAY TS A4%ss Hyde 99 #7439 293 i
24 A A} 9F9 £80] F2F Aot HF BASL coconut(okzt
), coallHHE ), wood(ZA) 5 ©3AZ 5 1L F79 FEL o3
Ag e E-EFE ALANNFPozN FE2 uA7|Fo] wEojd gy o ¥
FHo]l F7tE ALE BE YFTAHEL v EAZ ] 1200 m¥/g ©14F ¥k o] FWA

e
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o E+do £3F7Y diridy ExEo] £ - AAEW. FH A 8Q)o] ¥3E o
gut AL AdF o2 AEEAR 7S 7HAA o 2y o] @
FAE vAEe €5t ojF BT olY FAFH FH A - F vAEY g
Aol doju AEHNGo A o] BAANAND, o) dTo) ABHNY F
Aol o] &HE AT TV Bus UAEY HAHA MAXNZNY 7l5S 43
gt7] Y3 AAEo] Bol el E8A ] LT .

BAC &L g A 714 349 ZzFelvh. 1) &9 3383 3}, 2) GAC
filtere] A E3+4 4tsl, 3) GACA E83 F3 Folg.

detdow A FE= 1 A7 HAQ(AZFH #HE #7]1F AA, DBPs §
g Aoy, welgol AMAFF WA, 2) F& FAGE, HA, Ax g% DOC & A
A), 3) Y ¥F KIS Ze GAHAHA &, 49 B 93 ¥ g FogE &S
FFse 9 Ao |

BAC &3 F8 EXE AE5RAE (disinfection by products : DBPs)E # 78}
3 AETAHOE AAJ AFE VEDRE FF SEFE AMAFNE H QUY. o] F
7FA B3 AT AEFol NOMilnatural organic matter : @A £7]
)3 DOCS AAL HFAHoz HAFFTAHELE FY3t7] Mo 2.&d o8 F7id
DOC =+ BDOC(biodegradable DOC : B &3] 7I5& frigx)y BEHAE T3 +
R RA=3
71E AYFTHELZE NOM A A A7 L GAC F3o] AgHo|AT F3e
w27 ¥3gx B2 £33 FHHA G DOC FEo] ¢tk GACY &3
33 old 4%E HATE F Aty B0 2 &3 dYEHHE NOMS B 32
A, AgtE BF7IE e FEEZR Astdd FF oY IPEL AEREHA
obxith. tl o] Al A3 =] x]x] &= NOM HEAA GAC Hrle od 33¢E
o F&3 423H DOCE FA 2o gdurzoz Y2EHAo AL 3%
EAEAZ, L&, &2, AE, U=t 2 4d3ld 3EE)o d F3AY sbE
Aol A2 F37)sol 2 AFE(LIE AT 2L LEAF, ALHE)S YER
7t =2 A dojdrt.
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2 &3sle DOC AA9 o83 FAIE Fig. 8% o] yed 4+ glen, BAC ¥F
of &g DOC AAE 3749 F& 7Iez FEEH.
-Period A : 27| QFE #7718 AAE HHIYol A& @A ¢&ste

< B F3Ae B8 doldrh o < DOCS 40~90%7+ A
A" o]F 10~20%7F GACAA ¥ {FZF FEojgt,

- Period B : ¥&3 & o £ 7Hed Aol #2o| dojdt. ¥H g

obe @A £¢81 FRAAEL TR X5 At Wz
Moz FojEL}

- Period C : &t Holth 48353 A3z DOC AAQ $AHEHolzn diF&

DOCeftiuent/DOCinfluent

0.9 4
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D.‘ -
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024

0.1 A

o FA¥e 228 FuUT o 4AY FuHolN A AALE
32 27 2gad GAC £9e 2A Fda

-—
#~~  [Removal by biological oxidation}

i
(Removalbyadsorptionk/l e ———
»x/ -—-T_“

/

.
»

+ v Pl
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Fig. 8. Removal of ozonated DOC by GAC.'"?
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26 4 AR R AT
26.1 A9 71E

Aot FASAL svlste] Abgol Bu THVY 4P HEAA oA
ZzAzd YA E8o] HA B 2 B A4l YeidE ol Fe @
qerel o), & FAAG ome ALYE 27 Gebd A4 o Fdo] o= A=
F2493 Qestel wek 2 AAEUE 2A gt Az Aol s B A
Aol APAY FASES S4HA @7] AL BASY YARY By
o FlQse dg 43, Y= HE A4 PE, 2244 S YA AT AR
A Ao A FHHR YE FED ool 1A% YAl tE B EFARE
Aeole 50 2R Adste] wRALEFel Dt BV Fo RIS e
4ol AT A2 "ot AL Aol o] BE BE IAE THsHE BHVY
Age A Nadd FAYE AAsHE o) Fasth

262 A4

2621 €434 4

QB L Fdo] g o]gd FAHY e YL tdZ(multiple hearth
 furnace) EE rotary kiln©2 AU RE ANx2 s FHae AHgd GADe A
A7 A g, dgHezes BV M G4 o] n2rkAd o3 A Az
7FE99 7k AAAAM F48 #7180 2 AE wE £57] TF, € ET €
23 Fo 23, @3}, Azt g 28 Jle Rez A4 v SS
=9 #do wet g 4942 dEdn

i

flo
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Ae — 10T A=x, F2 FEAA
100 - 250T  HYY FHSHAGFE #712)9 €F
250 - 750C  HIFHLEA RKU1ES QR % @3

g4e9] 228 A3 g2 E dA2AIA 23 FFHE9|

750 — 900C j
g3y Ae AeUHo g 7123 FTH(CHHO-CO+H)

2622 1Az

Aol AL EE B4 G screw feeder 5o & =0 AFHF I 40~50%
of #E& FFT FHAM Z Ui Stk AxAA FIME &3 AT U
o MENY FEE FLIE Aoy, 25 100~150T FEZ #7189 dR7} o
HAoA B3 £ FF7] FF AT o AALH

FES AAY ML) A5A 700C FEAA HEHE FAHAAM FF {7

2 F AN 4R vRYR, 2R 4L S A AR os dvre A
AgElel 848D s gagol Ho] AFA o F4 F FaW ¥re o

Ha
o 4 ud @sto|x, o] £LHHNM BFE BTl s BAY micro A
ol ARA FAHET wet 2 Fo 843023} AA O FFE 7o

2624 ©38E 9 723t
TR AA &8 - AR {F71ES FF7], olAdgEL, Fa T AR stx
of o3 7tAagH e ojWe] 7t Fo¥ F BAHY AW AL HA &AHA
e &, 239 FARIIETES stxgsted U gAE B4 VIE FHA W
Pl 3T ALAA 7)Aol ATl wal &Aool A E AALE oo

ot
(24
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A QY Bdo oz FHAHA gt AFEL £ AN FEd o
Z ol2g HgL dA gt g EQYS G BFo Aot He| wEHFH
ct.

et o2 oAtgeta: EE £37]d o A @A2ATHY oY o %
7287 dojdrt

CO; + C — 2CO (1)

HO + C — H: + CO (2)

Aoz A wE e HFTFZ M= Fig. 99 2o yedr. 1
AL E AR E4YL ()% Zol FEHoz ZYPdE B graphite 2H S IFA
olt}. graphite®] A Alo] £ EFEo] FHYelTdT & F 3ok oA H&, AHE
g 849 72E b dEd g FHEAL #4989 AF W London #4t
Hofl o) Fado

AR EAAARA AAA, FXELL @8 H2, charg FH T chars
g4ehe] E49 B4 graphited] ©2 HlH 7hxs) S Aoy 43, AAx
ol A AALTh 2gA HFHoZ ZE FE JE Aol ¢8€EH. 29
U 2740 He g4 8 973, FAEFUNS dAHos AT A E, AR
A B4 243 2R 7N2E AYxA 4L Aol 27HH, ol HF
220 W& 2x7F #A=3A =AU, AL7E AGEAY, 2 AFAZL] UE 2™
dRgsA doh (de AFE ™99 S HFTEE YEd el Ao A4
o o3 B4 graphite 2] dF7F 24E A RoEH o9 22 FHE HY,
LA vA g P22 &I} RS EUFsEl
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Grooive Patuiet Lot dwhonding of Posemis
Ougingl GAC Potelst Alphatic Oiocotion of Piteiel

(©) )

Fig. 9. Characteristics of GAC structure. Virgin carbon (a), spent carbon

(b), reactivated carbon (c), and excess reactivated carbon (d).

20



2625 7t28443H3

tegAsge FFEASUE el g4dsld HE 223U g4dtax
3o ©@3te Y9EE n2oA F3F7], @Ak, a2, TV 2 99 A5 7tae
Z g AA sAF dFFe FAEE w=s Yol ¥ & Jivh

gAglo olgHE F8 Jt2E 37, oliddegir
E 729 Aa7tAE EEHA ARSI Utk 3 g d4, oitE #&, FR#F7I
FE B AR FAH2E A 2o)x] G M.

g@3l 2o J7lx SAAAL 2uAZ APEdn B3 Yok A 194 7HEHAA
Me @389 vz REol AdHoz i - 2HHz, g4 FF i 29 3l
E uAg F3o] ol R ERHo) F43] Ttk A 2€A9 st23} whg
& FA3E g2 ZAAA =& A IFEES FAEE g4t
& Tz e & FFo] vAg FFo] BEFEA 2AFoR F
FYHRL 7tA% v g 2ve BHF FAV Jx, g
2E &0l 50% ©13Q A$ micro AFo] FAA G AT g £RE
75%% Y29 macro ATl F7teth 2 F9 ¥g AR EAE micro AlEH
macro Aol FAldl #Xd F3& 2 F Ath

|

2L Bg2: 59 =0 w gad.

[
—

HzolAY FUHoZE o

A. 5357 843
@3 e £3719e Mg g Aoz FAHY 43 ¢ FAA F4 7t
23 WgoBA o= ol FAurgoltt ¥ e 750THY £ LE4A gd
=3
C + H:0 = CO + Hz — 29.4kcal (3)
C + 2H0 = COz - Hz — 19.0kcal (4)

oy @3 EFHE AT FoAHA FEolv FFGE o} HEHET}
g £ g7 bed 2o 4Zdn.
C + H:0 = C(H0) 6))
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C(H:0) — C(0) + H ©)
C(0) — CO 7
()& @2EWC] 289 AHE ToT
=, gaEdel ARY £330/ 2aH] $28 $E8T BAEWA SFE Y
At Ba9 FYHA QUFE2E AHAL FAO oG wgo AWk 17
U} A4 £270 983 2ol B2 EWAd mTad w8 Ao AsfAt
C + Hz = C(H2) (8
E A4Y QURBLE BAERY HTED Aas SEsd ouseas 44
sol, RLEUE Afolo] T3 537]% Wt
CO + C(0) = C + COs ©)
CO + H0 — CO: + Hz + 96kcal (10)
was £371%e WEEE RO/ dAAE o 4oz yehdc

kPy,,
1+ KyPp+ k3 Py,

R= (11)

q7]A Platm)e 72l ki k2, k3= AFoly APFH oz FHAo.

w329 BavbAgle] Ble e he 402 Yedr o] wee w©ie TAsel
TG, A2 7tAs WgoE 80TRT B2 25 ZAAA AyQ
| C + COz = 2CO — 40.8kcal (12)
%, £37] Hery Sz AAE £33V WEHE 497 B2 93E
of 3% AEE Zojyoz R
BE71TE $5719 #E3% AR @4dvtaE B8 g Ertgyez 3y
2]

3 AP dAstEArt dAEde A deo] oF2w wkgo] e At
C + CO.— C(O) + CO (13)
C(0) — CO (14)



C + CO = C(CO) (15)
gao gastAe weEE R(%/M dsidE oS ez Yeido

ki Pc,

~T1¥ K;Peo+ ks Pe, (16)

C. #a 243

watEn Aaste] Bee T Ao UEbEel ousuas duRerE 44
S PN oz REAQ Jdo gu FYF Y8 2$ Aozt oy
G g nAold HHE BAEW Ao 4HsHCl BN Wee BPAA do
gepa Ha8AsE B4 F R$o2 ol §9A ¥I $37] R SAt28Y
o MgeEE #A37] dd BEHn A

C + Oz = CO2 + 94.7kcal (17)
2C + 02 = 2CO + 26.6kcal (18)
843} grgoAe ojistetaet didsteie] YPu &L wHE 2o BA G
g3 8o 7txag Bge tfe 1)IHAY #HE oz BEEEE ol FTAA

©58 YA FHoz BHE

32 UAN EFH wkg
wa2o slas e FY ETE Bdo s YA LRI ThE B of
Uzt ubgo] g3 A JdAg G E Wt dojy B £ AR + gl
el £2 we SEE oYYAE oyt |
7t2gA3e B3 EUQA AAd ZFAH ArtE w7 Y7 Do) stEug
Q4T Yol e dE W £27) BHH B LEYIL 00T
S7b gobAd WSEES AND VHE ARWDL 2Bio) Bk
Tg nhe & 2l Sol YA 2B AN AA ZES BAHL BIbs



ArgAstl el Sfhde] NIEEE 03 F& 134402 ted o] vehd
o,

—%/—K'E“E‘ _d—VV=KW (19)

G714, @SEZF W, #EAT t, #ESE J K, Koo
2626 7k=3t W&o X9 7129 IF

GRS 7 FAHYAANE FF FEE F T2 84 EHA 3
HE QY A1gez Q3 ol E-o] AFE HMANA FHA5H AHHE
7t & due] aREA olg F&Fol AMAAA QlojA FujHQd &H/E e
e 18~28A HZ o AFE 53 AEY HZAFE A ANYn EEA Jrt
g2 7tastel QojA FEolu ol shasle mAE dFe A3E TANE B
H(Fe, Co, Ni, Cu, Mn, Pb)e] FF9 %] oud 94& A4 A7t wepA
T 3 & w9 AYF Ao|rt QLo HHA T Uk EA4Y B H(Fe)dt ¥
ZHMn) SHFS ERFA FAF FH 32 BF ¢ HA F7HE Y Fedt Mn
oj2o] e HU ZXoA LfHA ¢ nAZ AP & on2 HHF A
= B2 YAREHeEZRH 2AE AAY F ddvh ZFsCa)Y F¢e TA7L T
A&Hoz 2HAGY,

284 AN EHHGAC)H Ca H o] Yo 0.1~04%°lt}. Canon 5
2 A 2% Cas R332 dd 43 2183 GACE EAY H4¥E ok Ca &
AL 77, 771 Cag Ex ZHEE SFE FHZE GAC AT UolA dojd Aol
% AT e Ca € FHE B3t Ca FHES 79 BFAY Al=d
Bdol &Y A YHeTGE AL FAHE ) Canon $0 A9 @
A AHEE GACE o433 gAY AF e digt ZsE3E B, Fig.
10014 B RAXNY Ca FHELS YA AR loss® 1 A2 F2Ho2 A
23S Yepin ok
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Fig. 10. Metals content and regeneration mass loss for spent GACs from
three water treatment plants in Pennsylvania, U.S.A. (regeneration at

850T, with 15min Oxidation in moderate flows of steam and COg).



m A= R Py

3.1 A38%FA
311 AR=

2 Adgo A18E 12 AN FR= vtdZ(multiple hearth furnace) 4o 2
A YL Table 29 23, ¥&7] 28-S Fig. 119 Yelyich

Table 2. Specification of multiple hearth furnace

Item Design factor

Reactivation method Thermal type

Capacity 6 ton/day

Running time over 8,000 hr

Steam injection quantity 1.0 — 1.5 kg/kg activated carbon
Fuel LPG

Pressure in the Furnace -5 ~ 5 mmAq
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Fig. 11. Diagram of multiple hearth furnace.



32 Az 2 24 ¥y

321 AG9 A4

2 AYol ALF oAAZARE B4 HESAY ofAd BARRRAMILZ
Aztsfeoln, okAA g3 FHad i 42 = Table 33 2ot A3 493
A 5d 67143t AHEE o=, Had A4 (Noritit, 0.8-RW)2 d3i&o
Z 4884 xRN 5 670 ET AR Ageln G d¥ 4 AE Table
4% 2.

Table 3. Specification of coconut virgin and spent activated carbon

Iodine value MB adsorption Pore volume  Apparent density

[mg/g] [ml/g] [ec/g] [g/cc]
Virgin 1100 150 0.52 0.45
Spent 490 90.5 0.42 0.52

Table 4. Specification of coal virgin and spent activated carbon

Iodine value MB adsorption Pore volume  Apparent density

[mg/g] (ml/g] [cc/gl (g/cc]
Virgin 1050 245 0.68 0.33
Spent 409 141 0.45 0.37

322 ¥4 34

ANeATe AY TH2Ae Adg vig dd EE 1243 3F 22 AHI AT



BHZ FE7AA AH AHAGYL, AT £ AT FEAE dolry] A% &
AEERA AEe AL HEL AMANA, 22= FFY, MB 249, UL
2 AME 4L KS 4 AEHdM-1802)0) F3te] BA A

3221 225 F22(lodine Value)

B Ay AlEE 84 0= FHYH AL AR(BEADE F EHstd KS
2052 AL T, AZFLOL A B 05 g 100 m/ AAEF2I Y
I, 0IN 82=89 50 m/E AH3] FolA J&7|AA 1587 WL I8 F 9
AETo] ¥ 2000 rpmolAH 58 AR, 4AA 10 miE 100 ml v]o]H
Y2 01N B3V EFLEAoZ AASP A8 01N HLFPMGEFLEA] HFY
Fa mHoZ e ol A o9& 22= F&AH(mg/g)S A&

22= F39 [mg/g] = (10-a)f x 12.69
AB(g) x

3222 vddEF &A% (Methylene Blue adsorption)

2 AdodA 48 vE2AEFMB) 248 4P A= 439 KS 2005
AZ A AxFF 02 g2 98 719 100 m! FAEG236d ¥ oF, AAIE
F 2HAE FAA AFAAN 2 m/ THAL2EZ ¥ AG7|A 308 AE3At
oz dAIEFLAB) 20 m/E E3HA7E 28 Z2d7I(E33A9 273 15mm)
£ AHEEAM FQ - dF3E 947 53C(AZE 200mm)E2 A#EATG 44 S A4F 1 cm,
654 nm ¥ 2X FZE=E FAH3oq MB 248 (ml/g)S T3

3223 A&F£€3 (Pore Volume)
B OAge] Algd A AHITL£H W= Y AHFLY ZH7
(AUTOSORB-1 MP, Quantachrome, US.A)Z =435t}



33 4% =3

331 22U AFATY W

ZUe AFALL 3AZ9 AA&EG PG BAo] Jed AR HALE
g 2339 AFALE 2R AFADL BRAA 08714 H L3t AF
AlZe] Wste] met FAEAY AAFES} BEY EAHX WIE FEI}AG
FdF Al o] oz X, w3, 723t FAHY 47 AFALY 6&
S AFAL YL A A5 AT I FE INEE A 4y

2 s9sqch,

332 2954 F s

29 FUFY dste gAY FYF dHE I'1~-151 kg H:O/kg AC7HA 9 F

JFe WHAAN AYAE 2 BHT THA W5E BRHAT

333 2 &x9 W3}

gz gAdA 1-39L AZ, 4 54 BHE A YAY L& o)ae fH
doF shLb, 3% oAl A 400T ol4oln, 4, 5TE 700T ol oW WAV Fgolut
AFANE 7tz TR

F3s 3lBo Z o] g HRe=z uHA =

Jeonz 2
6%e] £EE 800~950T7 WHAAN Ade F=E BAFAL.



V. 2% 2 n%

4.1 okAA &2 AR

2 2o AHET RRAZAYG L P HAFZANA AMSE ofAHAl B8R (A
it)ez  HsHeols, JFEHE A M 53 6744 AHEF H Rh(spent
carbon)olth. AAFEFH JSIEAE TFAI= HH AAEH 2D & =537
A3l ARFE=L 22U 2=, AFAL R 2GFUFES WA IIHEAN dFHA

411 SE9) AFALY o] BE 20= FFY A

A4z SRV 69e] x| WH R AFA] BE 0= FHA
315 Fig. 129 Yetd At Fig. 12614 & & AXo] AFAIZ 2587 308 F =4
M 2 2x9 Frbe] wel 840T7HA 82= F3Hgo] A5 RTirt 227 Fo}
Qo wWek 7 o4 exeAE WUz BagE AE ¥ 4
2EMs HH MNP AFAZ BEo| 0 nTh $5% 2= FAY 3
22 dehhgin

duHoz U RE, 2UFYW, AFALE AAZEZ FASHY, EAY, o),
27 ARYFE AR} Bl Bk AP B4 AARE 4ol =W,

FA2Y AAL o ol olFoixA ¥u, BHNE 1R VLITH SIS B
Bz 23 FEAF F¥FE AT A AHF(micro pore)o] FIHAlE(meso pore)
229 Mol WME X2 OJFAA HE AR ¢¥A Ut wEA AYFE9
W@ s FFY IR BAYE ndte @YD &= HAGS T
OE 2 @79 A5 AFAL BEAAN ZU LEE 840T ©|&= EHojof & Roz
Bodn. ol2g Z$E uRo] Rol ofxA BAHEY AYRA F B AFAM 4y
B AFAIZE 3079 A4 AAFE Aost b o Aoz Algdd,

31



1000 L ' ¥ I ¥ ' ¥ ' ¥ I L] ' ¥
950 - -
- ]
o))
éé 900 - —
Q
3 " _
©
>
.g 850 |- -
©
o - -
—O— 25 min
800 |- —@— 30 min -
750 1 ' 1 I 1 ' ) l 1 l 1 l 1

800 810 820 830 840 850 860 870
Activation Temperature [°C]

Fig. 12. Effect of activation temperature on iodine value according to

retention time in the coconut shell base.

412 259 2453 A3 pE 22= FFH U

SE9 29 FAFY W e 2= FFY WUE Yrisr] A8to, 2U
S2(6HE 810TA 860T7HA AR, 2HFUFE 1914 1.2511 kg H:O/kg
ACe FUEEL HUIAFIEAM 225 FAH| ¥istE Hrt A h(Fig. 13).

Fig. 139l Yehd upeh o] HAY AP H 2E(840T) oldelXe 225 F39
o] Ast@de] TH2Y F AL ZFAAM UEdE RE £+ AU 830TEYG ¥
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S EERPANE 2dFYF 1 19 AETD 125 19 F¢7 82= F2o)
T EA YEdon 840CE AYEA 20= FHYe Aas} #AXE RoET B
of BHY {9 B2TH &io] tha AVE Roz BUH AL okxA BAY
¢ AR Ao 29FAFY Wate) o 2= FAA Hojx BolA Wk
on] 2y &% Walo] o 2o FAPe W Zo) 2 oz Hol xWF
MEETgE 2u 259 Walo ma = 840THAM 850T Abol7} okzbAl dere] HA
AAEA 2Ros ABHo

o

413 2x9°] W3d & &3 290 FF wig

2] 2xWsle o AASET SAY Qo= FiF IEx ANE Huls
71 93 & H@11, 412)90A4 HF ABLH =AA AFAL B2 22FYF
1112 ZSelA s&dse o= FAEno] JABAE Hri3te Fig. 149 Jehy
Aok AT &L 27t A53taA dAA 333 Zadte Aoz YeEyo
a8y, 80t FAFL 2 2% 840T H2NA &= A7 & FAaA 9 g d
€ BYoy, Huge oM E 87 825 FFHYo] FAo HolxE Aoz
Uelt ole gdutHoz 4" Mg AZIHAM =E2HE AT FAS AR
Yetn o, AATEo] 843t Ex7t S ot 86%NAM T9%E TAEE
A2 YERG. M AB5E 7R (80%) ZH3e 43 = 840T ¥
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Fig. 13. Effect of activation temperature on iodine value according

to steam injection rate in the coconut shell base.
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Fig. 14. Effect of activation temperature on activated carbon yield

and iodine value in the coconut shell base.



414 259 AFAY Wl & MB €499 W3}

Methylene Blue(MB)t ZE¥x EF=2A 22=(Dd Hsy AFeo vluy &
mesoY} macro pore?] 3B AZE HrE £ Jd " 2g FUAFE 111 ke
H0/kg AC.E 1A%, 2 %9 W3 R AFAL ¥ @& MB 2482
v - Fr1el g oh(Fig. 15). Fig. 15914 & 4 31xe] 2o %7 Frteta, AF
AZbo] AojdFE F 24 25 MB 248 Frts oy, 810T< Ay 840T
B AFA & MB 2429 WalZo] 16 mi/g AEZE AMFAL BE B
ot 30%9A o =A JEYR, 2U £EF 840T olFoR F/AI Afde AF
AZE 30%CA 23] MB 28] Zadte FF¥S B4 28y, AFAL 58
o] A= A9 YAFNAY nulaA dsde AR UEHWD. ot TY 2€F
dFolgtn AZGE 2o HFAIZo] ZojA A &3t dA UF 450 fi
88 fEdted 8499 V18 gaE3F &4 £ AT W3 9 ZHAS S 7
Jete 2318 MB €430 ZF4a¥ 71 Aok 28y AFAIGF 2684 vehd 2
HF2E ofxA Awe EAA AL A vl A AT (micro pore)e]l FZHAF (meso
pore)o 22 Mol FHE FE o Bo] o]FojIvtn dHA Jeng 2R
48 JI2EF &EA4EUE Wi AFRHEe o Bo] o]FojA oz Holmz

AFAZ 25%0) kA B Al o AAY e¥ze2 BUAY
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Fig. 15. Effect of activation temperature on MB adsorption

according to retention time in the coconut shell base.
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415 g A3 gE AR 22= FXHI MB 247 A3

ofZA AT AAFAFAAN Heo AAARE Xold we go= FHH A
MB 2439 3JEXE Lolnr] A8 dQe AHErE2 g EEF obAA ¥
Ae HA LH2AL H L3 43 e EA4X <= Table 63 oy, He
194 58 JPL+E 82= F2AY E MB 8430 QoA & FFE "1 Ue A
o2 Hol AAAH] & Zeoz ATET F A AHEVITY Frte AEEAE
el F7t2 EEFHAAY 4T AFAAug HeF#e Aot A& F JeE
AT HL A YehtA &3 k(Table 6).

Hgte] ol @& AY SHAZRALE 22U 2% 840T, AMFAILF 5%, 2LFYF
11 kg H:Okg ACE nAsd APeAdh. Fig. 1691 YeEtARe] 82= F34Y
o A, Hee] 2= FFYHo] YolAFE AT Q2= FAYo e AHYES
el ol A3 &2 E A (Volatile Organic Matter : VM)e] 22+ A4
gol e EAs ¥A vedde AL ¢ F den, FoAd HA FHZANA
Hgtel Ao daglel 453 EXE 350~400 mg/g AEE A9 dASHA FXH

T AU =T, 4G A7) ZojASFE HEe MB 2438 94
A”olA Ziste 2L 2iod, AY4L MB 2438 JEFL 225 FFY
Wstol Hlg FEgE Bch

Table 5. Characteristics of Coconut-shell Spent Activated Carbon

Spent 1  Spent 2  Spent 3 Spent 4  Spent 5

lodine Value [mg/g] 510 490 469 453 440

MB adsorption [ml/g] 92 86 89 84 82
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Fig. 16. Variation of spent activated carbon on iodine value
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416 2 2% 2 HFL&FH Wiz

dutdoz FAAL A AFd FHH e F7122L charz HHAA
A5 gAA FA7t22 AAGY 22 B AR £ f718FY
Bat R Qe wet e $Hx0l daF £ AV HEA HAA 7T W
of B4l QA& chard] FHE MA7}L o]FoiAA Yo} X A7 Fo] FEH
20= FHo] A v FA U 7 U = e e 2o= Fi

02 FEA7HA F3Po] BEYFes od @E 7E BHGL FAST AE
B224L ANA FES} FAYEE Dolmde AFHE xYH A

53], A2 YAYBAC) FAL LAY AdAY L&At oF YABA T
271239 ZHo] oot HEHoZ Yl FrBIRE A, U, BE Fol
. Yubmez A We do Adz BAY Edcl P o] A4H A
A gRE AAHAY, 2Ee A BAY AT el HFPoz $ATFNAA
AAHAAA &1 A&HQ ZFHo| o]Ro AT o) F72F FTHE AL
g o ZoaRE JtAs vA7|TS FAVFTLE RBAIE 48 FEEY =
10A °ol8t9] 7]3E 18~28 A HHo 2|2 WHAA QX FpAr e 72 2
PAosN 1 AT MB 2487 AT L FUe FEFGL A AP,

et A FAZHE), 2€9F Q211 kg H:0kg AC)S AR, 2 &%
dgto] me Q4w AFLHe ¥5e DY H(Fig. 17). Fig. 17914 2 5 9
o] 2Ul 2% 810~840T7AXE HTE&Ho| L5 Aol wa Zrls: o
QAT Tk BT ol4te] LEANE ATEHo] AFSHAY 2% 7Has
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Fig. 17. Effect of activation temperature on total pore volume in

the coconut shell base.
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Loy 2o shjelth dwHoz AY ¥ A4S FAs HB ATE olur]
JHAAE AYAA B 7h AEEA(20S F24Y MB 243) AAS FH 5
ot 1 AEE ¢ 4 Atk AU FAME ZRHeln, AFHA AVFEE 4
AZE Wl Loboknt AAEA WY ZAJ olFjPoE AT AN F AAVE 2
Wz 379UEE 245G Yrin Qe Agolo AYPes FAYES} Ak 7}
A 5% ANEE ol2HozE FAG FHEAY AAT oFiHYTE B £
AN AsHBo] AUHes Qo ARV L AT BUHE, T, Veuo
Gow BRBE A8 240 Bol 440 FFE WAYD Arieo gebx B4
eEwist mE FPUES WRE By A8 29 FIHL1 kg HOke
AC)E TAFT, ABATE B2 0802 2y L5 S2 WU 2AUE
g BHUTHFig. 18). Fig. 1804 2 & Yo AFAZ 252 A, 29 ex
7 AEgel we Aeel FAUE045 geodl SFHPo, ¢4 AHeE 27
BIOT »TM AAL o|FUX, 1 ol 4 SENHE BASE ZFS UEHAUL
Sy ARAZ DEAME 80T 22elH BHE ol F 1 oj¥el LxoME
378 Pass 282 UBUYAT o)= @ AULLAA nZF WES AU
= vz Yose, 39 U2 AL AN A AABEE UF
o FREAZ Ao dasy, HFAL BEAM 2o 2x7) 840C 2 A
Al 0RANA U LEF 80T Rl Awe] Y e 2WUEE £E%
ath.
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FE B F AU =8, £ H4Ye] 2R3} A dAHe= AFAL 2B
ol 308 Bt w& 29= FFHY HEAE Ytk 28y, 80T 2 o]de]
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Fig. 19. Effect of activation temperature on iodine value according

to retention time in the coal base.
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olx gtk 53, 860T oldolA 2"F<UF 1:1 kg H:O/kg ACQ Z$E MB €4
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Fig. 20. Effect of activation temperature on iodine value according

to steam injection rate in the coal base.
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Fig. 21. Effect of activation temperature on MB adsorption

according to steam injection rate in the coal base.
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Fig. 22. Effect of activation temperature on apparent density

according to retention time in the coal base.
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2 dFdME 952 458 FFEr] 93 BEEHE A &4 5d 67443t
A ok, A dee HF Aded 2A¢ E237] A 4% Sz A
F3tq g3 22 2ES AU

1. ok&AHA €Ag AAA AFATH APSE 2 2g8FYF A3 g g= F3F
2 W3le AFAL BE, 2H 25 840TC, 2859 % 111 kg HO/kg ACAA 82
= F&¥o] 933 mg/gl 2 71F EA Yeutd.

2. oF A Al AT A" FBo mE A 2= FHY e AYlA 2o
HH A4 THEUA AFAT B8, 2 % 840C, 2E8FAF 111 kg HO/kg
ACAHA sge] Ao daglel 222 F33 4% 3EX7} 350~400 mg/g A=
2 Ao 4dAF3A FHEH=E A

3. ofxtA gAdee AAA 22U 2% #H3l ©E HIZTLA HIE HFH AALE 84
0CAA AF8&Ho] 076 cc/goE ANEH052 cc/g) B 4% AE ZF7tstR s, =32
Y A8045 cc/g)dll A 2FH3e Aoz YEg.

4. eAd g4e AAA AFATH QY2 E R 2HFUF Ao & 20= FF
g Hsles AFAL 08, 2W 2% 80T, 28FY% 11 kg H:O/kg A.CoA &

2= Faeo] 834 mg/go2 7} EA v

5 AeA gAde QYA 259 2FFUF WEo I E MB 248 ¥3E 2 2%
860TC, 295U 111 kg H:O/kg A.CAA 204 mli/gl.2 7F3 EA YeErst

6. okAHAl B4 ARA AYFE80%)7 A5 JEAGE 225 F23 oy 300~



400 mg/g)E 9HEAL + AE FFH YAZRAL AFAL BE, U 2% 8407, &
HdFY# 111 kg H:O0/kg AC.Z EEFHAT

7. ARAFEB0%)H A% IJEA (A 20= F&3 dv] 300~400 mg/g)E TEAY
F AT A g499 HF AARF L AFAIL 08, 22U 2% 80T, ~EF

¥#F 111 kg H:O/kg AC.2 =& HAUT

8. 2= AFALY gl g FALUES] WaEe YdPH LR 724(0.32~0.29 g/cc)
3t3 860TCH-2AM Agd 77ty 2T gg Jehdo
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