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Evaluation on Filter/Adsorber Granular Activated Carbon using in
Advanced Drinking Water Treatment: Abrasion number, Floater,
Water-soluble ash, and Adsorption characteristics
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ABSTRACT

The characteristics of filter/adsorber granular activated carbon (F/A GAC) were investigated by measuring various parameters,
which include surface area, pore volume, abrasion number, floater, and water-soluble ash. The correlation between parameters
was also evaluated. Moreover, rapid small-scale column test (RSSCT) was conducted for adsorption characteristics. Thirteen
F/A GAC were tested, and the average values of abrasion number and water-soluble ash were 88.9 and 0.15%, respectively.
F/A GAC with the larger external surface area and greater mesopore volume had the lower abrasion number, which
indicated that it was worn out relatively easily. Water-soluble ash of coconut-based GAC (about 2.6%) was greater
than that of coal-based GAC (less than 1%), and the pH of solution was increased with GAC, which had the higher
water-soluble ash. On the other hand, floater of thirteen F/A GAC was divided as two groups, which one group had
relatively higher floater (2.7~3.5%) and the other group had lower floater (approximately 0.5%). The results of RSSCT
indicated that coconut-based GAC (i.e. relatively higher water-soluble ash) had less adsorption capacity. Moreover, adsorption
capacity of coal-based GAC with larger surface area and greater mesopore volume was superior to others.

Key words: Filter/Adsorber Granular Activated Carbon (F/A GAC), Abrasion number, Floater, Water-soluble ash, Rapid Small
Scale Column Test (RSSCT)

ZA0f: EdEE 0nfR] (GAC F/A), DIRER|%, BEQEM 48M3|2, Rapid Small Scale Column Test (RSSCT)
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WA £2, TOC (total organic carbon), 5= Z2HA|
Sk 4= e} (Graese et al,, 1987). =FUjof| A JAFEA RS
ol A Tk AR Ho] BgEo] SO,
2ol et bA] 34 o83t Al o] 5o
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B 71E A e s A =
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&3 171 AA7F 7Fs5kH(Babi et al,, 2007), 2%
b2tk AESAHE (DBPS) Alolo] 104 &)
B7HE AL et (Kim and Kang, 2008). whebA,
oz of| A ZHdete] oA (A=A Ee
952 Bl Sid Aol Basitt

Table 1o YebdH =] Ad&dete] 47
Atm R, 2] 2 7]& (Ministry of Environment in
Korea, 2007)0| 4= 54 E+E1 27 371
ol BAAE 952 2 1)l G5o] AgEol3)
t}. ¥HH, AWWA (American Water Works Association,
2006) TFA71%L F FA7IENE e Bt gEo
B2, 8%, AEVNE, 8%, +e Al 1
5 ohAS 5 o7 g Het FA7150] S o
A o] ity ESH JWWA (Japan Water Works
Association, 2006) TFZ7]&L& Axo} & EA] T3
18719] 5+4 7]|zo] A= o] Qltt. ole} Lol = ++4
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71800 WA QMY Bl o) 2718 DOCE} Uvass
HmELS o, BHEE A UAH Brh PReja] 5 2629 mgllef 0.04-024 em .
Table 1. Domestic and foreign standards for granular activated carbon
Parameter Korea” JWWAP AWWA? Parameter Korea® JWWAY AWWAY

lodine number >050 mg/g | >900 mg/g | >500 mg/g | Effective Size 0.3~1.3 mm | 0.3~1.3 mm
Methylene blue >150 mL/g | >150 mL/g - Uniformity Coefficient 1.2~2.0 21
pH 4.0~11.0 4.0~8.0 Charging density >0.4 g/mL
Phenol number <25 <25 Hardness >90
ABS number <50 <50 Residue on ignition <10%
Chloride <0.5% <0.5% - EC <10 ps/cm
Residue retained 2.4 mm, <0 Max <259 | Color unit <0.5 deg.

0.5 pm, >95 Min. <5% | Turbidity <0.2 deg.
Properties black granular Taste, odor clear -
Certified test proper Apparent density >0.20 glcc
Loss on drying <5% Abrasion number >70%
AS <2 mgkg Moisture <8%
Pb <10 mg/kg Water-extractable ash <4%
Cd <1 mglkg - Non-wattable <5%
Zn <50 mg/kg -

® Ministry of Environment in Korea, 2007; ®J WWA, 2006; © AWWA, 2006; ¢ Sieve number
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2.2.1 OF2X|4= (abrasion number)

AWWAO A A A5H= B6014-12 SAJet B4 314
HhH-S 7|22 Ro-tap sieve shaker (Germany, RX 30)
& 8ot vpmARE St el 29
W, AR 100 £ 5 g2 105 + 102 59F A4S 23
dtol A= 248 st 2 el Ao RAS
A3t &, th2 $24] (equation (1)& ©]-&3to] npit
B U7 (original D, ,,)& 5k

RO\

summation of (W,XD,)

M

“WI=  summation of (W

Daug = lﬁ ?Jﬂ (mm)
W = 2 A AL w (®
D, = Siolal Al 3

i d A AEE Rt $, A9E (B4 12.7 mm
o 19 mm 275 1074)& o]-85to] 202 £ 2% &
oF npE Agstlon, A o =5 45t
7z QoA FAE SAste] nie ¥ H
(final D,,,)& 44 (equation (1)) ©|-§3}o] 3}
ok FFAo®, n A 3] 7} QoA o] 7
3t= o]-&dto] mtA|E 4=24] (equation (2))E ©]
shof 5T

o opening %73 (mm)

final D

avg

adrasion vmber(%) = X100 (2)

original D,,,

2.2.2 BQEM (floater)

A Ere] RREA (floater)2 2=t ‘C' AL
AP e 7250 228319t (Carbochem, 2015).
A& 9F 50 g(B)2 A=Y (dry oven)E ©]-83}o] 110 °C
oAA 3027 AxF F, ARE A AF27HA A
Yziet &, 500 mL H|FA o AlRE TSl SR
300 mLE Yo 3 oF 600 pmO & 5H7k wukstith
A, 108 7 A B melo] v ok RaE
o Ashenh HAY BHDE AT} 2L o
2 Az, 97 a=a FAE 54 @3k dA 7
qu] &4 BAS %2 Lrehhsict (equation (3).

Floater(%) = %X 100 3)

&

2.2.3 £2M 3|5 (water—soluble ash)

484 3B (water-soluble ash) =742 ASTMo] A

AABHE A DS029-98% 7] 23ke] AEE 43
sheith ARE 150°C, 3A17E ol AZ ., dlAlAo]
Bol A Wzskel 10 = 0.1 ¢ *lfa'a%_— Fule F B
Zepazo] B RS0 W Wi, L5 A%
of o5t B HER I5E Hol 7}%}% 829
AL 510 um B3 27] FerelmAe] 21 ofzt
3 H, AR Waste] pHE 245, GRulE FU
A0 S0 mL B, thEeR 1S0C, 641

ol ¢z %, Eﬂ*lﬁ’ﬂolﬁoﬂ/ﬂ W2t Zhoj&
BRE31o] 0.1 mg @AY 91 wi7bx] A 24 st H
gy 5188 %s ehyeln (equation (4)).

water — soluble ash(% )= %X 100 (4)
A = FEHA FA (9

B = Zrojzo]l @l FHHA 74 ()

C =24 74 (9)

D= 224 A8t 29| 39 (L)

2.2.4 RSSCT (rapid small scale column test)

RSSCTE: AR A9 (small column)x}t it &
2 (large column)] E-AJgr R} 2 Hof thgt scaling
A5 ol-&3sto] fullscale®] HA| A4S WA
bench-scale®] &A% SHZXAS
&|&=t} (Crittenden et al., 1991). o] A3 &HZHA
Z4317] 91510 Summers et al. (1995)0]| 4 A A| St
D (proportional diffusivity)ol] =7 gt QIA}A]-S 13}
@“3} E3 S4H 24 24 F e s 44
ICR (The Information Collection Rule) mannual©f 4]
bl 24 dols 4 (Rew w) AR
AA 3 24 A (experienced full-scaled)T} Z4
RSSCT %7 (bench-scaled)2 Table 20] YEFH AT
RSSCT Adef =98 e HFEE AAE ¢
A ] Lo AHg-Flom, F549] UV, DOC
SAsIAT £ 7158 T 5 UE = UVay
Analytikjena_J SPECORD-200 Spectrometer—‘:—l o]-&

S, 0.45 pym oJT}X] (Filter paper)of] AE2 o]}
H, Al Aol gofA] 254 nm sl A STt
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Table 2. Conditions of RSSCT

Experienced RSSCT
Column ’ Scaling Equations®
. Full-scaled® | Bench-scaled 1ng =quatt
Particle size 1.062 mm 0.112 mm | - Scaling factor(SF): - Empty bed contact time(EBCT):
e 1.062 EBCTic_ 14.0 .
SF=—C= =9.444 EBCTgq= —artl= =1.482
Particle main range| 12x40 100200 dse 0112 oosE T 94u e
- Loading rate:
EBCT 14.0min 1.48 min Vo fescin X VseX s
SC ds‘(’
Loading rate 135 m/day | 174 m/day | ° Flow rate: * Column length:
Qsc= VX m(DCq)*/4 lso= VX EBCTg
Layer height 131 cm 17.8 cm * Where
EBCT =empty bed contact time; SC, LC = small column, large column; d, =media diameter
Flow rate - 6.03 ml/min | Re=Reynolds number; v = kinematic viscosity; ¢ = bed porosity; DC = column diamter

Source: ¥ Ahn et al., 2007; ® Summers et al., 1995

DOC (Dissolved Organic Carbon)+= AnalytikJena®] NC gEe o £ 9ot

31002 o] gaton, IR 045 um OB whEALE QAEHIRe] nga Fee] §4 8 nhe

o|7gt MES pH 20|8t2 XSk, AMALR £7|5} of thet S Uetdl= AR ntHEA 57 2245
= pd

of Y Frleds AAT F L24tsk NDIR - vpiof tigh 2 A=

(Non-dispersive infrared) ¥4 02 =43¢ ch

3. Znt ¥

3.0 DHRRR, RS U +84

Aol ARESE & 137HA] 44
CREEEE R T
54 283 84D A

FBEEALS B A fB AR GHS Z S W
A7He Table 3 U al, 1987) FATrlTA ol 28T QAR Tl

2kl Q= A& ofu)git} (Marsh

and Reinoso, 2006). Z/dgto]u}x| T2 o= 113 &

Folet e 2o R Qlsto] meff ojufx|] Y =

T2 o]Afo g WIS JA|F o] @ E =1 (Graese et

al, 1987), o|= Qlglo] R et dors w=
[e)

Al vtE 7Hs/do] w2 AL R YA U th(van Stone
et al, 1999). WRELE Ql3to] W 4 = o] A7)k
A5 FEARE oA V) By

1 ofuzh /o] 2| of

]| (Graese et

>

Efiiglct. Aol ARget RS IHEA (A, X4 2He Fa% BrEolet & 4= Qi
H

B, C, I, K, L, M)} &]=3|AF (D, E, F, G, H, I) A&

AB oA 2AE 13717 QAFEHAEre] bl )4

o7 FESIHA, YRR wet JEAE (A ~ K)T} H ol 86.2~93.1%% UEhton, HAZHS 88.9%%

oA (L, MR HEalglch

t} (Table 3). Ratnoji and singh (2014)= oFAIAIE 9] A

e =94 54 Ul A 755 Aedeto] AeAEe ATl Hs] Ak
1 ke dAEe Az Aol wep deEpAw, o|F (Hardness)7} 733}al nfn o] #glo] vlmwzd 7}shchal
i o] wdEdes FEsEo]l SRt nusigh 9ARe EA4S Bk u), B o)A
(Cecen, 2014). =] 2|A] ] AP A wlAl7]+5 25 ofxbA| S QAFEHA BT nfm x| 4ab AR o
E31] (micropore volume)?} W5 3£ H A (internal surface 2 o Ho| &slgon, E3 2e R ugHA T}

area)2 0.15~0.70 cm’/g, 500~1500 m*/go]™, W4 #H 27V7)1 32 a2 el (Table 3).

[e} =
FE4S ABY FAS Uehit 37t A4E

& FAeto] & FHA (total surface area)2] 95% T B

ol sigE et =3 F171 85 (mesopore volume) B3} & 4] A4S QABARo R0 V%S 4
9} Q)R FHA (external surface area)> 0.1~0.65 cm’/g, S 22 gl &A1 olulgit), F T2 AWWAO| A=
10~200 m¥ge 2 <2# it} (Bansal and Goya, oAhz|o] z7] vl JArEAEle] X3 x| 9
2005). o]e} o] Aglo AR BT ES A T HArEhe] WRABSHs o] 2] o] 4AlS ‘non-wettable’ 2
Mol ehgere] 713 xel EUA W @ okl ) golate] elet ook
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SR CAR- eI BYS |
Table 3. Characteristic of granular activated carbon
Internal External Meso micro Abrasion Water-
Floater
Sample | surface area | Surface area | pore volume | pore volume number (%) soluble ash
0
(m*g) (m*/g) (cm’/g) (cm’/g) (%) (%)
A 1128.9 35.835 0.1858 0.546 90.7 = 0.70 2.93 £0.03 | 0.177 = 0.012
B 1010.3 82.663 0.2365 0.4463 86.2 = 0.48 0.54 = 0.06 0.046 = 0.009
C 1213.0 90.956 0.2674 0.5648 91.8 £0.48 3.12 = 0.05 0.618 = 0.012
D 1028.8 94.226 0.2243 0.435 87.2 = 0.59 0.67 = 0.03 | 0.094 = 0.021
E 974.5 47.689 0.1685 0.4507 86.9 = 1.73 2.57 +£0.05 0.079 %= 0.007
F 822.1 32.846 0.1035 0.3584 89.0 £ 1.34 0.56 £ 0.04 0.068 = 0.006
G 913.0 55.245 0.1596 0.3997 89.9 = 0.15 2.81 £0.05 | 0.101 = 0.021
H 939.7 73.668 0.1865 0.417 86.5 = 1.81 0.49 = 0.02 0.117 = 0.01
I 986.36 19.206 0.1131 0.4703 93.1 £0.39 3.52 +£0.08 0.063 = 0.01
] 1117.3 47.873 0.1652 0.4958 86.7 = 0.68 0.61 =0.04 | 0.119 = 0.012
K 1157.8 44.095 0.1237 0.4474 87.7 £ 0.46 0.55 = 0.07 0.123 = 0.012
L 1088.1 48.361 0.1522 0.4762 89.5 £ 0.16 2.97 £ 0.03 2.555 £ 0.107
M 814.7 27.195 0.0954 0.3528 90.2 = 0.30 3.04 £0.06 | 2.582 = 0.167
Sample: coal base(A~K), coconut base(L, M), domestic(A, B, C, J, K, L, M), foreign(D, E, F, G, H, I)
Aol S48 1370 YR vhs
g,}g 27-35%% AA o g uwe ofo] Hosll 9 300 ]
ArekAer 112 (2 77):A, C, E, G L L, M)Z} 9F 0.5% N
S 2.00 A
Hw B *(5- 671:B, D, F, H, J, K)o & U} g
AT ARAOE ofIARE RAEHAT & o] .
&0 —5H%Q%E]" % 0.20 c
S84 SRS QAT BeE 8F AAE .| 0T
%2 Akl & ¢ e, FES 54 pH 221 2 P o @K
25 AR Aol i oz geld 9t LA
(New Mexico Environment Department, 2015). AWWA ' g
5 = 0.00 . . . ; ; ; ; ;
o A<= water extractable ashehi= HYHOZ 4% o|st= 60 65 70 75 80 85 90 95 100 105
Be]=ar ok (Table 1 2FaT). pH
o 38 =3 7&37)r Hg}zﬂoﬂg QJAFELE (1% Fig. 1. The pH of solution vs. water-soluble ash. 3
o|uh Rt} ofzlA d o S EH(SF 2.6%)00 A o & 5
12h) E}_ FAHA e‘—J JEHIEH(2F 2.6%) 0l 4] T (Ca(OH))S &Ata oA FAE ZAlsizao 5
o ol sizel 82EE Shlsiac AR § g
s e aagole T Sokslole OMmow gaE £ B
= _Q_OH_O,] H= .%X’]‘c:)‘}—oj u:] /\_Q_/H §] _L]- Z2~Q ol
= pH= =780 m— o o T Q) o A AEA|EAJERY] AzFgHo
o) o] et 1o creha okt sioic. webd AgAgdEe] Amgiolt
P "FERAS T | AR Rl whel Zre] o] cha, olelst e U
A1) GBARY F8AEEG 8o N o
. N of wief 84 e pHoll FFS F+= Aoz AlmHrh
pHO| TAL wluld Ao M £E AT, o
A LIt M 183 AetAd AL} CE A|stH A _
AE Lt 2 HeAE Af CE Al 95} 3 32 Al mot
3]7] (linear regression)atiS o r° 7} 91%= wj>- =
A Uepsdeh FAAoR FEH EATLY] AHEAE B7HsA
29 A3 H Z7lo] w2 pH Z7}= SAer Edo t}h 1371A] YAFEAIELe] o] HL 3 H A (external surface
ZAY5He Zh(Ca) T2 Aoz AR E T Mazyck area)¥} Z717]-853] (mesopore volume) 7t 7+He] A1d
et al. (2005)-2 AEHA| EAEtol|l= ZHs (Ca)o] SE3HA s AAde ot AEEAE B S W, BlE
(abundant) EASH=T, B3 wgtel FASEE WA (7 =800 EATE & 5 AL (Fig 2 @),
81 [
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Fig. 3. Correlation of abrasion number with (a) external surface area and (b) mesopore volume.

olgt Ait= 2] FEW A (Extemal surface area)> 1]
M| 715 (Mesopore)X} 7 tf) 7] 2-(Macropore) 2] E'HZ -
Ve = QIA}ehar 3 Cecen (2014)9] a4 U x|8H=
Aztolrt. w3k WHEH 4 (internal surface area)¥} 1] A
7)3-5-1] (micropore volume)7Fe] H]#H| A (r* = 81%)7}
AR & = QST (Fig 2 (b). 28 %e] &24

AR A W Sk 7| g Bk
B(ohRAS, R9EA 2ol $848lR)zke] At
A% A, SeEAe BUd 54w Su
HEEAE e SRR, ohR e 1 g ARl

o ARIA EATE & = 9k
HfRA| S YRR g

AZE FAAE, 22 Bl

A et ol S Az 3 5 B4sh o
oA Thedseo] weh 271, A 71Fo] Wkl H
A e sl ohw Age 2k Aol A skt
(Menendez and Gullon, 2006). =, QR EHA 1} =717]-%
Ba7} 2o JABABS R gk o] Ak
AL ojulshul, REWAD F71 3R 7} waa
o‘:]/\}ﬁ/ﬂE]-_O_ ubm @ olek AAlo] Ao R ke

2 mojFa 9k (Fig 3). M0, A QA
e C2 Aol Lol 2] AR
4 9 7))o} nh A 4e] AREA L A

(r2)7]- Z¥ZF 17%01 4 53% D 5%l 4] 34%2 Z71He
& 4 ATk ARAE AR CE ALz AR S
blEs Zﬁ ©F Fig. 3o vepiict
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uhglol, oAl QAMEARE (Lo M)TH AeA
AT C2 AolT 107 YA 4843
R oREwd W 073 Rnes 4nnA7t ¢
AT, WEEWA u wAylgyier weuAS
ehgict (Fig 4). WRERAo] QREAH S| ]3|
55 §7] Uo] Bake] BEWAo] Yol +84
s 5ol Ao Golsh §EEE Ao 4
S glom, WRERAY u]4)7) 5] v
25 Sg4aETe MHBRAE S5E & Ao
F5, oA QAT Lk M 9 AEAD Q4
ST CE AT YRERA % n)a R e} 4
S8R AHE (2% 247 34% W 33%3ck o
714 Fstol B e WRER @ )47 3R
B AABAT £8ABES BAT ARAE
o] MRALY B, S8HREY ol ululat] o)
Ro YRz (WEEWA, vAy| gL v
YU 4 BHTORY ML AL WA
O AoE WHHD FHHOR nEAS, BGE
A, S4B Al WS gl AuEAE W7t
st AnaAst e slstac

R
L QAR T mhEASL 3 G Ao)
LEER
| o

e M2 Th

=
K
)
P
N
9
R
4z
o
oX m
oX
[¢]

o
tf E3L JAEAAE D, E, I+ AgtAgol,
At M2 ofAHAE dE:ARE A8k
RSSCT AEe &3l +3F A4S AAlE ALt
scaling factor (9.444)E F35to] ¥HZHA|7] scaled operation
timeS 2-835}% 2, Fig. 5+ scaled operation time]|

2 #E59 DOCe UV2s4= LHEr Slct

DOC (Fig. 5. (a))2] A5, A4E Ul 7HA 47424
g 5 Mo| 7P wpaprt w27 ZgE o] 14404 oF
82%7HA] F7¥sEl o, To| A= 14U A oF 60%, L
23l 47Ul A oF 80%7HA] F7Fstoith REH, Qg
/J&t D} E= Blw 4 mpujrt A 45| Z3PEHA, 84
A7EA] 60% = R om, 1S 2 160U 7] =
60~70%% -G-X| =gk

E3E UV2S4 (Fig. 5. (0)2] Aol upxir A 2 ¢
AR M} T4 WHE ST Qoju T e
& DO} EoflA AA13] bzt dolteh 1t AA|
& O 7 FU3} scaled operation timeo]| 4] DOCo] H]35}
UV2549] wab-go] oF 10~15% A=9| 2olE HI=
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