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Abstract

This research assessed the surface properties of modified activated carbons with three different acids and five
different metals for ammonia gas removal. Raw bituminous coal-based activated carbon (4 x 8 mesh) had low
adsorption capacity of 0.72mg NH4/g based on the analysis in the column adsorption experiment. Adsorption capa-
cities of carbons modified with CH;COOH, H,;PO,, and H,SO, increased up to 3.34, 21.00, and 35.21 mg NH./g,
respectively. Those of carbons with Cu, Zn, Zr, Fe, and Sn were 9.63, 9.13, 7.09, 25.12 and 15.03 mg NH4/g.
Ammonia adsorption was enhanced by the presence of surface oxygen groups on carbon materials, which influenced
pH of carbon surface. BET surface area of raw carbon was analyzed to be 1087 m?/g, but it decreased by carbon
surface modification. Fe-impregnated carbon showed 503.02 m?/g of surface area. These observations were mostly

caused by chemical adsorption.
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Table 1. Adsorption capacity and breakthrough time of modified activated carbon with metal and acid based materials.

Samoles Used activated Adsorption capacity Breakthrough
P carbon mass(g) (mg NH4/g) time (min)
Raw carbon AC 6.160 0.72(1)* 33(1)
CH;COOH-AC 6.863 3.43(4.76) 115(3.48)
Acid-modified carbons H,PO,-AC 7.280 21.00(29.17) 746 (22.61)
H,SO,-AC 6.809 35.21(48.90) 1170(35.45)
Cu-AC 7.570 9.63(13.38) 356(10.79)
Zn-AC 7.431 9.13(12.68) 331(10.03)
Metal-modified carbons Zr-AC 7.772 7.09(9.85) 269(8.15)
Fe-AC 7.789 25.12(34.89) 955(28.94)
Sn-AC 8.166 15.03(20.88) 599(18.15)

“Relative value between modified activated carbon and raw carbon
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Fig. 3. Effect of surface pH of activated carbons on am-
monia adsorption.

Table 2. Elemental analysis of activated carbon with energy dispersive X-ray spectroscopy (EDS).

Samples C(wt.%) O (wt.%) Others (wt.%)?
Raw carbon AC 96.95 2.09 0.96
CH;COOH-AC 95.91 2.66 143
Acid-modified carbons H;PO,-AC 88.79 8.29 2.92
H,SO,-AC 81.42 12.42 6.16
Cu-AC 85.46 3.98 10.56
Zn-AC 75.37 139 10.73
Metal-modified carbons Zr-AC 88.38 295 8.67
Fe-AC 40.49 3291 26.6
Sn-AC 68.54 1117 20.29

Mg, Al, Si, S, Petc.
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Table 3. Physical characteristics of modified activated carbon based on BET analysis.

Samples BET surface Total pore Average pore
P area(m?/g) volume? (cm®/g) diameter (nm)
Raw carbon AC 1087.7 0.6361 2.3392
CH;COOH-AC 1025.4 0.6381 2.4892
Acid-modified carbons H;PO,-AC 1019.8 0.5981 2.3462
H,SO,-AC 980.62 0.5750 2.3454
Cu-AC 852.87 0.3899 1.8284
Zn-AC 918.09 0.4248 1.8509
Metal-modified carbons Zr-AC 947.39 0.4340 1.8323
Fe-AC 503.02 0.2331 1.8536
Sn-AC 939.53 0.4253 1.8108
#p/po=0.995 for raw and metal-modified carbons; p/po=0.313 for metal-modified carbon
2 Fse) 7RIk A o8 AR 2R a0 ——
A% 09149 AAASE o ARWAE Yehle < 794 L Hso,
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}‘%7]( COOH) 7]_ ]]1,)7]( C= O) _z“ 7] (ArOH) ammonia adsorption.

So] 9l5}h(Li et al. 2011; Bandosz and Petit, 2009;
Boehm, 1994).
¥ AYeINE pHE 342 oz 715718 2
HA oz goldl 4= glgl o} o) ¢o = FT-IR(Fourier
Transform-Infrared Spectroscopy)& o] &-3te] z+2+e)
715718 vz metd 4~ glv} Bandosz and Petit
(2009)9] ATelrME= FFES o83t HAd &
sJeke] FT-IREAE Eale] 712 8417] (-COOH)E
stQlalgch = A o843 WA BARIA
FT-IRA#ZA} F8 7]%57]% 7k2547] (-COOH)
42417) (~OH) = %4191} (Huang et al., 2008).

53
= i HelFy 9ot 4wt
gHdete] w)mwA-e 1087.7mige| gl o] HAg &
AERE 3 olete et $4E AT S

o] Abe FAA FARku} vEAHe) ha
eisigon o F Be iéiﬁi SRS )
o] 503.02m%ge.z Zra
WaSe i AR 3 ARE =
Woz FAEG] ool °J_°M~ Wyos vt
=t} (Huang et al., 2010). Cui et al. (2008)2] < F-ol| A
= 23 Asko) 1,].5].1;{01:1 OrA] =293} 7{4. a3
& F2g s 33 s 33 77
A BYRe T34 A G
om ol g 4 YA DAk
‘Wéﬂ—% Ao erelc). Depci (012)% -2
NOJ; - 9H,0% HA59& o vho|2z
vz T35} 28.45%, 46.13%% 7tA
si=5l L_s]—OﬂE]— Yangetal (2008)-> 4 A
o A aegixr)

'ﬂ ofd i o)
TR} 1~>
oo

ol ox o

>

J. KOSAE Voal. 29, No. 3(2013)



(a) Raw bon

(h) Fe

Fig. 5. Micrograph of modified activated carbons enlarged 1000 x .
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