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A Study on the Preparation of Activated Carbon
from Waste Citrus Peel by KOH Activation

Jong—Woo Kim

Department of Construction and Environmental Engineering
Graduate School of Industry
Cheju National University

Supervised by Professor Sang-Kyu Kam

Summary

As the method to reuse the waste citrus peel (which is a
biomass resource and is discarded in large amounts in Jeju Island)
efficiently, activated carbon was prepared by the carbonization
process, followed by the chemical activation process with KOH. The
characteristics of the products prepared at each process were
analyzed, from which the optimum condition at each process was

evaluated. The results obtained were as follows:

1. The waste citrus peel was composed of natural materials and it
was observed that the waste citrus peel was pyrolyzed by three

steps: the first step which water and a little volatile materials



within it were evaporated (up to about 1207T), the second step
which its weight loss ratio was great (in the range of about 120
~3507C), and the third step which its pyrolysis came to an end

slowly (above about 3507C).

. The optimal condition of carbonization was at 300C for 1.5 hr
and at this condition, the iodine adsorptivity of carbonized sample

was 646 mg/g.

. The activated carbon prepared with carbonized samples prepared
at optimal carbonization condition, showed the highest iodine
adsorptivity of 1,246 mg/g at the activation condition of 300%
KOH ratio and 900C for 1.5 hr.

. Comparing the composition of C, H, N and ash for activated
carbon with that for waste citrus peel or carbonized sample, the
content of C was increased greatly, but the contents of H and N
were decreasd greatly. For ash, the composition of CaO was
decreased, but KyO was increased greatly with above 60% of

total composition.

SEM photography showed that the carbonized sample had the

surface with the pores of regular shapes at carbonization temp.

_vi_



of 300C, but with broken ones at higher carbonization temp.,
and the activated carbon had the more active surface with the
production of many micropores by chemical activation, compared

with that of the former.

With increasing KOH ratio from 100% to 300% for activated
carbon, the micropores of surface were well-developed relatively,
specific surface area and total pore volume were increased from
1,134 mg/g to 1527 mg/g, from 0662 cm’/g to 1004 cm’/g,
respectively, but average pore diameter was decreased from 24.2
A to 20.7A. All the activated carbons prepared with different
KOH ratio showed Type 1 adsorption i1sotherms for the

adsorption of nitrogen gas.
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Fig. 1. Pore structure of activated carbon.
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55 CHN #47](Leuco CHN-900) % X-A 333FA7](X-ray fluorescence
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A Al WHEKS M 1802)e whek FAs AL, FUSAE Y FHs FARAAAR A
[SEM(Scanning Electron Microscope), Hitachi S-2460N)< ©]&-3}o] 20 KV, 10004}
o] vj&ol A HASIAUT. Axd A v FEWA B AFELS BET HEHSA
7] (Micromeritics, ASAP-2010) % Mercury porosimeter(Micromeritics, poresizer
9320)5 ol&3sle] FAsIAh A4 35-3000A Ale]o|A= BET HZHAZAH7IE o]
g3lo] TTKol A A S o& H] ¥ A (Specific surface area), Al-&53 (Pore
volume) 2 A& &3 (Pore size distribution)E 74393, A7 85~1,000,000A A}
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=48Ath BET 54 d &= 2% 30T 24 2917
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Fy2HEE  ALdEAr BJH FAAFE9(Vpy, cumulative pore  volume)
BJH(Barrett, Joyner and Halendar) method(1951)l ]3] AAFE AT MEEIZE A
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V. 2% % 13

2 Ao ALEH AAZ gEurs A FFAAUAIFEH(2005)00 o A
AEH oEE Table 191 YEFNSITE Table 1914 XX = wpe}

Ao A2 dFEe] BF3=E(703%)2 FAEH i, BFIE

(Vibrio  parahaemolyticus), =9z}

to

(Staphylococcus — aureus), “FGH B¢
(Salmonella), ™7t (Escherichia coli)l, 5 <F(EPN &) ¥ Zw%(Pb, Cd, Sn)ell sl
A% A3 F4 B B Eolddch wEkA B AN Aled fgEErE A

= = = n [elie]
=, % 2 5 odHA F2 o5 AA ARE FAEH des € F U

Table 1. Composition and contamination extent of waste citrus peel

Composition(%s)
Crude A,
) 10.0 Crude lipid 3.6 Carbohydrate 70.3
protein
Ash 49 water 11.2
Contamination extent
Microorganisms
(Staphylococcus aureus, Vibrio parahaemolyticus, negative
Salmonella, Escherichia coli)
Pesticides(EPN et al.) not detected
Heavy metals(Pb, Cd, Sn) not detected
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ARt sttt Choiel Z23te} 2 AFARE vlus] B, g3k % 5007C
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Fig. 4. Yield of carbonized sample as a function of carbonization

temperature (A: 0.5 hr, J: 1 hr, O: 1.5 hr).
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Fig. 5. Todine adsorptivity of carbonized sample as a function

of carbonization temperature (A: 0.5 hr, [ ]: 1 hr, O: 1.5 hr).
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(a) 300C

Fig. 6. SEM photographs of carbonized sample (carbonization
temperature: 3007C (a), 500C (b), 700°C(c), carbonization
time: 1.5 hr, magnification x1,000).
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gt s ol et AA =l AtEue] Fo sehH Aws wlaste] 14
= Table 2 % Table 39 WEeERARTE Table 2014 H5%o] C, H, N2 #7=8HC
48.3%, H 6.4%, N 4.1%)°l H&l 300C, 15 hro=2 &8s Az 4% C
53%, N 28%= #ztgut Algd C &=FS oF 20% A F7Fetla, HeF N &2
n g skl

Table 32 &3} M5 F7]&E Ao HuE YERA o= wstel #Agle] Al
F2E UFE Ca09 KOOz FAHol glow, vsir g gl Algd] H 3|

CuO%t SO; =4l 8ol #FaHdeses & + AT

Table 2. The composition of C, H, N of waste citrus peel and carbonized sample

Sample . § .
Waste Citrus Peel Carbonized Sample
CHN(%)
C (%) 48.3 67.6
H (%) 6.4 5.2
N (%) 4.1 2.8

*sample prepared under the conditions of 300°C and 1.5 hr.
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Table 3. The composition of ash of waste citrus peel and carbonized sample

Sample . ' ]
Compound Waste Citrus Peel Carbonized Sample
Ca0 36.2 376
0 29.3 30.4
CuO 112 97
50s 9.3 3.2
Na,0 41 3.4
P 48 7.4
SiOy 3.9 19
AlOs3 12 0.9
MgO - 77
e - 48
Zn0O _ s
Cl Yy -
Total(%) 100.0 100.0

“sample prepared under the conditions of 300°C and 1.5 hr.
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Table 4. Yield of activated carbon under the conditions used in this study for

KOH activation

KOH ratio(wt%) Activation temp.('C) Activation time(hr) Yield(%)
400 60
500 55
600 51
100 15
700 49
800 45
900 43
Range(mean) 43-60(51)
400 58
500 53
600 49
200 15
700 45
800 43
900 41
Range(mean) 41-58(48)
400 53
500 51
600 46
300 i85
700 43
800 40
900 39
Range(mean) 39-53(45)
o . Yield(%)
KOH Activation time — .
] Activation temp.(TC)
ratio(wt%) (hr)
500 700 900
0.5 59 47 41
1.0 56 45 40
300
15 53 43 39
2.0 51 42 39
Range(mean) 51-59 42-47 39-41
£ (55) (44) (40)

_29_



2) A

lo,
=2
ne)
Jm
o,

&)
wQ

©
rlr
i
oy
>
b
i
]
ox,
oy
rlo
ki
[{e]
o
o
‘O
i)
ox
oy
>
)
—
&
=
=

2
>,
]
ox,
oy
2
=
@)
-

100%, 200%, 300%°.% sto] ozl ggdete] SEM Abxlelty, A4 o= whstal 7
o SEM ARAls} wlastel(Fig. 4) ¥Wol Ug BAREE AL B3I F g,
FHAAKODS A7ME FRCE/RI) $52 A3 ATl FyH AT o)
o Zo] W& lFEe] WD grkn #eHthLee 5, 1999), KOH 248449
1gugo] F7heel met U9 Fepe @

o B9 7t A AL BAB F ATk ol LoIA AFH vhsh 2ol A

A &o] S7FEeE KOHS 7h2st whgo] X0 g5 B2 &7t L Ea o

ut

_30_



(a) KOH 100%

Fig. 9. SEM photographs of activated carbon (activation
temperature: 900C; activation time: 1.5 hr;

magnification x1,000).
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HAAzZA(ZsE &% 900C, &4t AZF 1.5 hr, KOH FAH]& 300%) el 4 Az
d Zdee] F9 3184 S Table 5 2 Table 69 YEFNSITE Table 29 #H7F
29 B gstAl gl vlaulste] AlxE @4 C FEFe st e, H 2 N 3
G2 AA FAFUHTable 5). ol oA g5y sbslAde] gk KOHZ <l

s FYT Ewel H @ NE £gehe /1577t dion gastar] qee 2

o](Table 3), °ol& A5 F4&E2 CaOt 22.1%
3te] KoO7F AA 71 &9 60% oS A=

F % AAgoR Brde FAsE FRA BB Kb 39590 gEa
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Table 5. The composition of C, H, N of activated carbon

CHN(%) Activated carbon’
C 78.6
H 0.1
N 0.2

“sample prepared under the conditions of activation temp. 900°C, activation time
1.5 hr and KOH ratio of 300%.
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Table 6. The composition of ash

of activated carbon

Compound Activated carbon”
Ca0O 22.1
K0 64.0
CuO -
SO 0.8
Na2O =
P>0s 2.0
Si0. 1.9
AlO3 0.7
MgO 53
Fe:03 3.2
Zn0O -
Cl -
Total(%) 100.0

"sample prepared under the conditions of activation temp. 900°C, activation time
1.5 hr and KOH ratio of 300%.

4) ZAre] v A, AFTHY 2 AFEE
dutd o w gAEe] 9N Fwol 20A olstel WAV &S 3] ARE EA 3
i, giFEoe]l F71E &2 div)Ee] wasta 9o, 94X Y e o HJo 3y
+ SEM ARzlwto 2= Ao JPAd At Al3Tx2E deled A vk
olo] E AFo|Mi Ny F&ol &) vzad, Aleiy 2 ATEE 58 43
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Pore volume(dvidiogD), cmsig-A

Fig.

Volume adsorbed, cmg STP
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10. Pore size distribution measured by specific surface
area analysis for activated carbon ([]: KOH ratio—200%,
H: KOH ratio-300%).
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11. Adsorption isotherms of nitrogen at 77K for activated
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Table 7. Comparison of specific surface area, total pore volume and average

pore diameter as KOH ratio

Activated carbon Sger mYg)? Vi cm?/g)? D, (A)”
KOH-100% 1,134 0.662 24.2
KOH-200% 1,418 0.935 219
KOH-300% 1,527 1.004 20.7

UBET (specific surface area); 2)Single point total pore volume; 3)average pore

diameter.
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