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CHAPTER V

RESULTS AND DISCUSSION

Porous properties of prepared

ars from waste tires

d 35 wt%, and the prepared
chars had ash c s for ,_\ that the heating rate had no

significant effe ._ ,-.‘ n, yie d the ash content in our
experiments. \

Table 5.1.1 Porgus prop . 0f cha : es carbonized at 500°C at the

' )°C/min

Vmeso Vmicro S BET

Sample
(cm’/g) (em’/g) (m%g)

C 500 0.5 ‘," ;;;;+L;i;f:, N.D. 75
A ‘y:c.—-— "

C 500 5 3 | N.D. 81

C 500 20 ¢ 3508 Q4.6 0.42 N.D. 90

1 ure 5.1.1 shows e‘]ilﬁ);ﬁtiav ti iﬁ‘ETs on chars
ﬂ}qg fl @fgﬂ j ates, where ¢ and }!" are the amount of N,

adsorbed and relative pressure, respectively. Interestingly, a slight hysteresis
was observed in the isotherms which suggests the existence of mesoporous
structure in the chars. The pore size distributions of obtained chars were shown
in Figure 5.1.2 which indicate that chars carbonized from waste tires at 500°C -

possess mainly mesopores whose pore radius are larger than 4 nm.



48

400
. ® 50005
" C500_5
= A
300 f
A €500.20 -
E‘) i
& o
£ 200 -
£
= o
< A
ﬂ.-
A
A

Figure 5.1.1 N, ads $ from waste tires carbonized at
.5,5, and 20°C/min;

bols: desorption

Figure 5.1.2 Pore size distribution of chars from waste tires carbonized at 500°C at the

heating rate of 0.5, 5, and 20°C/min
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The porous properties calculated using the isotherms in Figure 5.1.1 are
also summarized in Table 5.1.1. The Sgzr values of the obtained chars were
around 75-90 m*/g which slightly increased with the increase in the heating rate
during carbonization. The existence of mesoporous structure in the chars can
be confirmed from their V., values, which also slightly increased with

sthe Vo values in chars could not be

SAAD hod 2 adsorption isotherms.
1.2, when in won temperature, it was found
that the carborM \ ut 34%, but over 700°C it
)

increasing heating rate.

detected by applying the t

ntent in char is due to the

decrease in .\- ained, at higher carbonization
temperature.

Table 5.1.2 Porqils pubpertics o chitis from waste fires carbonized at 500, 700, and

ate of 5°C/min

ent meso Vmicro SBE /4

0 E

fein’/g)  (cm’fg) (m’g)

C_500_5 1036 N.D. 81

C 700 5 € £83.95 0.39 N.D. 185

C 8ﬂu E] ’J3w EI ﬂj “ H‘ f(]3 N.D. 174

AN IMINNA Y

adsorption-desorption isotherms and pore size distribution on
chars carbonized at different temperatures at the heating rate of 5°C/min are

shown in Figures 5.1.3 and 5.1.4, respectively.
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Figure 5.1.4 Pore size distribution of chars from waste tires carbonized at 500, 700, and

850°C at the heating rate of 5°C/min
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It was indicated that chars from waste tires carbonized at the varied
temperatures have mesoporous structure which can be observed from the
hysteresis in their isotherms. It was found in Figure 5.1.4 that chars carbonized
at 700 and 850°C possess the mesopores of which the radius are smaller than 4

nm, which can not be observed in char carbonized at 500°C.

but when the tempera e w no significant increase was
observed. It wases le increasi ;.. . yger value when the char was
. the existence of the small
neso Value of chars did not
temperatures. However, the

Viicro values in Nl -_ 4 ¢ of 500-850°C were found to be

Conclusion V

o)

- Heating te durmg carbomzatlon has "negligible effect on the

memww 7

- The! Vineso and Sger valugs of the prepared char shghtlvcrease with the

Q faatRa UN1IN8a 8

The carbonization yield decreases a little bit when the carbonization

temperature increases but over 700°C the yield seems to be constant.
- The Ve values of the prepared chars obtained at investigated

carbonization temperatures are nearly the same.



52

- In contrast to the yield, when the carbonization temperature increases, the
Sper value of the char increases but over 700°C it trends to be constant.

- The Vpicro values of the chars from vulcanized waste tires at all
investigated heating rates and carbonization temperatures are essentially

Z€ero.

AUEINENINYINS
RN TUAMINAY




5.2 Porous properties of prepared activated carbons from waste tires
As expected, in Table 5.2.1, the % burn-off during activation increased
with the increase of activation time. However, the activation rates of chars

carbonized at 500°C by using different heating rates were almost the same.

Table 5.2.1 Porous properties of activated carbons prepared at 850°C from waste tires

derived chars carbonized at the heating rate of 0.5, 5, and 20°C/min

Vmicro SBET
Sample

(em’g)  (m%/g)

AC 850 1 500_0s8 0.13 430
ac850_3 sgaf05¢ /) 677 ' 0.21 718
AC 850_4 500 0.8 “%1 LN 088 026 743
AC850_1 5§ b ¥ 0.13 435
AC 850_3 500’5 J 0.22 752
AC 850_4 500 1 0.26 737
AC 850 _1 500200 - 820 2le 012 386
AC 850 580031 022 755
AC 850 430 20 0.25 722

ANENENINEINS

ow the N, adsorptlon desorptlon isotherms on the

awrm TR B o

carbonized at the heating rate of 0.5, 5, 20°C/min. respectively. Considering

the shape of isotherm and the N, adsorption capacity, the development of
micropores and mesopores during activation could be clearly observed.

From these isotherms, the pore size distributions of obtained activated

carbons are shown in Figures 5.2.4-5.2.6.
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Figure 5.2.1 desorptiomisotherms on activated carbons prepared at 850°C

from waste tire t the heating rate of 0.5°C/min;
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Figure 5.2.2 N, adsorption-desorption isotherms on activated carbons prepared at 850°C

from waste tires derived chars carbonized at 500°C at the heating rate 5°C/min;

closed symbols: adsorption, open symbols: desorption
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Figure 52.3 N tioniSotherms on activated carbons prepared at 850°C
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Figure 5.2.4 Pore size distribution of activated carbons prepared at 850°C from waste

tires derived chars carbonized at 500°C at the heating rate of 0.5°C/min
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Figure 5.2.6 Pore size distribution of activated carbons prepared at 850°C from waste

tires derived chars carbonized at 500°C at the heating rate of 20°C/min
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It was found that both mesoporosity and microporosity are improved by
steam activation. From these pore size distributions, it was indicated that the
pore development mechanism consists of micropore creation followed by pore
widening into mesopores.

Table 5.2.1 also provides the porous properties of obtained activated

carbons calculated from abo s. The prepared activated carbons had

the Viyeso and Ve 0.26 cm3/g, respectively, and

possessed the Szzr to 750 Q found that the higher V5

value of prepared : \Q fained at higher % burn-off, while
the Viyicro and S til ak o burn-off and then tend to be
constant. It w. arbonization step does not
show obvious i O activated carbons
ﬁ .i
As shown i g t dec -1\ rate of steam activation was

observed in char ¢ zed=at perature. It was suggested that the
char prepared a eratyre has less disorganized
carbons and ‘}r':— :‘

The N, amrption-desorptlon 1sotherms on 'mtivated carbons carbonized

A 100 112000 L et

5.2.8, respectively. The shape of these 1sotherms was 31m11ar to that of

TR SETTTR HN N V) B

1cropores developments.
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Table 5.2.2  Porous properties of activated carbons prepared at 850°C from waste tires

derived chars carbonized at 500, 700, and 850°C at the heating rate of 5°C/min

Vmeso Vmicro SBET
Sample Burn-off (%)
(cm’/g)  (em’lg)  (m'/g)
AC 850 1500 5 34.3 0.32 0.13 435
AC 850 3500 5 0.82 0.22 752
AC 850 45005 % 1.09 0.26 737

AC 850 1 .16 0.14 317
AC 850 3 M 0.26 639
AC 850 4 0.23 752
AC 850 1 880 3 0.13 469
AC 850 3 830 0.24 743
AC 850 4 850'5 0.23 781

TP)/g]

ﬁyquaﬂﬁwqwri.
AR AT ARiamTENAY

eeequqgg%%.

0 0.2 0.4 0.6 0.8 1
PP’ []

Figure 5.2.7 N, adsorption-desorption isotherms on activated carbons prepared at 850°C
from waste tires derived chars carbonized at 700°C at the heating rate of 5°C/min;

closed symbols: adsorption, open symbols: desorption
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Figures 5.2.9-5.2.] e distributions of activated carbons
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obtained from € fars Cz 17850° O,’F: 0 not have the large size of

(L
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Figure 5.2.10 Pore size distribution of activated carbons prepared at 850°C from waste

tires derived chars carbonized at 850°C at the heating rate of 5°C/min
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The porous properties of activated carbons obtained at 850°C from chars
carbonized at varied temperatures are summarized in Table 5.2.2. Similarly, it
was clear that the Vs, value of activated carbons prepared from chars
carbonized at different temperature increased with increasing % burn-off. In

addition, the Vi, and Sper values of activated carbons derived from chars

obtained at 700 and 850°C had fi trend as those from char carbonized at
500°C. Also, it seen »:w__~_:~ 1 W , and Szer values did not show
obvious differene i a@ons prepared from chars
carbonized at v 7 mperatures by comparing them at the

The % b \ - ied activation times are given in Table
har increases strongly with
increasing activati

Respectively, Present the N adsorption-desorption
isotherms on-acti 1°950°C. Even though a
slight hyster tamed at 750°C, the N,
adsorption capﬁties were essentially smaller thaﬂhose of activated carbons

o R PYTS PETYromert ncor

activatiofiat 950°C, the mes%pores and mlcropores develog}ents were also

RTESRBIN 1NN Y

By applying the Dollimore-Heal method to these isotherms, the pore size

distributions of prepared activated carbons are shown in Figures 5.2.13-5.2.14.



62

Table 5.2.3 Porous properties of activated carbons prepared at 750, 850, and 950°C from

waste tires derived chars carbonized at 500°C at the heating rate of 5°C/min

Vmeso Vmicro S BET
Sample Burn-off (%)
(cm’/g)  (em’/g)  (m%/g)
AC 750 4500 5 18.5 0.27 0.01 146

AC 750_6 500_5 0.12 0.06 268

AC 750_8 500_5 0.08 262
AC 850 15005 3 . 0.13 435
AC 850 3 V A 0.22 752
AC 850 4 5 ~ 0.26 737

AC950.0.179008 1] AL 03 0.17 490

AC 950_0.25 500 0.22 642

AC 950_0.50 500 3 0.24 705

TP)/g]
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Figure 5.2.11 N, adsorption-desorption isotherms on activated carbons prepared at
750°C from waste tires derived chars carbonized at 500°C at the heating rate of 5°C/min;

closed symbols: adsorption, open symbols: desorption
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Figure 5.2.13 Pore size distribution of activated carbons prepared at 750°C from waste

tires derived chars carbonized at 500°C at the heating rate of 5°C/min



64

1 —®— AC 950 0.17 500_5

—®= AC 950_0.25 500_5

3

dVp/dlog(Rp) [cm /g]
[\

- -k - AC950_0.50 500_5

—

24

prepared at 950°C from waste

tires deri zed’a C at the heating rate of 5°C/min

It was observe Figu s 24 the carbons prepared at 750°C have

slight mesopore di onded to the pore development in

which at lo {,‘— --------- t the meso o sen developed yet. On the

ed at 95@ showed similar mesopore
size distribution 4s4hose acti t was noted that the
oL AT |1 —

GTC‘WW éNﬂ‘iELl URIINYIAY

heir porous properties were calculated from these isotherms and shown

‘other hand, the activated carbons obtz

in Table 5.2.3. Since the activation rate at 750°C was too slow to achieve over
25% burn-off, the porous properties of obtained activated carbons were very
low compared with those of activated carbons prepared at higher temperature.
It was suggested that the activation at 750°C is not suitable to produce activated

carbon. The V., value of activated carbons obtained at 950°C was lower than
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that of activated carbons prepared at 850°C. On the other hand, the activation

at 950°C provided both the V,cr, and Sper values in the same order as at 850°C.

Conclusion for Section 5.2

Heating rate during carbonization does not significantly influence the

- Pore devel S\ cons “micropore formation followed
the  carbonization temperature

e a clear systematic effect on the

porous properties of'the-activat bon.

ff,’é‘l’ .a',u

- Activation ra io"temperature.

. Becaus of ' 750°C is not suitable for

preparingme activated carbon.

- Aﬂ wﬁqmﬂﬂ?W H’q\ﬁﬁ/meso values than but

ne4tl y the same K an9 Sger values as those prepared at 950°C.

ARIANN I UAIINYAY
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3.3 Porous properties of acid-treated chars
After carbonization, typical chars obtained were acid-treated with HCI,
and the N, adsorption-desorption isotherms of the HCl-treated chars carbonized
at 500°C at the varied heating rates are shown in Figure 5.3.1. It was indicated

that the shape of isotherms and N, adsorption capacity of HCl-treated chars are

-ED r ; ,.‘ n
3 == ;
J [e]
2 NG 8
H o g!
=2 D 7 D’.
O
: A
- o
Vo, /.
Figure 5.3.1 Nﬂdsorption-desorption isotherms on H@-treated chars from waste tires
¢
ﬂ ﬁr ii Bm&f i rﬁqj ? 20°C/min;
q’l ‘ osed s : adsorption, open symbols: desorption

\ § NIUNAINIAE
qqﬂ;]xréaS&Z przgznts the pore size distributions calculated from the
isotherms of HCl-treated chars in Figure 5.3.1. It was observed that the pore

size distribution of the chars after HCI treatment is almost the same as that of

non-treated char.
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Figure 5.3.2 Pog ars from waste tires carbonized at

ind 20°C/min

In Table 5.3.1 o the acid treatment, some of

inorganic compounds i -;f:ﬁ":»f clir as a result, the ash content of HCI-

treated char$ Weie-aious -"‘"—“""“'—-“"‘ 5 s the porous properties

of the HCl-treaEi cha

Table 5.3.1 Porouﬂ)memes of HCl-treated chars from waste tires carbonized at 500°C

ﬂﬂﬂ?%@&lﬂ?ﬂ%ﬂﬂn‘i

at va j;. d heating rates.

Carbonization Ash conten Vimeso  @Vmicro  SBET
q W"Tﬁ \3 ﬂ::ﬁ w 3»] VI (’))’J w ﬂaﬁ ﬂ/g) (m?/g)
HCl C 500 0.5 35.07 6.2 0.32 N.D. 82
HCI C 500_5 35.10 6.5 0.34 N.D. 80

HCI C 500_20 35.08 6.2 0.31 N.D. 85
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Comparing Table 5.1.1 and Table 5.3.1, the Vs, and Szer values of HCI-
treated chars were essentially the same as those of non-treated chars. However,
after the acid treatment by HCI, the Ve, value still could not be characterized
by N> adsorption.

In the case of chars obtained at different carbonization temperatures, after

capacity of HCI- d*chars ca omw temperatures are almost the
same as those (M r§.

2 2
Iﬂsigbo goe'°°.mp.
ﬂﬂﬂ?%ﬂﬂiﬂﬂ’lﬂ‘i

p/P’ []

IV e

carbonized at 500, 700, and 850°C at the heating rate of 5°C/min;

closed symbols: adsorption, open symbols: desorption

Figure 5.3.4 shows the pore size distribution of chars after the HCI
treatment carbonized at varied temperatures. It was found that HCl-treated

char obtained at 500°C shows more large mesopores but less small mesopores
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than that carbonized at 700 and 850°C as also can be found in case of non-

treated chars.

—®— HCIC 500_5
—&— HCIC 700_5

' —&— HCI C 850

3

dVp/dlog(Rp) [cm /g]

24

Figure 5.3.4 Pore size distrib of H I g ars from waste tires carbonized at

ating rate of 5°C/min

o

AT oot
=
i

By the - L:" ated chars carbonized at

varied temperaﬂes were [¢

, y .
o. Tlable §.3.2 summarizes the porous

properti Uﬁﬁ Wgﬁf ﬂﬁd']‘arﬁnfﬁon temperatures.
Tableﬂ Por properties’of HCl-treated ¢ ro te'tires carbonized at 500,

] Ve
’ meso micro SBE T

9 Sample

yield (%) (%) (em’g) (cm’/g) (m%/g)
HCIC 500 5 35.10 6.5 0.34 N.D. 80
HCIC 700 5 33.95 6.9 0.34 N.D. 208

HCI C 850 5 33.56 6.7 0.37 N.D. 182
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Both the Vyes, and Sger values of HCl-treated chars presented in Table
5.3.2 did not significantly differ from those of non-treated chars shown in
Table 5.1.2, while the Ve, value could not be calculated by using the t-plot

method as the chars before the acid treatment.

Conclusion for Section 5.

pared char are removed in HCI

ire nearly the same.
- The Vyier He€i-tretited chars are essentially zero.

fect the Sger value of HCI-

- Raising the carbo ire increases the Sgzr value of HCI-

treated char: eenls to be constant.

Y

r

AU INENINYINS
RININIUNRINYIAY
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5.4 Porous properties of activated carbons from acid-treated chars
The higher % burn-off could be achieved at longer activation time as
shown in Table 5.4.1. However, the HCI treatment did not significantly

influence on the activation rate by comparing Table 5.4.1 with Table 5.2.1.

Table 5.4.1 Porous properties of activated carbons prepared at 850°C from HCl-treated

chars from waste tires carboni °C at the heating rate of 0.5, 5, and 20°C/min

Vmeso Vmicro S BET
Sample

lg)  (em’lg)  (m%g)

AC HCI 850_1 5004078 0.22 609
AC HCI 850_3 500 0.48 1045
AC HCI 850 4,800 40. “Fo .2 0.56 1116
ACHCI850_LS0als |~ 33 W\ O 022 664
AC HCI1850_3 500 i“*ﬂ;g ‘ 0.51 1107
AC HCI 850 4 500 54554 77 1.62 0.57 1119
AC HCI 850_1 50020~ ; 0.20 585
AC HCI 850450020 68 054 1177

1.@ 0.54 1166

AUET wmmm

Acqyate carbons obtained fro reated chars carbomzed at different

AT IOT I NS -

p fesented in Figures 5.4.1-5.4.3. Interestingly, activated carbons prepared with

AC HCI 850 Esoo_zo

the HCI treatment prior to steam activation of chars carbonized at different
heating rates showed obviously higher N, adsorption capacity when compared
with those obtained through the conventional activation method as shown in

Figures 5.2.1-5.2.3.
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Figure 5.4.1 N, orptiondsotherms on activated carbons prepared at 850°C
from HCl-treat ' waiste tires c: zed at 500°C at the heating rate of
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Figure 5.4.2 N, adsorption-desorption isotherms on activated carbons prepared at 850°C

from HCl-treated chars from waste tires carbonized at 500°C at the heating rate

5°C/min; closed symbols: adsorption, open symbols: desorption
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Figure 5.4.4 Pore size distribution of activated carbons prepared at 850°C from HCl-

treated chars from waste tires carbonized at 500°C at the heating rate of 0.5°C/min
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Figure 5.4.5 P s prepared at 850°C from HCI-

treated chars the heating rate of 5°C/min
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Figure 5.4.6 Pore size distribution of activated carbons prepared at 850°C from HCI-

treated chars from waste tires carbonized at 500°C at the heating rate of 20°C/min
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Then the pore size distributions calculated from the isotherms in Figures
5.4.1-5.4.3 on activated carbons prepared from HCl-treated chars are given in
Figures 5.4.4-5.4.6, respectively. It was suggested that activated carbons
prepared with the HCI treatment prior to steam activation show the peak of
pore size distribution at the radius around 2 nm. However, they also have the

ius,> 4 nm, which is similar to the activated

&n method.
.‘
4 Qns prepared with the HCI

--"1‘«;‘3" erimined and also given in Table

\'* the HCl-treated chars
\\\ d 0.57 cm3/g, respectively,

large size of mesopores, pore

carbons obtained by

and the Sper va t C that the HC] treatment prior to
steam activation i ot oy ‘l. sity but also microporosity. In
addition, the heati & carboni step did not show any significant

effect on both,the md V.. valt velbas the Szcr one.

)
- ‘ Active Sites for
Mesopore Formation

Non-treated Char HCl-treated Char

Figure 5.4.7 Model of char structure
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It was suggested that according to the model of char structure shown in
Figure 5.4.7 the inorganic compounds are removed from the chars during the
acid treatment, thus creating the active sites for mesopore formation.

As shown in Table 5.4.2, the activation rate of HCl-treated char prepared

at higher carbonization temperature slightly decreased when compared with the

Table 5.4.2 Poro crtics & ted ‘carbons prepared at 850°C from HCl-treated

chars from wasg esfcarbonized at 500 850"C at the heating rate of 5°C/min

Vmicro S BET
Sample

(em’g)  (m%g)

ACHCI1850 1500 5 “ -JE 3.1 ' 0.22 664

AC HCI 850_3 5007 554 684 0.51 1107
AC HCI 850 4 500.5 = ""“' 3 0.57 1119
AC g«.———**— : ' | 0.14 425
AC HCI ssoﬁ 700 5 62 . 0.41 1041

' . 0.34 732

0. 09 314

ARITIRi NGy
9AC HC1 850 4 850 5 66.9 1.07 0.38 1125

Figures 5.4.8-5.4.9 show the N, adsorption-desorption isotherms on
activated carbons from HCl-treated chars carbonized at 700 and 850°C,
respectively. Comparing with Figures 5.2.7-5.2.8, it was found that the HCl

treatment can enhance the N, adsorption capacity of activated carbons at



17

investigated carbonization temperatures. The pore size distributions of these
activated carbons are provided in Figures 5.4.10-5.4.11. It was observed that,
in the case of activated carbons from char carbonized at 500°C, the HCI
treatment prior to steam activation developes mainly the small size of
mesopores. On the contrary, during steam activation the activated carbons

from the HCl-treated chars carbemized at 700 and 850°C were developed in the

-9 '

) %
i) QH

E "IV
= AAA‘

[ )

¢

"*:::;eg.u:zi::fimmimm:z S
LRGN ip1p e (100
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Figure 5.4.9 N, ( jon her n ac ted carbons prepared at 850°C
from HCl-trea vaste. bonized at 850°C at the heating rate of

symbols: desorption

Rp [nm]

Figure 5.4.10 Pore size distribution of activated carbons prepared at 850°C from HCI-

treated chars from waste tires carbonized at 700°C at the heating rate of 5°C/min
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3
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2

dVp/dlog(Rp) [em /g]
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Figure 5.4.11 Pgfe si ition offactivated carbons,prepared at 850°C from HCI-

treated chars 850°C at the heating rate of 5°C/min

Table 5.4.2 alsh' syjamarizes. ous properties of activated carbons

derived from HCI- ,w_“"{ & w ared  at different carbonization

temperature$. »-Fhe—+ps-vatues-of-car —: from HCl-treated chars

1%

carbonized at EO and &

prepared withoutfthe,treatment, while/the V.., values increased by the HCl

~
treatmq Mﬂgeexl ﬂvnrj Mr, tI:'S r values of obtained

L

R S e

temperatures due to the increasing of microporosity.

sher th@ those of activated carbons

Comparing the achieved % burn-off during activation in Table 5.4.3 and
5.2.3, the rates of activation at varied temperatures of HCl-treated char and

non-treated char were almost the same.
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Table 5.4.3 Porous properties of activated carbons prepared at 750, 850, 950°C from

HCl-treated chars from waste tires carbonized at 500°C at the heating rate of 5°C/min

Vmesa Vmicro SBET
Sample Burn-off (%)
(em’g) (em’/g)  (m¥g)
ACHCI750_4 500 5 14.9 0.31 0.09 3101
ACHCI 750_6 500 5 0.23 0.16 419
AC HCI 750_8 500 0.26 0.15 392

ACHCI 850_1 0.22 664
AC HCI 850" 0.51 1107
AC HCI 850 0.57 1119
AC HCI 950 0 0.26 659
AC HC1 950_0.2 o 0.35 827
AC HCI1950_0.50850 s’ﬁgj' 2.0 12 0.62 1307
2z 2
The N, adsorption: ;_-_."»ﬁc_-:,x;,e;, 5.0n activated carbons from HCI-
treated char ’f@r Figures 5.4.12-5.4.13,

5 ad@ption capacities of carbons

respectively. Fre 5.4. owed that the
activated at 750°C were obviously 1o\ 1 compared with those of carbons
activat&@t“(ﬁl %ﬂﬂxﬂiﬁhﬂﬁﬁjﬁ carbons prepared
ONLRARE P N LN R

S#.13 showed larger N, adsorption capacity than those presented in Figure

5.2.12, which were prepared by conventional activation method.
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Figure 5.4.13 N, adsorption-desorption isotherms on activated carbons prepared at
950°C from HCl treated chars from waste tires carbonized at 500°C at the heating rate of

5°C/min; closed symbols: adsorption, open symbols: desorption
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Figure 5.4.14 B prepared at 750°C from HCI

treated chars 500°C at the heating rate of 5°C/min

ARYINYNINYINT
SRRBRTG o SR oS il

Figure 5.4.15 Pore size distribution of activated carbons prepared at 950°C from HCI

treated chars from waste tires carbonized at 500°C at the heating rate of 5°C/min
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Figures 5.4.14-5.4.15 present the pore size distributions calculated from
these isotherms. In Figure 5.4.14, it was found that the mesoporosity has not
been developed in obtained activated carbons because of very low % burn-off
achieved. Although activated carbons presented in Figure 5.4.15 showed well

development in mesoporosity, they possessed lower amount of large mesopores

Wﬂ properties of activated carbons
. . J .
prepared at the i emp ratwl-treated char carbonized at
500°C at the heati ) ‘.\\“ﬁ{‘- e Woieso, Vmicro, and Sper values of
activated carb: ; - \\\ at 850 and 950°C were

obviously gre { C > of=activate arbons prepared without acid

than those activated at 850°C.

as for activation at 750°C,

the HCI treatme d Tanty s rops , while any improvement in

+
2

mesoporosity could not be-observed i pared activated carbons.

For comparisefi, the acid freatn eajm activation by HNO; was

-

b ’! "HNOjs-treated char was

also investi -;?f

10§
e

about 5.7% whm\ is a little bit less than that of HCmtreated one. Moreover, the

char tﬁﬁﬁ—ﬁ)%ﬂ{%ﬁm ﬂs?m activation when

comparéd with the HCl-treated char.

ARIAATUUMINYAE




84

Table 5.4.4 Porous properties of HNOs-treated char and activated carbons prepared at

850°C from waste tires carbonized at 500°C at the heating rate of 5°C/min

Ash
Carbonization Vieso  Vmicro  SBET
Sample Content
Yield (%) (cm’/g) (cm®/g) (m’/g)
(%)

HNO; C 500 5

5 0.28 n/a 66

Vmeso Vmicro S BET
Sample

(em’/g) (em’/g) (m/g)

AC HNO; 850~ 0.57 0.13 386

AC HNO:; 850 0.67 0.42 1025

AC HNO; 850 079 046 1003

L 10: - ; \
Respectlvely, ig @5‘%‘1}5; and 5.4.17 are the N, adsorption-desorption
isotherms and the ,. ‘d,l 1, f HNOs-treated char and the

activated carbons obtained fror | this/ d.char. It was observed that the

-
HNO;-treated & acity as the non-treated and

HCl-treated ones. It the @Oytreated char possesses

f}yuﬁ"m T TS o
LRGN LR L

through conventional activation method but mostly the same as those prepared

with HCI treatment. However, over 50% burn-off, the HNO; treatment prior to

steam activation did not show the improvement in mesoporosity as well as the

HC! one.
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Figure 5.4.16 I g iku\‘ D;-treated char and activated
carbons prepare \\v onized at 500°C at the heating rate of
: - { D n\ symbols: desorption

j
HNO3 850_4 500 5

oy

NENINEINS

Rp [nm]

Figure 5.4.17 Pore size distribution of HNO;-treated char and activated carbons

prepared at 850°C from waste tires carbonized at 500°C at the heating rate of 5°C/min
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Table 5.4.4 also shows the porous properties of activated carbons obtained
from HNO;-treated char. Both the V., and Spzr values were enhanced by
HNOs treatment prior to activation by steam. Interestingly, it was indicated
that the HNOj; treatment improves the V., value at the burn-off lower than

50%, but over this value no further development is observed.

Therefore, it was sug W
to steam activation
carbons.

\

kind of acid used for treatment prior

roperties of prepared activated

Table 5.4.5 Com of activated carbons achieved in

/ E ~. _ i iterature

Vmes 4

Vmicro S, BET

Raw Mg
~ (em%g) (em’/g) (mg)

Waste tires : Convelitiofial stéam activa ln o 109 026 737
A e v

Waste tires : HCI treafmefit pior to s 162 057 1119
activation
Plum stones ; “115 018 1000

Pitch : Iron cata treactlo m 1.07 0.08 410
Coconut shell : a‘é Ejjm 3:! ‘ fJ:s? 055 2200
Refuse tr atm\il 46 0.11 530

ARTRIS UNINYIA Y

PET waste : Pre-treatment by metal compound 0.90 0.81 2200

For comparison, the maximum V.5, Vmicro» and Sger values of activated
carbons obtained from vulcanized waste tires without and with HCI treatment
prior to steam activation and those of activated carbons from various raw

materials and methods in the literature are summarized in Table 54.5. It is
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obvious that the HCl-treated activated carbon obtained in the present study has

higher mesoporosity than and with some exceptions higher microporosity than

other reported activated carbons.

Conclusion for Section 5.4

Activation rates of HCltreated chars are not different from those of non-

chars carbonized at 500°C and
ance the V.5, values of the
ivation temperatures.

bons are always improved by

tvation rate than HCl-treated char at

the sameinve

- Porous pudperties of aci tbons depend on the kind of
.:I . rl'

acid. - 0

AULINENTNEINS
RIANTIUNNINYIAE
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5.5 Porous properties of chars and activated carbons prepared with pre-
treatment method
5.5.1 Pre-treatment by Ca[OH],
From Table 5.5.1, the carbonization yield of the mixture of waste

tires and 5%wt of Ca[OH], was approximately 38.1% which is higher

char does aef ob¥ie / - di \\\m prepared with and without
HCI treafMept'siown in Te 5.4.Tand'5:2.1, respectively.

Table 5.5.1 Porous$ prope of ¢ha oo chz d activated carbons prepared

Vmeso Vmicro S BET
Sample (s e ) ontent

(em’/g) (em’/g) (m%g)

(%)

—15-3" 032 N.D. 80

C Ca 308-5
v
HCIC Ca SE_S 5.6 .m 0.32 N.D. 75

V, SO Vmicro S BET

@;%ﬁ’j Vl H%‘%’WHH ﬂc /g) (cm’/g) (m’/g)
TRUNAIMTRe,

3500 5 094  0.53 1178

AC Ca 850 4500 5 81.2 1.25 0.48 1103
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ns on char, HCl-treated char,
pre-treatment by Ca|OH|,;

ymbols: desorption

Figure 5.5.1.2 Pore size distribution of char, HCI-treated char, and activated

carbons prepared with pre-treatment by Ca|OH|,
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Figure 5.5.1.1 shows the N adsorption-desorption isotherms on
char and activated carbons prepared with pre-treatment by Ca[OH],. It
was found that the N, adsorption capacities of activated carbons
obtained are apparently higher than those of activated carbons prepared
by the conventional activation method as shown in Figure 5.2.2. From

these isotherms, their ealculated pore size distributions are shown in

and activated carbons are

also sumimagized i ! -;: 5 A & Veso@and Sper values of both char
% .

and HCI-treate on oh the catment by Ca[OH], were

PUETBANN
almost theé'same as ¢ of ghars ‘\l‘ med without the pre-treatment.

; 4 '- - L
However, the *—F-:b o chars also could not be detected by

LTI __‘.

—

the tsplo d.” Tk i the~V,icro values was clearly

observe 3 arec ‘ vith the pre-treatment by

OIE while the V.5 values were m‘ular to those of activated

fthe greater Sper values were obtamed because of the larger Viicro

QW’m\iﬂ‘iﬂJ UAIINYA Y
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5.5.2 Pre-treatment by ZnO
The obtained yield through carbonization of waste tires mixed
with 5%wt of ZnO was around 38.4%. The ash content of prepared
char was around 29.1%, but after the HCI treatment it decreased to

5.7%. Furthermore, the achieved % burn-off at varied activation times

was mostly the same 2 V f char carbonized without pre-treatment
and HCl-treated one. \ &

Table 5.5.2 Porous properties of ‘ , and activated carbons prepared

4 Vmeso thcro SBE I
(Con

\’\ \(em’lg) (emlg) (m%fg)

0.19 N.D. 77

Samplé

C Zn 500 5

HCIC Zn 500 5 0.18 N.D. 80

) Vineso Vimicro  SBET
Sampleé

V——: : ;m3/g) (em’/g) (m%/g)

AC Zn 850_1 500_5 |l 031 020 514

AC Zn 850 3 500" 5 1.06  0.52 1089

AC zl%(:u&q Vl Elngw EJ‘ ﬂlj 0.59 1148
qmmmmumw TRER

he N; adsorption-desorption isotherms on char obtained from the

mixture of waste tires and ZnO, HCl-treated char, and activated
carbons from this treated char are given in Figure 5.5.2.1. The pre-
treatment by ZnO enhanced the N, adsorption capacities of prepared
activated carbons when compared with the conventional activation

method.
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Figure 5.5.2.2 Pore size distribution of char, HCI-treated char, and activated

carbons prepared with pre-treatment by ZnO
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Figure 5.5.2.2 presents the pore size distribution of prepared
carbons calculated from the isotherm in Figure 5.5.2.1. Using the pre-
treatment by ZnO, great development in mesoporosity was observed in
obtained activated carbons.

The porous properties of obtained char, HCl-treated one, and

activated carbons are alse yjshown in Table 5.5.2. Interestingly, the

\\ other hand, chars obtained

il the same order as the chars
o values are found to be
zero. Alg ] aesos Vmicro, @0d Spepivalues of activated carbons
were obviously larger than
those of activated!éarbons ob ough the conventional activation
of 2

ivated carbons prepared

=
% !FJ

J

ﬂUEJ’J‘VIEJV]’a'WEJ’ﬂi
a‘mmmm UA1INYA
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5.5.3 Pre-treatment by Fe,0;
As shown in Table 5.5.3, the yield for carbonization of the
mixture of waste tires and 5%wt of Fe,O3 was similar to those obtained
when using the pre-treatment of Ca[OH], and ZnO. The ash contents

in char before and after the HCI treatment were 28.9 and 6.3%,

,ri-treatment by Fe;O; did not affect the

r, and activated carbons prepared

77/ \\'\\i\ —
7, h\

respectively.  Also,

activation rat

Table 5.5.3 Porou

Vmeso thcro S BET

, &\\ (cm’/g) (cm’/g) (m%/g)

C Fe 500 5 AHARRENW \0g® 025 ND. 140
..M.c’l e
HCI CFe 500_SfF 22288 %3 046 ND. 171

—- V'fif‘ . Vmeso Vmicro S BET
Sample i
(G =7 [em’g) (em’lg) (mfg)

ACFe 850 1500

023 017 454

AC Fe 850 3 50045, 092 06 1170

ACﬂuﬂquﬂﬂQWHnni 0.4 1102
ammmmumw m&ﬁl

Figure 5.5.3.1 shows the N, adsorption-desorption isotherms on

char obtained by carbonization of the mixture of waste tires and Fe,0s,
HCl-treated one, and activated carbons from the treated char. It was
found that the pre-treatment by Fe,Os also increased the N, adsorption
capacities of prepared activated carbons when compared with the

conventional steam activation.
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Figure 5.5.3.2 Pore size distribution of char, HCI-treated char, and activated

carbons prepared with pre-treatment by Fe,0;
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The pore size distributions of carbons calculated from above
isotherms are given in Figure 5.5.3.2. Using the pre-treatment by
Fe,O3, the obvious development in mesoporosity was obtained in
prepared activated carbons.

Table 5.5.3 also provides the porous properties of prepared

alues of char increased. It was

d only the Vo values in

prepared edrbons /meso Values were almost the
SN aindonss o 2 : 1 .
same as those 6f activatec bons obtained via the conventional
acti '0 =
\ % A J

o] '"'
il ‘ I

AULINENTNEINS
RN TUAMINYAE
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5.5.4 Pre-treatment by KNO;
The carbonization yield of the mixture of waste tires and 5%wt of
KNO; was approximately 36.2 % as shown in Table 5.5.4, which is
lower than the chars prepared by other metals. It was suggested that
the KNO; compound is decomposed during carbonization. The ash

content of obtained \cha cased from 26.4 to 5.4% by the HCI

ted by KNO3 showed the rate of

Vmeso Vmicm S BET
Sample ‘
' (em’/g) (em’/g) (m%/g)

CK 500 5 0.16 N.D. 116

HCI C K 500_Saquii==£36,2 149 4 032 ND. 187

e— =

V 7 ‘ Vineso Vmicro  SBET

Sample
| lﬂ (em’/g) (em’/g) (m*/g)

Mg Imengneng T
qmwmmumwm’aaﬂ 136

Figure 5.5.4.1 presents the N, adsorption-desorption isotherms on

char obtained by carbonization of the mixture of waste tires and KNOs,
HCl-treated one, and activated carbons from the treated char.
Similarly, obtained activated carbons had higher N, adsorption

capacities than those prepared by the conventional activation process.
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Figure 5.5.4.2 Pore size distribution of char, HCI-treated char, and activated

carbons prepared with pre-treatment by KNO;
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The pore size distributions of carbons calculated by applying the
Dollimore-Heal method are given in Figure 5.5.4.2. It was also clear
that pre-treatment by KNO3 can enhance the mesoporosity. However,
it was noted that obtained activated carbons possess large size of

mesopores less than those prepared by other pre-treatments.

As a result, the o properties of prepared carbons are

acid treatment by HCI the Vs,
..‘

and Sger value i ased ce the potassium metal blocked

. v‘ "'*;\"- & Wnicro values of chars were

- “
. F iy
Conclusion for Se

@:ntlally the same activation

“ﬁﬂiﬁﬁ“ﬂﬂﬂ‘iw 81173

- PreXfreatment by ZnO xnelds the same level of 1mpuement in both

A Rl g Bedtii A VAR B 0 e

activation.

- Chars treateéd by all metal cor;lpounds show es

- The pre-treatment by Ca[OH],. Fe;O;, and KNOj; can enhance only
microporosity.
- The development of mesoporosity by pre-treatment method depends on

the kind of metal compound.
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5.6  Porous properties of chars and activated carbons prepared from

decrosslinked waste tires
5.6.1 Conventional steam activation
When the decrosslinked waste ties were carbonized at 500°C at
the heating rate of 5°C/min, as shown in Table 5.6.1, the obtained

oroximately 31.8%, which is lower than that

e ash co repared char was around 13.8%,
ittle Bit-less than @ from waste tires. From this

carbonization yield was,z

of waste tires.
which is 3
char, the rate sllghtly higher than that of

char prepatred £

Table 5.6.1 Porousiproperiies ‘ T‘ at the heating rate of 5°C/min
from decrosslinked \\\- m this char prepared at 850°C

meso Vmicro S BET

Sample | —= ' tent
JoiGe s v oy (em’/g) (em’/g) (m%g)

,!!;;“ﬂ‘" .0.16 N.D. 80

Vmesa Vmicro S BET

(em%/g) (em®/g) (m%/g)
q

ARSI INYIRE

Figure 5.6.1.1 presents the N, adsorption-desorption isotherms on

char and activated carbons prepared from decrosslinked waste tires. A
slight hysteresis in isotherms was found which indicates the

mesoporous structure in prepared carbons. It was also observed that
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the N, adsorption capacities of activated carbons obtained from
decrosslinked waste tires are smaller than those of activated carbons

prepared from waste tires.

1200

¢ CDE 500 5

1000

STP)/g|

>

0.8 1

Figure 5.6.1.1 "I\ ption isotherms on char and activated
osslinked waste tires;

C'-—*‘!"""‘“'"'""""m-‘ s: desorption

\ y_— o A

7 ]

Fromy the isotherms givag, in Figure 5.6.1.1, the calculated pore
ﬂzuﬂ@m%im:im %J;r]\nd n Figure 5.6.1.2. It

. \qzvlas indicated that activated carbons‘dbtained from déerosslinked waste
qq W‘;Lacgefs]ﬁj 1;!J sy n’el;aeﬁ jté:ﬂepared from

waste tires.

The porous properties of prepared carbons from decrosslinked
waste tires using carbonization followed by steam activation are also
shown in Table 5.6.1. It was observed that the char obtained from

decrosslinked waste tires shows the V., value smaller than that
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carbonized from waste tires, while the Spzr value is mostly the same.
However, the Vi, value could not be detected through the t-plot
calculation. It was found that the Vs, values of activated carbons
from decrosslinked waste tires are smaller than those of carbons
prepared from waste tires. On the other hand, both the V., and SgeT
those in activated carbons obtained from

0 stribution of activated carbons
J

Iso suggested that the pore

values are mainly the sa

waste tires.
obtained

| from decrosslinked waste tires

lism: micropore creation

8501

DE 850 3 500_5

QW?ﬂ\ﬂﬂ‘im NSWI’JV Taht

Rp [nm]

Figure 5.6.1.2 Pore size distribution of char and activated carbons prepared

from decrosslinked waste tires
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5.6.2  Process with HCI treatment prior to steam activation
After the acid treatment by HCl, the ash content in the treated char
was about 5.0%. The activation rate of HCl-treated char was lower
than that of non-treated char which is due to the lower inorganic

content in the treated char.

Table 5.6.2 Porous properties of H char carbonized at 500°C at the heating

ciivated carbons from this char

S ———

rate of 5°C/min from decro

neso Vmicro S BET
Sample

HClCDESOH_ #3) . ‘\\\\ 0.15 ND. 76

Vmeso lecro S BET

Sample
(em’/g) (em®/g) (m?/g)

AC HCI DE 850_1 500_5_+-" por 041 020 556

AC HCI DE 858200 Ewl 0.44 1036

.ml.OS 0.58 1166
‘a u/
Phld YLEL A NELLT),
h Eﬂligp 0 Ili 180 s on the*HCl-treated char
qﬁﬁ“ S ATy e
ﬁlthoui[ t adsorption capacity ogCl treated char was

mostly the same as non-treated one, the activated carbons prepared

AC HCI DE 850_%00_ -

from the former showed greatly higher N, adsorption capacities than

those obtained from the latter presented in Figure 5.6.1.1.
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Figure 5.6.2.2 Pore size distribution of HCl-treated char and activated carbons

prepared from decrosslinked waste tires
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Figure 5.6.2.2 shows the pore size distributions of the carbons
prepared with the HCI treatment prior to steam activation. It was clear
that the obvious improvement throughout the range of mesopore size is
observed in the activated carbons derived from HCl-treated char.

The porous properties of carbons calculated from above isotherms

are also summarized in Table
HCl-treated char were | nost Same_as those of non-treated one.
e Ny adsorption isotherm,
the Viyicro valuegs®f HCI rea 7 ar could, not be obtained. It was
obvious th_ > Wgho 8 e -‘. ell as the Sper value of

activated cz g'ay anceds by the HCl treatment prior to steam

I 4 - ’-:A -

ST
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5.6.3 Pre-treatment by ZnO
By carbonizing the mixture of decrosslinked waste tires with the
5% wt of ZnO, the obtained yield was around 36.2% as shown in Table
5.6.3. The ash contents in both before and after treated chars were
approxirﬁately 25.2 and 5.6%, respectively. It was suggested that the

rate of steam activatio e ftrgated char obtained is lower than the

non-treated one HCl-treated one because of

from decrosSlinl€d saste tires with { itment by ZnO

meso Vmicro S, BET

N
L ey i) (g

.'* Y y

id (%
ol X
7 N\

CZn DE 500 5 .-'.2_5* : ' 0.13 N.D. 64

Sample

e 5 e R
e

HCIC ZnDE 500 5 - ~=~363 45956 011 ND. 66
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-
M‘V : HA iso Vemicro  SBET
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Figure 5.6.3.1 presents the N, adsorption-desorption isotherms on

chars and activated carbons prepared from decrosslinked waste tires
with the pre-treatment by ZnO. It was suggested that the activated
carbons prepared from the treated char show apparently higher N,

adsorption capacities than those obtained through conventional



107

activation process and mostly the same capacities as those prepared

with the HCl treatment prior to steam activation.

1200
' ® CZnDES500_5
1000 & Heic znDE 500_5

® AC Zn DE 850_1500_5

800

q [em’ (STP)/g]

Figure 5.6.3.1 on char, HClI-treated char,

and activated ca ked waste tires with the pre-

treatment by ZnO; #_,"‘_’5:,,_, -.- ion, open symbols: desorption
,, —<4
The pﬂe size arbons’ determined from the

isotherms sho in Figure 5.6.3. e given in Figure 5.6.3.2. It was

cleﬂhurmréﬁl&l mm ol beoporosiy when
compared with the convenfional activati
RN A TATEAY.. .

activated carbons obtained through the pre-treatment method by ZnO.
The Veso and Sper values of chars carbonized from the mixture of
decrosslinked waste tires with ZnO before and after the HCI treatment
were in the same order as those of non-treated and HCl-treated ones.

Nevertheless, the V., value of these chars also could not be
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calculated via the t-plot method. It was indicated that the pre-treatment
by ZnO improves both mesoporosity and microporosity in obtained
activated carbons. Furthermore, the activaed carbons obtained from
the treated char by ZnO had the Vs, Vimicro, and Sper values in the
same level as the activated carbons derived from HCl-treated char.

However, the acitvated catbous jprepared from vulcanized waste tires

from decrossi Q be considered that the
former is M bé used as ¢ \ ial of activated carbon.

a

/pldlog(Rp) [em /g]

4

i)

tsi‘

:' LT

ﬂuﬁ amwmm 24

QTGS AR o

carbons prepared from decrosslinked waste tires with the pre-treatment by ZnO

Conclusion for Section 5.6
- Under the same condition, activation rate of char from decrosslinked

waste tires is higher than that from vulcanized waste tires.
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Activated carbons from decrosslinked waste tires have lower ¥, values
than but essentially the same V., and Sper values as those from
vulcanized waste tires.

HCl-treated and ZnO-treated chars from decrosslinked waste tires show

lower activation rate than their non-treated counterpart.

treatment prior to steam activatiob#and_ghe pre-treatment by ZnO can
enhance the poron 3 clivated carbons from decrosslinked

waste tires.

AUt Ingningan
AR TN INE
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5.7 Liquid-phase adsorption characteristics
3.7.1  Porous properties of adsorbents

Both representative adsorbents, AC HCI and CAL, were

characterized and their N, adsorption-desorption isotherms are shown

in Figure 5.7.1.1. From the shape of isotherm, it was indicated that the

AC HCI shows mesopc  structure.  Obviously the N, adsorption

capacity of AC HOCI was Iz -“ of CAL at P/P°>0.3.
&
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P/P [-]

A A e
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distribution of AC HCl and CAL are presented in Figure 5.7.1.2. It

0

was clear that the activated carbon from waste tires prepared with HCI
treatment prior to steam activation shows greater mesoporosity than
CAL and has the peak in pore size distribution at the radius around 2

nm.
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- —8— AC HCI

LS i -® - CAL

dVp/dlog(Rp) [cmslg]

d CAL determined from the

isotherms in'Figtite 5 74 1% 124 en in Table 5.7.1. It was clear that

the activated |_treatment prior to steam

acti 4;; 1as the o :f'-fe' and possesses the Viicro

. 1l .
and Sgﬂlalues In the same order as the comimercial counterpart.

“pgBle 5.7.1 The porfed ¢ operties fﬁ%landCAL
“Vinicro (em™lg)  Sger (m/g)

e.

QW]Mﬂ‘im immﬁ'ma

0.39

" Activated carbon obtained at average 65% burn-off
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5.7.2  Physico-chemical properties of adsorbents
Table 5.7.2 shows the physico-chemical properties of both AC
HCl and CAL. It was found that the ash contents of prepared AC HCI
is higher than that of CAL, in contrast, the former shows lower volatile
content, moisture content, and bulk density than the latter.

Considering the adsa p i est, it was found that AC HCI has the

!:r
A :
=

e contrary, the methylene blue

gh‘Q the latter. The iodine and

methylehe 1 -». HCI is more suitable for

adsorptig

'ties of AC HCl and CAL

\ Bulk lodine MB

Sample Cont ﬁ at, \\ Density Number Number

(o) EE(%) o) (g/em’) (mg/g) (mg/g)
AC HCI S " 017 659 356

CALI WL 746 221

i I

ﬂuaqwaﬂsWB’ni
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5.7.3  Adsorption-desorption isotherms
The adsorption-desorption isotherms of phenol, Black 5, and Red
31 on AC HCl and CAL are shown in Figures 5.7.3.1-5.7.3.3,
respectively. The g and C, are the amount of adsorbates adsorbed and

equilibrium concentration, respectively. It was found that although the

e of irreversible adsorption
“observed, since phenol has

Iroxyl group, as that was

ﬂﬁmwmaﬂﬂ“m
ammnimumw U1a Y

| 10 100 1000
C, [mg/]

Figure 5.7.3.1 Phenol adsorption-desorption isotherms on both adsorbents;

closed symbols: adsorption, open symbols: desorption
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As for the adsorption of Black 5, because of the larger Vs, value,

the activated carbon (AC HCI) prepared from waste tires with HCI
treatment prior to steam activation showed obviously higher Black 5
adsorption capacity than the commercial one (CAL). This is because
AC HCl had more mesopores than CAL as shown in Figure 5.7.1.2 and

Table 5.7.1.

AULINEN TN INT

e/

ARIANIUUPIINYAY

1000

C, [mg/]
Figure 5.7.3.2 Black 5 adsorption-desorption isotherms on both adsorbents;

closed symbols: adsorption, open symbols: desorption

Apparently, the adsorption capacity of Red 31 on the activated

carbon obtained in present work was higher than that of the
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commercial activated carbon dues to the larger V.5, value of AC HCI.
The irreversible adsorption on the commercial activated carbon was
observed which can be described as Black 5, in contrast, some amount
of Red 31 adsorbed could be desorbed from the activated carbon
prepared in the present work.

Therefore, because e comparable phenol adsorption capacity

s of both organic dyes, the
1res with the HCI treatment

| to the wastewater treatment

j’,.\\lx
TARY

ecular adsorbates.

ﬂuﬂqwﬂﬂswaﬂnﬁ
ARIANTUUNIINAY

Figure 5.7.3.3 Red 31 adsorptlon-desorptlon isotherms on both adsorbents;

closed symbols: adsorption, open symbols: desorption
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5.7.4  Solvent regeneration by ethanol

Figures 5.7.4.1-5.7.4.3 present the adsorption capacities of
phenol, Black 5, and Red 31 on both the virgin and ethanol-
regenerated activated carbons prepared with HCI treatment prior to

steam activation as well as the commercial activated carbon,

respectively.

1000

Figure E4 1 Phenol adsorption capacities on both adsorbents regenerated by

AERR 1131 () 1131 i R
N ST T Ay

capacities on AC HCI and CAL, which are regenerated by ethanol, are
around 35-45 and 50-60% of that on the virgin ones, respectively. As
a result, the ethanol-regenerated AC HCI showed a little lower phenol

adsorption capacity than the CAL regenerated by the same solvent.
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Figure 5.7.4.3 Red 31 adsorption capacities on both adsorbents regenerated by

ethanol; closed symbols: virgin adsorbent, open symbols: regenerated adsorbent
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After regeneration by ethanol, the activated carbon obtained from
HCl-treated char had the Black 5 adsorption capacity approximately
40-55% of the capacity of the virgin one, while the ethanol-regenerated
commercial carbon showed lower regeneration efficiency, about 25-
35%.

As shown in 7.4.3, it was found that the regeneration

efficiencies CAL are in the range of 30-40%

B generation efficiency of the
.. However, as for phenol
eration efficiency than CAL,
face of the former.

which is ¢ the ;.’ r‘f I tu

Altho gh  ef] o hanol regeneration of spent AC HCI
£ )“ IERAL,

ol
—

usedsfor .adsorption of orgz ~-r than that of spent CAL,
the §pél Y \ J ted. Accordingly, it was
indicaml that the ethanol regeneration ot&em activated carbons is not

ﬂoﬂfﬂwa %ﬁ%?ﬂﬁl@lﬂ ?eneratlon should be

“tecommended.
oncluswn for Section 5.7
- Although the activated carbon prepared in the present work has the same
level of V,icro value as the commercial activated carbon, the former shows

slightly lower phenol adsorption capacity than the latter.
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- Because of its larger V., value, dyes adsorption capacities of the
obtained activated carbon are obviously higher those of the commercial
one.

- Activated carbon from waste tires shows less irreversible adsorption of the

three investigated adsorbates than the commercial activated carbon.

=3._\'“'- ‘adsorbe large adsorbates better than

AULINENTNEINS
ARIANTAUNIINGAE
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