CHAPTER YV

RESULTS AND DISCUSSION

In the preparation and characterization of activated carbon from anthracite powder

by hydrothermal (supercritical water) process, the steam activated anthracite, i.e.

activated carbon prepared from.a e Do ithout carbonization step, is used as
reference for comparlson A — 4 2 - epared with supercritical water
treatment.
This research con
To st , of, the, preparation condition on the porous

in section 5.1 and 5.2.
2. To pre vae at upercritical water treatment either
directly ffom er or steam activated anthracite in
section “studies’ th he supercritical water treatment

on 1hé B o1 in section 5.4,

H
3. To st "IJ the feasibility of regeneratin exhausted activated carbon by
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presence o water vapor is known to help eliminate curtain volatile mater and tar.
In this work activated carbon is prepared by assuming that a similar hydrothermal
treatment but under supercritical water condition will be effective for making enhancing

the porous properties of anthracite powder.
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So far, it has been found that there i1s no literature on the preparation of activated
carbon by supercritical water treatment. In first batch of experiments, we attempt to
prepare activated carbon from anthracite powder by supercritical water treatment by
using distilled water or hydrogen peroxide solution as liquid medium; the results are

summarized in section 5.3. In addition, we attempt to improve the porous properties of

steam activated carbons (activatet

} I'zi‘ commercial activated carbon and
e

H’
an itical water treatment; the results
——

ludy the' adsorption characteristics of

activated carbon from wastesd
were summarized in tops

activated anthracite and comipaé # ) L ac tivated carbon (CAL carbon,
Calgon, U.S.A)) and stud

g ithe exhausted activated carbon

by batch supercritical wate \mmharized in section 5.5.

ﬂ‘IJEI’JVIEWIiWEI’]ﬂ‘i
amaﬁnimum'mmaﬂ
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5.1 Porous properties of activated carbon from anthracite powder and activated
anthracite

This topic described the porous properties of activated carbon from anthracite

powder compared with activated anthracite. As described in chapter 4, the process of

making activated anthracite is similar to conventional process of making activated

carbon by steam activation except carbonization step was skipped.

Table S.1.1 Porous propertié e and activated carbon prepared

at 850°C from anthragitespowde ' ‘ﬂ'a atbonized at 500°C for 2 hr.,

respectively activated //

I///” 3 \Xﬁx | ;

Sample J - \
Al \ (cm’/g) (m’/g)
. . . 4 "\

A850_1C500_2 0.124 262.00

A850_3C500_2 55.82 27377 710 0.434 686.00
- :_="
I A
A850_1 i"_-

s 0.184 325.00

“““"ﬂuﬁﬁwwf%wm}f
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5.1.4 Pore size distribgitign J \\ cite prepared at 850°C from

anthracite pov viti rate 0.5 g/min.

i¥

activation tempe ﬁure 850°@sand actlvated %drbon 850°C from chars from
anthracite powd e:irlﬁ Considering the shape

anthracite obtained thrﬂgh he s fion at steam flow rate 0.5g/min at the

! R ﬁﬂﬁm W ARYAR e o

mesoporesqdunng activation could be clearly observed.
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From the isotherms, the pore size distributions of obtained activated anthracite
from anthracite powder and activated carbon prepared at 850°C from chars from
anthracite powder carbonized at 500°C for 2 hours are shown in Figures 5.1.2 — 5.1.4.

From figures 5.1.1-5.1.3, they can be easy to observe that every isotherm almost
have no hysteresis loop and exhibit Type I isotherm, with larger uptake indicating that
they have a large degree of microporosity. The shape of isotherms or both activated
anthracite and activated carbon we ‘”?\ , so carbonization of anthracite powder
did not play an importanc§ ‘& of activated carbon. Additional

7 ——
reason is the volatile v anthraemespowder is only 8.5 %by mass,
which is quite low whe f n\\a\\h‘ aterial such as waste tires, GG
bituminous coal( 31.6 % nd - ME \\\\
2 W\

activation of anthracite powdgf witholit carboftization step and this activated carbon was

0al (33.1%by mass) [ Hsisheng

Teng, et al, 1996]. Fro bon can be obtained from direct

named “activated anthracite”.

—.;::-;;;;;;;:.::,3 btained activated anthracite
Y

Table 5.1.1 alsdfrovides the

e

and activated carbon caﬂﬂ ed the Th Bgﬂalue of activated carbon at 30

and 50%burn-off are 262'and 686 m2/g, which is similar to Sggr value of activated

anthracite at the %nurﬂ gmﬂﬂiﬂtﬁa%ﬂﬂi respectively.
RINNINANINYIAY
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5.2 Porous properties of prepared activated anthracite from anthracite powder

As expected, in table 5.2.1, the % burn-off during activation increased with the
increase of the activation time as well as Viicro, Vmeso and Sger values. However, there is
no obvious trend for the variation in surface area and pore volume with respect to

activation temperature even it plays an importance role in activation rate.

TableS.2.1 Porous properties of 2 cti thraclte prepared from anthracite

flow rate of 0.5 g/min

Vimicro SBET

Sample
(cm/g) (m/g)
A750_15 0311 645.12
A750_20 0.238 536.202
A750_25 0.439 965.28
A850_1 0.184 ITER)
A850_2 0277 632.70
AS50230  LABOT T O0M 30 719.72
A850_4 ﬂ 03 0.072 2 0.406 1038.09
TEEAU Gkl ﬁl TN e
A950_0.30 50.99 0.131 0346, 817.75

AR AGRTUURITNEINY oo
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Figures 5.2.1-5.2.3 show the N, adsorption-desorption isotherms on activated
anthracite obtained through the steam activation at steam flow rate 0.5g/min at the
activation temperature 750, 850 and 950°C, respectively. Considering the shape of
isotherm and the N, adsorption capacity, the development of micropores and mesopores
during activation could be clearly observed.

From the isotherms, the pore size distributions of obtained activated anthracite

from anthracite powder are sho
From figures 5.2.1-
hysteresis loop and exhibi

\\i\\ ptake indicating that they have a

large degree of microporosi ‘~ erms are similar to each others, so

it can be concluded that ag .. \ o 3 ect on type of porosity but plays

an importance role in actiyatig é" ,.g,ﬂ
ﬂ\la-l

i

Table 5.2.1 also provides™t 0] ; . s of obtained activated anthracite
calculated from isotherms. #'heiprepare: ed anthracite has the V,ico and Vipeso
values up to 0.346 and 0.131 -e;-fi:— Sty ses the Sper value up t01666.64 mzlg.
Itis found that the higHSF Vs Wosss A bitpared activated anthracite can
be obtained at higher mbum-o or longer activation m'ne Similar behavior has been

observed by odﬁ ﬂagrea (ﬁw ?Wﬁ%fﬂ ? preparation of activated

carbon from bitufidinous coals by conventlonal carbon dioxide actlvatlon

am&wmm NN Y
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activated anthracite prepared at
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Furthermore from Figures 5.2.1-5.2.3, it is noticed that shape of isotherms in
range of P/Po = 0.1-1 is a bit shift when activation time is increase at the same activation
temperature, which presents a higher Vs, value. This behavior is assured by V., value
in table 5.1.1 and pore size distribution graph in figures 5.2.4-5.2.6 and it is clearly
observed in case of activation temperature of 950°C. = This behavior was similarly

observed by others researches (Konvacik et al. 1995) in the preparation of activate carbon

: 'Wm activation.  Since pore diffusion

and &n activation temperature, the results
L

suggest that pore wideni inant. m at high temperature whereas

from bituminous coals with

resistance increases its im
pore deepening is favore

tep is also studied. The porous
properties of activated an ife from anthracite pow prepared at steam flow rate 0.25

g/min at activation tempera 950°C are summarized in table 5.1.2

Figures 5.2.7-5.2.9_shotw the a-desorption isotherms on activated

. . o, =,
anthracite obtained #hire 2

=<

ai flow rate 0.25g/min at the

e

activation temperarure]BSO, 850 and 950°C, respectively. Considering the shape of

; ‘¢, . :
e Y TEI VI T Ty grorors s mesoors

during activatiorfigan be clearly observed.
¢ . s
erwlg.]sam&ﬂtﬁm %ﬁ@@oﬂc&]}&}ﬁdativ&ed anthracite
from anth‘rlacite powder are shown in Figures 5.2.10 — 5.2.12.
From figures 5.2.1-5.2.3, they can be easy to observe that every isotherm almost

have no hysteresis loop and exhibit Type I isotherm, with larger uptake indicating that
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they have a large degree of microporosity. Since, the shape of the isotherms was quite
similar to the ones that prepared at steam flow rate 0.5 g/min, so it can be concluded that
steam flow rate has no obvious effect upon porous properties of obtained activated
anthracite. However, when compare with activated anthracite prepared at steam flow rate
0.5 g/min a pore widening mechanism was noticed easier. As a result, it can be concluded

that pore diffusion resistance increases its role when the steam flow rate is lower. On the

others hand, it can be said that at'the|sdrieactivation temperature the pore diffusion

resistance was higher when he A 1 er which influenced in V,,., value

Table 5.2.2 also prowidgs orpu ‘ rope \H. obtained activated anthracite

calculated from isothe acite had the Voo and Viyeso

values up to 0.635 and 0287 fre iwels \\\\ ed the Sper value up to 1589.75

m?*/g. It is found that the “ er values of prepared activated

anthracite can be obtained at*hi  longer activation time as same as ones

prepared at steam flow, rate 0

T X

ﬂ ]
ﬂumwﬂmwmni
’Qﬁqaﬁﬂ‘im mﬁ’lﬂﬁﬂﬁﬂ
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Table 5.2.2 Porous properties of activated anthracite prepared from anthracite

powder at 750, 850 and 950°C with steam flow rate of 0.25 g/min

Burn-off Visesi Viioro SBET
Sample

(%) (cm’/g) (em/g) (m/g)

A750 10 (0.25) 312.58
A750_15 (0.25) 644.65
A750_25 (0.25) 941.39
A850_3 (0.25) 694.72
A850 4 (0.25) 655.13
A850_6 (0.25) 1589.75
A950_0.20(0.25) .:F: 628.90

1 -
A950_0.40(0.25) 5‘2.49 0.119 0.247 578.58
UYANYNINYINT
A950_1 (0.25ﬂ| EJOZ% 0.169 0.418 1001.76
¢ o Qs

A RITRNTA IRETT IR

9
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5.3 Porous properties of activated anthracite after treated by supercritical water
treatment

In this topic, anthracite powder is used as a starting material in

supercritical water treatment to find the possibility to produce activated carbon

and to study the effect of the treatment on porous properties of anthracite powder.

5.3.1 Effect of treatme nt 1

By observing

/@ sample or treatment yield, ratio
| —

between remaining ight.inpitpefithe treatment, it can predict the

degree of the tiez -u/ § Y\\h’

s ant treatm \ e. As the critical conditions of

pure water are 374 reatment conditions are set at 400°C

X

powder treated under supercritical

and 360 bar with diffe

Table 5.3.1 Treatment yicld of an

= —=
. < o3 e .
water conditions v différent tre ime

. —— el P

Trea 'eatment yield (%)
ﬂuﬂa NYNTNYINFss
amaé:ﬁm UAANYNY

20 hrs. 96.64

*Treatment yield is a ration between weight of remaining sample and input sample
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As shows in table 5.3.1, treatment yield of every samples are around 95 %
yield, so we it can be assumed that treatment time has no effect on the porous
properties of samples

In addition, figures 5.3.1 shows N, adsorption-desorption of anthracite
powder and sample prepared at 400°C and 360 bar for 20hrs. From the shape of

both isotherms, indicate Type III isotherm, with a weak interaction between

fast reaction of

Anthracite

& &
& SW400 360 20

3

2,

- M
2 S
L
s e~ — 0

U

Volume 2

Al o
Fl 1Y [t pn s (A5

amaﬁﬂirﬁmnm%ﬂ

Figure 5.3.1 N; adsorption — desorption isotherm of anthracite powder and

anthracite powder treated with supercritical water treatment for 20 hours
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5.3.2 Pre-treatment with sodium hydroxide and potassium hydroxide
Anthracite powder 1s 1mpregnated with NaOH or KOH before

supercritical water treatment. Our hypotheis is to use great solubility and

extraction poWer of supercritical water to dissolve organic compounds and NaOH

/ KOH-carbon compounds that obstructed the pores of anthracite powder.

Two grams of anth ' e ixed by stirring with a solution that

of K for 2 hr at 60°C. The resulting

steel tube reactor at 404 and ﬂu

? ‘s, percritical water region.
g .\\\
v .Fi.i
o

slurry 1s dried at A lhe resulting mixture is used for

supercritical wate 1xture 1s treated in stainless

L WY
racite

W400_360 2
O NSW400_360_2

me adsorbed [cc/g STP

3=

- I > |

2
=2
5
<

Relative Pressure [P/Po|

Figure 5.3.2 N, adsorption-desorption isotherm on anthracite powder and

samples with NaOH/KOH pre-treatment treated with supercritical water

treatment.
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Figure 5.3.2 shows, N, adsorption-desorption isotherm of anthracite
powder and samples with NaOH / KOH pre-treatment treated with supercritical
water treatment. Porous properties of samples calculated from isotherms are

summarized in table 5.3.2

Table 5.3.2 Porous properties of # te powder and samples with NaOH /

KOH pre-treatmenttreated wi atieal water treatment
———

M

Anthracite 43 z ' W N 3 N.D.
NSW400 360 N.D.
KSW400 360 . N.D.
- NSW400 360 _2: anthr Fe R & with NaOH before treated under

@bar for 2 hrs
- KSW400_360y2:
water condi e ataun- ] I{."

- N.D.:non-detcctable -

i
i, i¥

Of 5 efore treated under supercritical

From figur€ &3.2 and Spzr Galues of anthracite powder, sample with

NaOH a%uaelnunjﬂ H;JD rjpectively. The different
ARSI NI I NG TaR = o=

Héhce, 1t is clearly that pre-treatment with NaOH or KOH before treated under
supercritical water conditions does not enhance the porous properties of anthracite

powder.
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5.3.3 Supercritical water treatment using carbon dioxide solution as liquid
medium

Carbon dioxide solution or drinking soda water is used as a liquid medium
in this treatment. By using carbon dioxide solution, supercritical water oxidation
occurred as it can be observed by the lower yield of treatment (68.77% yield)

compare with one treated by distilled water (96% yield).

Figure 5.3.2 shows N ///.. ion-desorption isotherm of anthracite
powder and sample Obtaine i fro 'cal water treatment using carbon
\ properties calculated from the

dioxide solutio

isotherms are s

Table 5.3.3 Porous pre¢ : | wder and sample treated with

supercritical wate . king soda as liquid medium

Sample Vaicro (cm’/g) Vimeso (cm’/g)

Anthracite _—"'Tu D3 -

W ; .l
COSW400_Y43 o004

W

- COSW400 360 _} anthracite powder lreated under supercntlcal water conditions at 400°C

““ﬁ%ﬂ%%%’%%ﬂ%"ﬂi
Qﬁﬂﬂﬁﬂ‘im UA1AINYAY
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From -Ila of both isoth , they ardlcatmg as Type III isotherm
‘ _

AT S g o e o e

sample atg similar to raw antlrac1te powder Thus, 1t is clearly that supercritical

AL LR

po ous properties of anthracite powder even oxidation reaction occurred.

with a
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5.4 Porous properties of activated carbons after treated by supercritical water

treatment

In this topic, various kind of activated carbons; activated anthracite, commercial
activated carbon (CAL carbon) and activated carbon from waste tired are treated with
supercritical water treatment by using distilled water or hydrogen peroxide solution as

liquid medium to observe to porous properties change after treatment. The objective of

this topic is to find the possibi f__ of porous/properties improvement especially for Sger
and Vugso of activated 7 aercritical water treatment. The
advantages of supercriti are high of obtained activated carbon and
short treatment time

In case of using , " 16 ution as liquid medium, supercritical water

d below.

\

Figures 5.4.1-5.2. . rp op-desorption isotherms on original

various kind of activated carbo yS—act '

ted Carbons treated with supercritical water
et .;-.__-:',

iréated with supercritical water

-

treatment using distillgd

treatment using hydro y-l:f .fﬁ ,-n e shape of isotherm and the
J

i
N, adsorption capacity, thi development of mlcropores and mesopores could be clearly

observed ﬂﬁﬂ?ﬂﬂﬂiﬂﬂﬂﬂi

From the isotherms, the é size distributions of o §| various kinds of
Ik

e ) 80 30 A0 T AL

distilled water and activated carbons treated with supercritical water treatment using

treatment using

hydrogen peroxide solution are shown in Figures 5.4.4 — 5.2.6.
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Table 5.4.1 Porous properties of original activated carbons, activated carbon treated

with supercritical water using distilled water and activated carbons treated with

supercritical water using hydrogen peroxide solution. Treatment conditions are

400°C, 360 bar and 15 minutes.

AC. CAL AA WT
Properties | CAL WCAL HCAI W HAA | WI  WWT HWT
o\
SBeT
820 641 669 51
(m®/g)
Vmeso
0.19 0.45 0.49 0.09
(cm3/g)
Vmicro
0.38 0.25 0.27  0.001
(cm3/g)
VroraL
0.58 0.55 0.70 0.76 0.1
(cm3/g) ‘
VuesoVrora | 033 4036 0 0552 | 064 0.64 |
J
Yield (%) | - sﬂ)o 2862 | - 9589 “4573 | - 9120 16.74
LY
vt Yo INENTRU TR T ==

AA= Activated the

WT= Activated carbon from waste tires

T I AT INY 1N Y

Prefix “H” =Supercriti

cal water treatment by Hydrogen peroxide solution (H,O:H,0,; 1:1)
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carbon from wﬂﬂﬂ@tﬂ%%ﬂ ’}tﬂ §ng distilled water and

activated carbonq‘rom waste tires treated with ASupercritical water using hydrogen
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From figures 5.4.1 and 5.4.3, show the isotherms of CAL carbons and activated
anthracites, respectively, it can be easy to observe that every isotherm almost have no
hysteresis loop and exhibit Type I isotherm, with larger uptake indicating that they have a
large degree of microporosity. Unlike figure 5.4.2 which shows the isotherms of
activated carbon from waste tires, the shape of the isotherms is exhibit Type IV isotherm,

with a large degree of mesoporosity. e shape of the isotherm, it can be concluded

that CAL carbons and acti raci ﬁicroporous activated carbon, while
, ‘me péQd carbon
/

activated carbon from w. 1

Table 5.2.1 alsg DOTOU of original activated carbons,
activated carbons tre; ) 1 \ reéatment using distilled water and
activated carbons tre al ment using hydrogen peroxide

. My,
solution. !
From table 5.2.17 w camﬁe‘ edithat Spgr, Vmicro and Vs, values of activated

e

anthracite and activated carbon TG become 2 — 5 % higher after treated with

supercritical water {re tment using dist ater. SingeAwater at 400°C and 360 bar has

grate extraction and soiub ing effect of obstructed pores

ij a
would be expected. Ulgdg these conditigns, the water might dissolve some of the

compound Wh@] ut%itg mmﬁfni&gﬂajorpﬁon capacity. Another,
possibi}ayﬁ)y]ssae ﬁuﬁgﬁeﬁfﬁwﬁhﬁwt i ures which would
facilitategaccess to closed pores (F. Salvador, C. Sanchez Jimenez, 1999). However, there

is no obvious change occurred via this treatment so it can be said that supercritical water

treatment using distilled water can not use for improve porous properties of activated

carbons.
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Figures 5.4.7 and 5.4.8 show SEM images of activated anthracite, supercritical
water treated activated anthracite by distilled water and supercritical water treated
activated anthracite by hydrogen peroxide solution. From figures 5.4.7 [A] and [B], it can
be observed that there are fragments on activated anthracite surface which possibly be
organic compounds and they are not showed on supercritical water treated activated

anthracite by distilled water. As a result, it can be said that supercritical water might

dissolve some of the compor cted the pores, thus facilitating the

adsorption capacity and

Additional, fro s of supercritical water treated

activated carbon by usin 4-5.4.6, can be noticed that the

‘\

shape of the curves still ed carbon for WCAL and WAA

and represent a mesopo , but every curve show a few

increase in pore volume.

In case of using hy liquid medium the activated carbons are

oxidized which can be obser: ield. Firstly, we intend to use hydrogen

.‘_,,-'

peroxide as oxidi vent to oxidize the Afbon and expect that the porous

Iﬂ
Saer vﬁeurﬁ,ﬁ ﬂbE] MWWT water treatment using

hydrogen perogide (HCAL), actlvated anthraclte treated w1th supercritical water

e ARG RENIONT G o e

treated w1th hydrogen peroxide solution (HWT) in table 5.4.1 are decrease after treatment

properties will be unpm'ed like steam activation.

except HCAL. This phenomenon can be described by very fast oxidation rate or surface

of activated carbon was oxidized in layers which different from steam activation that
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some carbons on activate carbon surface were oxidized. However, HCAL still have Sger
value similar to original carbon due to orderly structure of CAL carbon.

Therefore, it can be concluded that porous properties of activated carbon are
decrease as treatment yield decrease and supercritical water treatment using distilled

water does no effect on porous structure of activated carbons.

Figure 5.4.7 SEM images of activated anthracite [A], supercritical water treated
activated anthracite by distilled water [B] and supercritical water treated activated

anthracite by hydrogen peroxide solution [C] at power of 45,000
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Figure 5.4.8 SEM idages of activated anthracite [A}, supercritical water treated
activated anthracite by, distiled gvater, [B} 2nd supencritical water treated activated

anthracite by hydrogen peroxide solution [C] at power of 120
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Table 5.4.2 Porous properties of original activated carbons, activated carbon treated
with supercritical water using different concentration of hydrogen peroxide solution.

Treatment conditions are 400°C, 360 bar and 15 minutes.

Activated carbon AA HAA(1:1) HAA(3:2) HAA(6:2)
Sger (m’/g) 679 321 612 702
Vaeso (cm/g) 0.082 0.119 0.178
Viicro (cm’/g) 0.270 0.319
Yield (%) 55.68 77.01

AA= original activated anthza@ite //
HAA(1:1) = 15 % hydrogen péroxide s )
HAA (3:2) = 12 % hydrogen pgfoxi

HAA (6:2) = 7.5 % hydrog

In this part effect of co c?ﬁ A y ) peroxide solution was studied.

The samples with treatn ent Avietd * are’

. -, 5".!"' JA T/ . ..
concentration of hydrogen pefoxide soh d. in .supercritical water treatment.

% was prepared by varying the

Fig.5.3.9 shows theil¥ o original activated anthracite
and activated anthraciytxeated with supercritical wateraing hydrogen peroxide solution

W‘“‘d‘ff‘““‘ﬁ“iﬂ’ﬂ"’ﬂ NYNINYINT

From th&4 sotherms, the pore‘sme dlstnbutlons are shown i Flgures 5.4.8 and we

e RARA TRURAS mma &Jamptes present an

increase m Vumeso value. The porous properties calculated from the isotherms were

summarized in tablé 5.4.2.
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Figure 5.4.10 Pore sizefdi anthracite, activated anthracite

f’: Z

treated with supercritical'v fff 9.'0_ s concentration of hydrogen peroxide
= _ R .
solution. Treatment,conditions are 400° and, 45 minutes.

:;,v_,.—' Y |
I
7% treatment yield is still similar

to original acﬁaﬁ E;.l%cﬁfl Mﬂ E}eﬁ]ﬂ%m yield is decrease. In

addition, VMgsoq‘alue of treated ac’g-vated anthra ite becomes 1 a’ 2 times higher than

orginabieied R e ik ANGIAE

From the results, it is clear that the supercritical water treatment using hydrogen

From table 5.49 show that Sger of samples at

peroxide solution can not enhance the porous properties of activated anthracite although

the Viyeso value is slightly increase.
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Liquid-phase adsorption and regeneration characteristics
5.5.1 Porous properties of adsorbents

Both representative adsorbents, AA and CAL carbon, are characterized
and their N, adsorption-desorption isétherms are shown in Figure 5.5.1. From the
shape of both isotherms, they are indicating that both activated carbons show

microporous structure. However, CAL carbon presents higher mesopore volume

=
)
L0
5]
2,
=
2
St
(=
(2]
=
®
=7

[i

=1

UIMERINING,
ARANIUNRTING”

Figure 5.5.1 N; adsorption-desorption isotherm on CAL carbon and

activated anthracite

closed symbols: adsorption, open symbols: desoprtion
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By applying the Dollimore-Heal method to the isotherm, the pore size
.distribution of AA and CAL carbon are presented in Figure 5.5.2.. It is clearly
that CAL carbon and AA have same shape of pore size distribution. Nevertheless,
CAL carbon shows greater mesoporosity than AA and higher pore volume than

that of AA at Rp > 2 nm.

—e—CAL
——AA
24
154
=
S~
3
o0
=
2
j=n
>
=
100

D [nm] ‘

Figure ﬂlﬁ)ﬁsa ﬂ-ﬂﬁw activated anthracite
ARIAINTAUNNIING A Y
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The porous properties of CAL carbon and AA determined from the
isotherm in figures 5.5.1.1are given in table 5.5.1. It can be concluded that CAL
carbon has larger Vygso and Sper values and possesses the Vygcro value in the

same order as the activated anthracite.

Table 5.5.1 The porous properties and physico-chemical properties of AA

///'

and CAL carbon

Sample \ olatile | Ash Moisture
\ N ontent | Content Content
%0) (%) (%)
CAL 8.4 7.0
AA* 24.5 1.5
* Activated anthracite @btaigéd at av

ﬂUEJ’J‘VIEWIﬁWEJ’]ﬂ‘i

Qﬁﬂaﬂﬂimmﬂﬂﬂmﬂﬂ
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5.5.2 Adsorption-desorption isotherms

The adsorption-desorption isotherms of phenol and Red 31 on AA and
CAL carbon are shown in Figures 5.5.3-5.5.4., respectively. The g and C, are the
amount of adsorbates adsorbed and equilibrium concentration, respectively. It is
found that as the higher Vyjcro value of CAL carbon the slightly larger phenol

adsorption capacity than the latter. Moreover, the existence of irreversible

adsorption of phenol on beth C/ gbon and AA was observed, since phenol has

the electron-donating.fu; t was investigated by Pisit et al,
: ——

2002 and Tamc? ‘
] -I‘ “

Q [mg/g AC]

F'HJ INg
wwammuwmmmaa

Figures 5.5.3 Phenol adsorption-desorption isotherms on both

adsorbents; closed symbols: adsorption, open symbols: desorption



99

As for the adsorption of Red 31, because of the larger Vygso value, the
commercial activated carbon (CAL carbon) showed obviously higher Red 31
adsorption capacity than activated anthracite prepared from anthracite powder by
direct steam activation. This is becaﬁse CAL carbon had more mesopores than
AA as shown in figure 5.5.2 and table 5.5.1. Furthermore, the hysteresis between

adsorption and desorption branches on both adsorbents suggested the appearance

100

Q [mg/g AC]

f umwm;wmg,nmw =
ARRLATUNAITIY D Lo

adsorbents; closed symbols: adsorption, open symbols: desorption
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Therefore, because of the comparable phenol adsorption capacity but the
lower adsorption capacity of organic dye; Red 31, the activated anthracite
prepared from anthracite powder by direct steam activation should apply to the
gas-phase adsorption or water puriﬁcation, unlike CAL carbon, which can be

applied to various kind of adsorption process.

AULINENINYINS
ARIANTAUNING1AY
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5.5.3 Regenerating exhausted activated carbon by supercritical water

In this topic, activated carbons; activated anthracite and CAL carbon,
exhausted with phenol and Red 31 were regenerated by supercritical water in
batch process to study the adsorption capacity of regenerated activated carbon.

Regenerating activated, carbon via this procedure based on thermal

supercritical c | x\ of properties that make it an

excellent solventfor 46
dielectric conten#o 4 '-'_7 c cing, its solvent properties. Other
physicochemical gro p - ch' as \density, viscosity and surface
tension, also decp@ass e, 8o that 1t’s dynamic characteristic
improve, allowing a fiig 12 of’ ability through porous solids. Thus, the

adsorbate adsorbed arben will be dissolved into the

water. Yoo )

Regenerafion efficiency 1s calculated fronr

ANHANENINLINS., .

¢ Previous adsorpnon capgj ry

amaanamumwmaa

Table 552 and 553 show adsorption capacity and regeneration

efficiency (%) and regeneration yield of activated carbons adsorbed with phenol

and Red 31, respectively.
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Table 5.5.2 Adsorption capacity, regeneration efficiency and regeneration

yield of activated carbons adsorbed with phenol

Activated  Adsorption  Adsorption capacity Regeneration Regeneration

carbon number (mg/g AC) efficiency (%) yield (%)

1 173.76 - -
CAL

2 95.82 55.15 98.50
carbon

3 98.87 98.48
Activated 1 - -
anthracite 65.25 99.60
(AA) 99.45 97.34

From tablé" 56. phenol on CAL carbon and

activated anthraci 73 76 and 178.17 mg/g AC,

respectively. In 2" : On, xk\o ion capacity of CAL carbon and
activated anthracite afe a - g/g AC, show 35 and 45% decrease in
adsorption capaci wever the 10¢ ated carbon by this treatment can be
neglected. V— : ’Fr‘

From tame 5.5.3 adsorption capac1ty £Red 31 on CAL carbon and

o BT I P g o 551 mon

respectivély. In 2™ and 3" aéjsorption, a('i&orption capaci%of CAL carbon and
SEARINTRIURAINEANE 224 o
ad:mption capacity of CAL carbon, while abouf 300% increase of capacity in
case of activéted anthracite. As mentions above, loss of activated carbon from the

treatment can be neglected.
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Table 5.5.3 Adsorption capacity, regeneration efficiency and regeneration

yield of activated carbons adsorbed with Red 31

Activated  Adsorption  Adsorption capacity Regeneration Regeneration

carbon number (mg/g AC) efficiency (%) yield (%)

1 140.14 - -
CAL

2 109.81 78.36 99.84
carbon

3 100.59 971.32
Activated 1 - -
anthracite 338.07 96.37
(AA) 93.64 97.58

From the - ., garly, that, b h_activated carbons can not be

successive regene J. Rivera-Utrilla, et al, 2003,
which regenerate | » / pheriol-ax ted activated carbons with
supercritical water and /s _ ' A al, 2001, which regenerated several
activated carbons exhausted “with p mpounds, dyes and pesticides, that
LE"# ghtly improvement in the

activated carbgn

adsorption capamy was observed.

wﬂﬁ%ﬂwﬁfwﬁﬁ ﬁ?rocess, which difference

from confinuous process in Prevxous studled ( F. Solva , et al 1999 and J.
RO Pt BARHHE 3B cron e
Red 31-supercritical water might occurred. Then, water as the solvent can not
fully carry out the extraction (Phenol and Red 31) and regeneration efficiency is

not reach 100% like continuous process. The adsorption capacity in adsorption
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cycle 2 and 3 also confirm that phase equilibrium between activated carbon -
phenol / Red 31 — supercritical water is occurred.

In case of activated anthracite — Red 31 adsorption, regeneration
efficiencies are about 330% in both fegeneration cycles. It can be assumed that,
due to few amount of Red 31 adsorbed on activated anthracite, so supercritical

water can dissolve all the Red 31 and also extracted some organics compounds

which obstructed the pores. Addigofally, supercritical might also oxidize and
enlarge some micrope e - is confirmed by the increase of
| —

mesopore volun( treated by supercritical water

reported in ChapteafS.44" i capacity is about 3 times increase

Red 31 can be regenerated from
activated carbons £asi nenol, becauseé phenol usually occurs chemical
adsorption beside physi Fatso 7 . Schork, et al, 1988).

_ACTRIA I

However, r egenerating exhausted activated

carbon by batch v‘ ation is higher than ethanol

regeneration ( Elt Anyade_]wamch et al, 2003 mln regeneration of CAL carbon

exhaustﬂ ﬂ Elrﬂﬂl w ETW?WﬂIfTﬂﬂtion efficiencies are 50 —

60% andl'18-23%, respect1v°ely, but regeneratlon efﬁmwxes of CAL carbon

RIS TUIAN DA LU o e

55% and 78%, respectively.
Theréfore, regenerating exhausted activated carbon with supercritical

water is preferable to conventional regeneration method, due to many advantages
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such as; very high regeneration efficiency, adsorption capacity remains constant

even slightly increase and little losses of activated carbon during regeneration.

AU INENINEINS
QMBI TAUNR AN
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