® X
EeiBE HS5H H2s
J. KIChE, Vol. 5, No. 2

June, 1967

Ao WERE RS B

& [} fB*

A Study on Adsorptivity of Active Carbon

Byung-wook, Kim*

*Dept. of Chem Eng., College of Eng. & Science, Yonsei University

Adsorptivities, solid surface acidity, specific surface area, bulk density, electron microscopic observation etc.

"have been measured on the traces and investigated which are accompanied by the change of principal factors

in manufacturing active carbon for liquid phase, activated with ZnCl,.

As a result, concerning the important operation factors of activation time, activation temperature,

amount

of ZnCl,, amount of HCl, raw material size, active carbon size etc., the optimum conditions causing a good

activation state were found out, and moreover, mechanisms of ZnCl, and HCl adding effect, activation, and

overactivation are clarified.

The correlation of each factor of solid surface acidity, specific surface area, pore distribution etc. to adsor-

ptivity, and the significance of measuring bulk density also are brought to light.
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0.1% Methylene Blue % 100 ml o] 3%} 0. 2gr &
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B MBI, WS BEES Atago#l photoelectric
colorimeter 2 JUEsle] 3k 1gr ¥ WL Caramel
9 mg 2H FRegd
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Caramel WERE S F— HiEQldl, 30 58 reflux
condenser & £l K Lo] in#sl= R, 1
Wifd] E-oF IREIB 3. 208/ sec, #EHE 31. 5cm 9] shaker =
EEo &
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Akt 0.25gr & conical fllask o W3 FERs A=
HIKES Briksty] 9ste] mEEmme PH S HEgs

BN 5% HCI 5ce & gt ¥ %9 30 470 %=}
]%i A WEEL) kel lodine B OBHE 11l 2.7 gr
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.g%ow 100cc o] @Az WE P#ksts, WEd o
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¥iie lodine & 0. 1N-Na,S,0, 2 gEste 0E
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Fig. 1. Schematic Diagram of Experimental Apparatus for Measuring the Specific Surface Area
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5. Bulk Density o BZE®

156~200 mesh 2 HE I 120~ 150°C =2 Eefbel w2 A dEEy BMLs Bl
2R S BB BBAZ B8, —ERe R Rt BTHEE SRR 75,00 )¢ &%ty
ey HEZ 1.2cm, =0} 20cm<el mass cylinder of EVLEE, SRR W EHE(EaCl)e Egy #
orifice B 0.7cm ¢} funnel 2 iEdle] HEAZ &, kel w2 EZEY #8rE BEsdon, = &R
{E#E 2. 2Bl/sec, 3EIE 31.5cm ¢ shaker oA 104 waba REEES WREE Aole MEikes FmEA
B EEAD 5, AHE sl of Aoz 1 gx%jj?f}aif%
bulk density & EESA ol & ZAKIE Shimadzu § S-200 Type MFHERE

Weight of Dry Carbon Sample

Volume of Facked

=Bulk Density

24 155 “”:‘CJ' %E&u&ﬂ“‘ 718ked
Hitachi 8§ HUS-3

Table 1. Various Conditions on Preparation of Samples

Type 2] FHZEEEREA shee

6. BFREEEM KE BIRAHS! B]A

Al

Sample i Raw Material Pretreatment [ (:érf\%?:s‘tggg Product
‘,
S um> Kind & Amount - Remark
Numaer Mesh Amount, of Activation Temp. }ll'rlme, Size, Mesh
er Agent, etc., gr °C
i
1 -33 50, ZnCla: 100 700! 0.5 —150,/+200] Change of Activation Time
HCL: 44 !
H,0: 300 ;
2 —35 50 ZnCly: 100 700 1.0 —150, —200] Change of Activation Time
HCI 44
. HyO: 300 i !
3 -35 50! ZnCly: 100 700: 1.5 —130,/4+200° Change of Activation Time
. HCL: 44 | |
; H,0: 300 | ! i
4 —-35 50 ZnCly: 100 700, 2.0, —150°4+200 Change of Activation Time
: : HCL: 41 ! i
i : . H0O: 300 4
5 —35! 50| ZnCly: 100 700 2.5 —130,+2000 Change of Activation Time
| | HCL 44 ‘
| i H,O: 300 ‘
| G —35 500 ZnCly 100 700 3.0 —130/--200] Change of Activation Time
; | | | HClL 44 i
r i COHO: 300 5
7 -~ 35! 50/ ZnCly: 100 700: 3.5 —150/+200 Change of Activation Time
' | HCI: e |
: | H0: 300 ; !
8 -3 50, %{r&]z: 100 700 4.0 —150,/4-200. Change of Activation Time
! i : 44 ;
: | | R0 300 ;
: 9 —33| 50; ZnCly: 100 500 3.0 ~150+200: Change of Activation Temp-
! ! HCl: 44 | erature
‘ i '\ H,0: 300 i
10 | —33| 501 ZnCly: 100 | 600: 3 —150, +200! Change of Activation Temp-
i ] HCI: 44 erature
i ; | HyO: 300
11 —35 50; ZnCly: 100 700, 3 —150,/+200] Change of Activation Temp-
i I HCL: 44 { erature
1 H,O: 300 |
! |
12 . 530 ZnCla 100 800 3 —150,+200| Change of Activation Temp-
. HCl: 44 | erature
';  HO: 300 ‘
13 —-33 50! ZnCly: 100 900 3 150,200 Change of Activation Temp-
: I HCL 44 erature
i | HO: 300
14 | i 30 ZnCly 100 9801 3l —150,+200; Change of Activation Temp-
! i I HCl: 44 i | erature
' | : H,0: 300 ;
i 15 -3 50" ZnCly: 0 700 3 —130/+200, Activation without Activati-
' I HCL: 0 { on Agent
{ i i H,0: 0 |
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H(‘.l‘
H,0:

1‘)5

300
25

300

50
306

75
300
125
300
150

300
10()
300

100
44
300

100

300
100

300
100
300
100

‘300
100

300
100

300
100

300
100

44
300
100

44
300
100

44
300
100

44
300
100
330
100

300
100

300

70C

70¢

700

700

700

700

I

—150/+20C

—150,/ 4200

—150/+200

—150/+200

—159,"+200

—150,+200

— 150/ 4200

— 150/ 4200/

—150/+20C

— 150/ +200

— 150/ +200

—150,/+200

—150/+200

—150/4-200

—150/+200

—150/--200

—150,"+200

—200

—170/+-200

~150/-+170

—115/-150

—100/-+115

—150/+200,
—150/+200

—150/+200

Change of Amount of
vation Agent, Zn(Cl,

Change of Amount of
vation Agent, ZnCl,

Change of Amournt of
vation Agent, ZnCl,

Change of Amount of
vation Agent, ZnCl,

Change of Amount of

vation Agent, ZnCl,

Change of Amount of
vation Agent, ZnCl,

Change of Amount of
vation Promoter, HCI

Change of Amount of
vation Promoter, HC!

Change of Amount of
vation Promoter, HCI

Change of Amount of
vation Promoter, HCI

Acti-

Acti-

Acti-

Acti-

Acti-

Acti-

Acti-

Acti-

Acti-

Acti-

Change of Amount of Acti-

vation Promoter, HCI]

Change of Raw Material Size

Change of Raw Material Size

Change of Raw Material Size

Change of Raw Material Size

Change of Raw Material Size

Change of Raw Material Size

Change of Product Size

Change of Product Size

Change of Product Size

Change of Product Size

Change of Product Size

Japan Made
Norit
Girdler E32
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€ @A etk Table 15 e,
2. HRER RE Data

. WEHER Gas- alcolp*lon chromatography & HI%E3 chroma-

1. %ﬁﬁl»-c-’-l Data togram & BHihg L Plg 2.a, o.bg} 7tor], o

SRRl SRS FHEY e BES HYd &kt 9 @?%*?03 R OB 3-a, 3-b, 3-c ol

i YRS 1 m"n'E, iEEEIQl ZnCl, o] Rk, [HiEE) FRE G,
Elol HCI °] g, ﬁﬂﬂ e BE 2 SEGE HEEES, o Moz 2 X (1, @

HES BET BED & RES, o WHS AR ke BEAT,

a. Curve for the Entire Range of One of the Typical qample 20 l T
Z ] i
= — Activation
/’_j /F\ ih\\ 16 f— TP 900°C 5&600"0
1 o
500°C
————————————— i—d\ ———-——‘-—4_-;.—_-’\- ———-——_JA-— - SOOOC
sample 10 sample 18 sample 17 = ] /
< 12 == 700°C —
o /
7
/\\___A_/ L /T_, L3 V7
_______________________ =
r sample 21 sample 20 caople 11 2
i = ) /]
b. Curves for the Samples Treated with Various Amount of ZnCl;
Activation tempeature: 700°C

Activation time: 2.5hr 0 o
Amount of HCL: 30 wt. % :
Particle size of raw material: —35 mesh

Patricle size of product: —150/+200 mesh

Fig. 2. Elution Curve of Acetone

Fig . 3—b. Acetone Isotherm for Active Carbon,
Sample No. 9~13

20 7 T
! L] 0 :
A ;y“ Activation time (. 5hr 1»/ 20wl
16 B /"\Anﬂomt of ZnCl,
5 1. o /1(’{)‘“47 A l50<utA
= 12 = / ; 2? 250wt/a
~ S 2 / 200wt %
T ANP7
~ [, A/
3 =7 7/4‘
w4 l N
~
. "
0 .1 02 03 04 05
T 0 0.1 0.2 0.3 04 0.5
x
Fig. 3—a. Acetone Isotherm for Active Carbon, Fig. 3—c. Acetone Isotherm for Active Carbon,
Sample No.1~7 Sample No. 17~21
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3. & Data FEBERE D bulk density 5 TS £RE @
Table 19) Stbfol B9 4% Wkte, HATM, Eft = obel Table 29} 2},

Table 2. Experimental Data

Sample s\Bilethylene, Caramel, Molasses, | Iodine, :’S;zang- Specific j:‘gllciiciits;rtace Bulk
ue, mg/ mg/gr- mg/gr- mg/gr | o surface meq-K(f)H/ derlxsxtg, Remark
Number S5t | aeue e e SN e Gl | e
carbon carbon

1 278 1,200 1,210 495 708 748 122 0. 410

2 310 1,550 1,780 510 740 902 0.97 0.374

3 330 1,850 2,220 519 791 1, 16¢ 0. 82 0. 353

4 350 2,220 2,340 532 824 1,265 0.77 0. 331

5 352 2,300, 2,475 521 793 1,250 0.68 0.323

6 338 2,120 2,760 518 716 1, 200 0.55 0.316

7 305, 1,930 2,410 525 602 1,110 0.43 0. 292

8 302 1,550 1,820 512 512 — — —

9 250 1,280 2,110 490 712 933 0.98 0. 402
10 324 2, 040 2,420 533 782 1,118 0.84 0.372
11 380 2,420 2,620 517 832 1,256 0. 66 0.339
12 364 2,210 2,540 518 782 1,188 0.51, 0.301
13 328 1,970 2,350 518 721 1,050 0.38 0. 290
14 312 2, 005, 2,080 513 705 — 0.35 -
15 52 630 650 162 50 — — —
16 1201 1,120 1,14C 496 320 — — —
17 200 1,090 1, 360 3 512 752 1.0% 0. 410,
18 320 1,680 1,862 528 675 1,026 0. 98 0. 381
19 360 1,956 2,062 526 754 1,190 0. 88 0. 354
20 338 2, 000 2,508 538 817 1, 296 0. 82 0. 201
21 310 1, 980 2,682 522 845 1,328 0.76 0. 296
22 300 1,750 2, 208 522 452 — — —
23 362 2, 066 2,720 522 654 - - —
24 346 1, 960 2,81C 515 795 - - - !
2 324 1, 890, 2,710 510 753 — — — |
2 304 1,580 2,640 516 689 — — —
27 310 2,100 1,960 523 536 — — —
28 360 2,320 2, 260 512 672 — — -
29 364 2,310 2,310 518! 720 _— - -
30 358 2,250 2, 300 525 740 _ — — !
31 ! 360 2,150 2,280 518 762 — - — :
a2 332 2,060 2, 261, 513 682 - —~ MJ '
33 350 , 220 2,370 5.7 730 — - —!
3 360 2, 350, 2,535 52 { 672 _ — |
35 270. 2,39C 2, 650 : 608 — -— —_
3% 385 2,275 2,473 545, — - -
37 401{ 2,015 2, 160 460 — ~ —
35 388! 2,700 , 500, 308 724 — — —| Japan Made
39 372[ 1,648 181y ’Sﬂi 518 - — — Norit
40 375, 1, 650 1,816 5a% 519 718 —! —| Girdler E32
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B RHEN2) B

Activation temperature: 700°C
Raw material size: —35 mesh
Amount of ZnCly: 200 wt. 5
Product size: —150/+200 mesh
Amount of HCL: 30 wt. %

Fig. 4. Electron Micrograph of the Structure due
to the Various Activation Time, 75,000X

d. 2.0 hr

(84) &5 J. KIChE, Vol. 5, No. 2, June, 1967



d.730°C

o 700°C £ 900°C

Activation time: 2.5 hr Amount of HCL 30 wt, %
Raw material size: —33 mesh Product size: —150/+200 mesh

Amount of ZnCly: 200 wt. §

Fig. 5. Electron Micrograph of the Stucture due to the Various Activation
Termperature, 75,000X

sjat3al, M5 H25, 1967 6% & (s5s)



b. 100 % e. 230 %

c. 150 % f. 300 %

Activation time: 2.5 hr Raw material size:—35 mesh
Activation temperature: 700°C Product Size: —150/-+200 mesh

Amount of HCL: 30 wt. 7

Fig. 6. Electron Micrograph of the Structure due to the Various Amount of
Activation Agent, ZnCl, 75,000 X

(86) 90 J. KIChE, Vol. 5, No. 2, June, 1967



V. RBRERY ¥8 3 X

Table 1,2 o] FR3 & AR BERE, HERE, E
FEREMIEE, bulk density, [EVE(LRERY, FHiEILIBRE,
BRI (ZeCl) e FmE, EERIHCDS) g, J§
RSl SURGEERDS KES BREE =& semi-log

shed BE, Eed oI B HERE e

1. EHE(EesETt ®kAe, HETHN, ENEEIR
# A, Bulk Density

A FHGEEDD Ry SR EsLAY MET, o
FElR EERE BERECLY HmE, Stk
RIHCD S FmE 2 FERGEYT D9 R GE#E
FOY KE £ EEAI T EiEbEmS fies
AR 2 RS BB HEER EEEE

£ ! o Meét Blue
.8 4000 /‘-[/"\ ‘e-Caramel 870 3
s U -8~ Molasses 2
~ (o lodine E
v KM n|O. a;’
5 3000 i 500 .5
@ ¥
R 8
=L S
= o
CE”ZOO(’ s;( I T \.\\ 400 E)
- 4 ¥ Y =
% 10002 ! N | S
5 1006 : —{200 2
oy a.
! ja~3
< ! i 1 0 <

o 1.9 2.0 3.0 4.0 5.0

Activatian time, hr
a. Adsorptivity

g B -
_§ 2.0 ] '
g |
~ e N BT
olid surface acidity

: 1. 0 t"'\ [ : ;
7 ' : :
%% O ~ r
E . |
3 0.6
S o &
5 & 0.4 b2 rré&ﬁty \!\
R=37 ] }
g =<
o =
(-
<7 0.2 ,
3 ;
b |
i L

0 1.0 2.0 3.0 4.0

Activation time. hr
b. Solid Surface A cidity, Bulk Density
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et 2 bulk density & Table 1, 2o ksl ploc
& HRe Fige 79 2L = & Fig. 7—a = i
fEisiel w2 WEfES) WEMES plotd Zold,
Fig. 7—b& FEHRR P2 ESERmEE 2
bulk density 9}¢] BH(RE vebdlch =z 3 Eik(brs
Well ©ta HEERS e Fig. 7—co A}
Fig. 7—a¢l #3&% Ilodine o] [R3lol BEaE0]
fensiel G %S A9 W= ¢z glov, Methylene
Blue, Caramel, Molasses 2 Permanganate oj Aol A
o IELRRS REEES mX = G o] FAs,
2~3 Feflell A maximum of %8 % A A o] EhE
Z gleh, lodine ol £ 4 gl o9 7o B
< BEEROAHAE Jebd v, —fgoz IR RS o
WBE B SRS BT A9 ERAs of,
SR EERS) BEES 24 = A, FIZe
o AAEE BV 2 AEEERS A BAA

1300
PN
21100 //

/
f

N

m

g

2

Specific Surface area,

0 1.0 2.0 3.0 4.0
Activation time, hr

c. Specific Surface Area

Activation temperature: 700°C
ZnCl,/Raw material: 200 wt. o
HCl/Raw material: 30 wt. %
Raw material size: —35 mesh
Product size: —150/4+200 mesh

Fig. 7. Eflect of Activation Time on Adsorptivity,
Specific Surface Area, Solid Surface Acidity and
Bulk Density
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Burrage' 9] |7 Q1o

* ERERA K Eiieot #rEE, BEEESH
BrEstAl =l KE] bulk density & BT B
AR o]0 % vlFo] Bul, digestion By #RiEFR
ZnCl, o fE=o) EiELEr] 44 RE= e, &
{LBRA KFE B, HFE ool HE=E, K
# BFEE .0 2 Bists miel, [Tl 2
A S RREEEEE e oz 30
oS BEELY AL TR BREE A4 £
grh o) EH A B 12 AR FEiEkE Bitd BT
A B RSl R RARsd & Tl R
22 bulk density, HEEE ¥ BERRAEEET =
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