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Table 2-1 Experimental conditions and results

amount
Inflection point
C p S X10® Vi X10° adsorbed at AQo1.035  amount
material of adsorption
[wi%] | [kg-m®] [m?-kg?'] [m® kg™l P/P=1 [kg-m?]  silica [%]
4 isotherm[-]
[kg-kg~]
AC 0 765 1390 2.61 0.52 0.68 15.3 0
0.1 767 1200 157 0.45 0.60 38.3 0.27
1 783 1180 1.30 0.47 0.50 38.3 2.45
9 862 1060 244 0.41 0.61 7.65 12.7
9+9 937 847 2.57 - - - 225
AB 0 1150 1080 0.416 0.36 0.59 11.5 0
0.1 1150 - - - - - 0.069
1 1150 606 0.377 0.33 0.42 46.3 0.42
9 1190 442 0.344 0.29 0.43 47.6 3.49
BG 0 1000 1200 0.589 0.38 0.57 10.0 0
0.1 1000 851 0.467 0.38 0.47 78.0 0.94
1+0.1 1000 - 1.25 0.38 0.41 90.0 2.10
9 - 834 1.26 0.38 0.36 89.8
silica gel - 820 650 0.37 0.37 - 98.3
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Fig. 2-1 Scheme of adhering hydrophilic silica process
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Fig. 2-2 Adsorption isotherms of water vapor for AC at 303 K
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Fig. 2-4 Adsorption isotherms of water vapor for BG at 303K
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Fig. 2-5 Comparison of water vapor adsorption isotherms for AC at 303K
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Fig. 2-6 SEM photos (a and b) and EDX photos (c and d)

Nomenclature

C = concentration of sodium silicate [wt%]
P = pressure [Pa]
Q = adsorbed amount per unit mass of adsorbent [kg-kg™]
q = adsorbed amount per unit volume of adsorbent [kg-m?]
Aq = differential adsorbed amount [kg-kg™]
S = surface area [m? kg™
T = adsorption temperature K]
% = volume [ml-g™]
¢ = relative pressure [-1
P = density of adsorbent [kg-m?3]

<Subscripts>

0.1-0.35 = relative pressure region from ¢=0.1 to ¢=0.35
s = saturation
total = all pores



Literature cited

1)

2)

3)

4)

5)

Ito, M., F. Watanabe and M Hasatani; “Improvement of Both Adsorpion Performance of Silica Gel and Heat
Transfer Characteristics by Means of Heat Exchenge Modulation for a Heat Pump,” Kagaku Kogaku
Ronbunshu, 22, 163-170 (1996)

Tajima N., T. Takesugu and K. Hirao; “Theoretical study on adsorption and proton exchange reaction of H,O
on H-form zeolite,” Ghemical Physics, 218, 257-265 (1997)

Tsunoda R., T. Ozawa and J. Ando; “Ozone Treatment of Coal-and Coffee Grounds-Based Active Carbons:
Water Vapor Adsorption and Surface Fractal Micropores,” J. Colloid Interface Sci., 205, 265-270 (1998)
Watanabe F., T. Sugiura, M. Hasatani and C. Marumo; “Operating Limits of Heat Pump Using Adsorption of
Structural Active Carbon/Water Vapour,” Kagaku Kogaku Ronbunshu, 15, 38-43 (1989a)

Crank J.; Mathmatics of Diffusion, p84-87, Oxford University Press, London, UK (1956)



3. Jz—XIDKE (HFRIEH2)

3—1. BB KLUEE

7x—XN WEHEA 2) TiL, 77 A F v 7 ZJFk e LT ARIRIE S ETEEIC K 2 AHPHTEM: i i
EARRE L, RIE LIRS R S < AHPFITEMES & U C OMEREEEAT 21T - 725 51T
DWTCIRR D, BEDFIEIZ, 7T AF v 7GR L 3 DIGVER A B ML ORLA > v — 125y
it H 2 L2 KB ) Y ADIKEIRIENR 7T ZF v 7 OH—R B LR D 2 L IO
LEWERIEIDHEBZONDZ L, D2HRITERTDLHDOT, KRIEIZ K> TAHPHAKZR QKA TEME R
&L CHEER X5 0ERIERE LL_E O TSR TOKABR DO KRB B AW EMEN T 5 T& 5 2 & B3
ENb, £ TEARMITIIU T OB 21T 72,

£, 7T AF v 7 FEHC 8 OB AYAMERIIE, 3 FOBEELIERIIEZ AV, £ 25 OB R
FRAIRFD/ER AR L, RREIREDS DL BISIC DWW CTHEA DS FCAERES Y 7 A (KOH) RIS %
1T THEMER Z21572, DUWTE B TTEMER IZ OV TR A O i d6 X O Bk 2 B & 732
THLLEHITIND ZBEFOWASEM OFER & i U CARETE OB R OGO 247 - 7=,
WIZ, B EIRET 23S OME & &, IR, BUEREIET 2 £ COFREE, BEREIZE
L 72t ORFFRF S O Sl 2 20 S TEME R ZE L. 20 6 OS2 A RIS R O M LI & Rt 45
K OKREREAERE RIET B DN THRF 21T o 72, 78 VIR E UCIIAKE LS UV o A K
fEF b T 2EHG, FE T 7 AF v 7 & LTUIRY I—ARFx—h (PC) AWz, 2D ORERIZHE
S, EYERRIEER O LRSI OV TRF E1T 5 72,

7k, BARMR AL LTIE, WERDT U BT LT 2 /5D Aqoross [Kalkgl z A9 5 iM% % 15
HZ &, ROWCEDOHIESRMHEELHALNCT L E LT,

3—2. KHEEFICKBEIETSRAFvIMNODEEREE

3—2—1. EE&

I) &#
FEERIZHWIZREORRIER Y = 27 L(PET), AU T 27 U =KUY LPANIIEZENZNZNEK 0.1
mm, 0.2 mm OFfHETH Y, RV A I FPNIZERE L5 mm OHFZE4R ZOIENTRRTH D, PRI
IZARY B —HRx— FPC)., T4 12 (NY), KU xF L (PETY), &~ VU T7E&%—/(PAC), ABS, KU Z2F
L(PS). A7 X UBIIEME), 7 = / —/V8HHE(PH), DJIEIZ 1.2 mm, 2.3 mm, 3.4 mm, 2.8 mm, 2.6 mm,
1.0mm, 1.5mm, 80um TH 5,

I) REENH

RIS RIRFE DI EOF AR T 57120, FREIOBERSIT 21T o 72, EBRICITENE B/l
EAMEH L. %10 mg OFE 2 =R K FHEEE 2 Kimin T LBAE BT 21T o 72,

M) KE&IEAH ) 7 LEE

BEBS CIRFBEOEREEMR L= T AF v 7 IZOWTKEEIE D U 7 ARG Z1T > 7-, KOH &
ZEEH U7 SRS I OAERS % Fig. 3-1 1" d, ZEE XRS5 mm O R 7 L AE BRI NICERE L2
HDOT, BERICHAZEATLHZ ENTE D,

FERIZHWE T 7 AF v 7 BHIBREBESN CHEA LD LFRILLDOTH D, TTAF v I % —iE
HQOFFREL, ZHUTKERED Y U AORFKEREIRSG L, +oiSEioilkl e 27 v L 2R —
MI AN TIIEFIZHFRA L, FIREE 2 Kimin, BEREIZ 60 73 ORFF OG0 CIE L7, SR 4 Bas
LTOBIFNRERETHEIESND ETENITITIEREZM L, 5o R Z 78 /K TpHR 7 & 72
L FETHE L, B L TEMER 21572, KOHEIRKIIRIINEIZKOH/ AL 72 2 F » 7t (R) % 0.8



~4 OFAPHT, EIRTFRE (To) 1% 673~873 KOFIPH T S &, 4% OFUBHI T U EHEH DTG MR
DRLEZIT -T2,

V) #FLAE T

AT R D TTK 233U 2 22 580 5 SR IRAR 2 T IR D b 3% i A S OSHIAL o3 A e 2 8 2 L 0 JE L7z,
BoNT-EHREWAESRED BETEICKL Y nEmM AR L=,

V) KZEKIRIE 45 14 S

B L 72 iEMER O 303K 1233 aémﬁFWE$@kﬁﬁkW%Lr% ) 7 AW A ELEE I KD

REVETHE LTz, KEKEARZDOKARIEDOZEILE ZOENHEO LR 725 tﬂ#E@ﬂGﬁ
HIE LaTHE O 2 WA E T \%%%&%1@7—&&Lto
P 50 A
® N,
) X
' o ® 55 ©) r
\ —

N

A

245

A

500(unit mm)

(DElectric furnace @ Stainless tube
@ Stainlessboat X Thermo couple

Fig.3-1 Schematic drawing of the experimental apparatus
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Table 3-1 Yield and water vapor adsorption ability

Raw material Ado.1-035 [kg-kg™] Y[%]
Thermoplastics resin

Polyethylene - 0
Polyester 0.003 15
ABS - 0
Polyacetal - 0
Nylon (NY) - 0
Polystyrene - 0
Polyacrylonitrile (PAN) 0.033 54
Polycarbonate (PC) 0.003 26
Thermosetting resin

Phenol resin (PH) 0.006 59
Polyimide (PI) 0.10 60
Melamine resin (ME) 0.03 15
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Table 3-2 Properties of activated carbons

Sample Ta [K] RIT  Agoross[kg-kg'l  Y[%]  S[m’-g7]
Polyester 673 4 0.05 25 -
773 0.8 0.06 5 120
773 1.6 0.05 15 500
773 3.2 0.20 42 941
773 4 0.12 22 685
873 4 0.05 19 872
Polycarbonate 773 3.2 0.21 60 -
Polyacrylonitrile 773 3.2 0.09 10 -
Nylon 773 3.2 0.12 6 -
Polyimide 773 3.2 0.17 40 -
Phenol resin 773 3.2 0.18 45 -

Silica gel 0.10 650
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Table3-3 Capability of activated carbons for silica gel

Sample Agooss [kg-kg'] palkg m®]  AderossX palkg-m]
Polyester 0.20 290 59
Polycarbonate 0.21 700 150
Silica gel 0.10 770 77
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Fig. 3-5 Water vapor adsorption isotherms for activated thermoplastic resins at 303 K (Activation condition:
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Fig. 3-6 Water vapor adsorption isotherms for activated thermosetting resins at 303 K (Activation condition:
R=3.2, T.=773 [K])
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Fig. 3-7 Water vapor adsorption isotherms for activated PET at 303 K (T,=773 [K])
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Fig. 3-8 Water vapor adsorption isotherms for activated PET at 303 K (R=4)
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Table 3-4 Properties of activated carbon from polycarbonate activated by KOH

sample ty Ta R Heating rate AQo1-035 \4

[hr] [K] [-] [K/min] [kg/kg] [%]
52000 1 450 3.2 2 0.11 70.2
52000 1 773 3.2 2 0.14 69.3
S2000 1 773 6.0 2 0.16 41.8
S2000 6 773 3.2 2 0.21 63.3
S2000 1 873 3.2 2 0.16 52.1
S2000 1 973 3.2 2 0.06 41.2
S2000 1 1073 3.2 2 0.03 42.7
S2000 1 1173 3.2 2 0.01 41.0
51000 1 773 3.2 2 0.15 68.2
51000 1 973 3.2 2 0.04 51.5
S3000 1 773 3.2 2 0.11 54.1
S3000 1 773 6.0 2 0.16 32.8
S3000 1 973 3.2 2 0.04 27.3
Silica gel 0.10

Table 3-5 Properties of activated carbons from polycarbonate activated by NaOH

sample ta Ta R Heating rate A0o1-035 Y

[hr] [K] [-] [K/min] [kg/kg] [%]
$2000 1 773 3.2 2 0.15 61.3
$2000 3 773 3.2 2 0.19 60.9
$2000 4 773 3.2 2 0.09 52.2
S2000 6 773 3.2 2 0.11 51.5
S2000 6 873 3.2 2 0.01 36.5
S2000 6 773 4.0 2 0.11 52.3
S2000 10 773 3.2 2 0.11 48.9
S3000 6 773 3.2 2 0.11 53.2
S1000 6 773 3.2 2 0.11 53.9
Silica gel 0.10
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Fig. 3-9 Adsorption isotherms of water vapor at 303 K on carbons activated with
KOH from polycarbonate (R=3.2, T,=773 K, t;=1 hr)
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Fig. 3-10 Adsorption isotherms of water vapor at 303 K on carbons activated with
KOH from S3000 (T,=773 K, t,=1 hr)
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NaOH from polycarbonate (R=3.2, T,=773 K, t;=6 hr)
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Fig. 3-13 Adsorption isotherms of water vapor on carbons activated with KOH
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Fig. 3-14 Adsorption isotherms of water vapor on carbons activated with NaOH

from polycarbonate (R=3.2, t,=6 hr)
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Nomenclature

P = pressure [kPa]
q = adsorbed amount [kg-kg™]
Aq = differential adsorbed amount [kg-kg™]
= weight ratio of KOH or NaOH to raw material [-1
= temperature [K]

= activation temperature [K]



ta = holding time at T, [hr]

W/W, = weight ratio of carbonized material to raw material [-1
Y = yield [%6]
¢ = relative water vapor pressure [-]
o = time [s]
Pa = appearance density [kg-m™]
<Subscript>

0.1-035 = relative pressure region from ¢=0.1 to ¢=0.35

e = equilibrium

w = water vapor
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Fig. 4-1 Adsorption isotherms of water vapor on activated carbons oxidized with HNO; (303K)
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Fig. 4-4 Adsorption isotherms of water vapor on activated carbons oxidized with HNO; (303K)
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Fig. 4-5 Adsorption equilibria of water vapor at 303 K on activated carbons oxidized with HNO3

Zoomed at lower relative pressure range of Fig. 4-4



Table 4-1 Properties of activated carbon oxidized

Sample: to C A0o1-035
HNO; oxidation [h] [mol/l] [kg/kg]
NaOH activation: 6h — — 0.11
NaOH activation: 6h 12 13 0.24
NaOH activation: 6h 24 1 0.18
NaOH activation: 6h 24 13 0.27
NaOH activation: 10h — — 0.11
NaOH activation: 10h 24 13 0.30
Silica gel 0.10

4—4. FEH

NaOH JVEEIC K 0 15 BV iEME RT3 LR EEA LB 2 i3~ 2 & 1T L v . AHP i FHEHIZ 31T 57K
RERMAEREDOR EA XD Z E2HE LT LSRR, LT A 2157,
t,=10 OIEMESIT 13mol/I D fifE TR F 24 FEHLEE L 7= 385 M5 13 A 00105501743 0.30kglkg T ) 7
TIOR3 5L 70 BLIRER Tl e 2 & DIEMER OBLEIZR ) LTz,

PHMRAL B IR RE 3 e < . ALBREIH] 28 R\ ME &SRR MBS =R~ B L 72,

179 L 2ROWAEENBDT 5,

Nomenclature

C = concentration of nitric acid
q = adsorbed amount
Aq = differential adsorbed amount

= weight ratio of KOH or NaOH to raw material

Ta = activation temperature

ta = holding time at T,

to = time for oxidation treatment
1/ = relative water vapor pressure

<Subscript>
0.1-035 = relative pressure region from ¢=0.1 to ¢=0.35
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