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Abstract: Interdisciplinary research was conducted between sewage sludge reclamation and adsorption refrigeration. Pore structure
regulation was investigated using sewage sludge as the main carbon precursor, and effects of KOH-catalytic carbonization and
phosphoric-acid catalytic activation were clarified. And four new types of sludge-based activated carbons (WNC-4/3/2/1) were
prepared by innovative procedure. Performances in terms of adsorption/desorption capacities, refrigerating capacities and
refrigerating power were conducted, based on WNC-methanol adsorption refrigeration working pair. Results suggested that the
impregnation process of KOH and phosphoric acid resulted in increasing of microporous and mesoporous structures, respectively.
Especially, total-, micro- and meso-porous volumes of the new carbon WNC-4 researched to 0.6960, 0.1641 and 0.5319cm’/g,
respectively, which was prepared by combined catalysis of KOH and phosphoric acid. The correlation analysis between the specific
surface area/pore structure distribution and O; " showed that degree of mesoporous volumes have the most significant correlation with
methanol adsorption capacity (R>> 0.90). The maximum adsorption capacity (O, calculated by Langmuir adsorption isotherm
model (R’=0.9939) reached to 552.67+23.83mg/g. The equilibrium adsorption and desorption capacities within 40min obtained by
Sokoda-Suzuki equation were (372.94+9.504) and (412.55+ 8.309) mg/g, respectively. The desorption capacity, refrigerating capacity
and power reached to (327.95410.56)mg/g, (299.55+7.87)kJ/kg and (599.10+8.15) kJ/(kg'h), respectively, under 100°C of
desorption temperature.
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Table 1 Physical and chemical characteristics of sewage

sludge
RS Bl FESH Bl
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Fig.1 Preparation method of sewage sludge—based activated carbons
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Fig.2 Pilot plant for activated carbon preparation
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Fig.3 Experimental apparatus for adsorption/desorption

characteristics of activated carbon and methanol
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Table 2 Pore structure distribution and surface physico—chemical properties of carbons

VYRR

B

WNC-4 WNC-3 WNC-2 WNC-1
LR Sper(m™/g) 1011.09 990.87 841.22 713.65
BALER Vi(em’/g) 0.6960 0.5425 0.4579 0.3877
AL Vii(em®/g) 0.1641 0.1214 0.2716 0.1327
HFLAT Vines(cm’/g) 0.5319 0.4211 0.1863 0.2550
BJH-V,4(cm’/g) 0.3931 0.3213 0.1555 0.1807
BJH-Ve(cm®/g) 0.3976 0.3297 0.1632 0.1852
D(A) (4V/A by BET) 22.987 21.901 21.773 21.728
D(A) (4V/A-BJH adsorption) 34.149 29.980 40.734 34.549
D(A) (4V/A-BJH desorption) 33.458 29.297 37.971 33.826
Ja 6.21+0.15 6.82+0.11 4.68+0.12 3.11£0.09
AR fe 4 (mmol/g) 5528 4.14+0.13 4.7240.06 4.27+0.11 3.07+0.11
P I 0.32+0.08 0.40+0.03 0.16+0.06 0.14+0.04
g P FE [ (mmol/g) 5.22+0.09 4.36x0.14 8.25+0.16 3.68+0.10
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221 WESARMRZ0EEE K S@nrar,
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I IS 2 40min s 0 RV FRY AR A AAR IR R 2 4 il ik
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B SKo W B 1) 5 UK B ) Sokoda—Suzuki 3 /)
O RRLA R AN R A R KT 0.98. ik 4
17, BT+ Sokoda—Suzuki 3 ) =LA i 21145 1 F
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Fig.5 Variation characteristics of adsorption capacities for

methanol vapor
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Ak 232 8 A B P I () 2 35min B, WNC-4 Al
WNC-3 (15 B R A 6 B (BB 6L 903l
) WNC-4(98.43%. 354.85mg/g)>WNC-3(97.50%-
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1(78.32%- 146.07mg/g). & T~ I, A S J5 SE ARG I i
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Table 3  Adsorption rate constants of methanol vapor

RE R oF k
(mg/e) (min)
WNC-1 0.9871 208.84+16.69 0.05967+0.01202
WNC-2 0.9907 307.06+24.31 0.05278+0.01135
WNC-3 0.9959 335.594+8.687 0.07813+0.00669
WNC-4 0.9948 372.944+9.504 0.08558+0.00764

W Ah, 28 3k 28 2 (3) T A5 I A AN [) 288 28 35
B2 (K9 BLZ B (15Dso/R,) U 45 45 e 8 W]
WNC-4(189.18+34.18)s '>WNC-3(153.45+19.57)

s '>WNC-2(89.12444.52)s '>WNC-1(29.65+18.56)
s LA LR I WNC—4 R WNC-3 & ind g
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(1 5 41 B 2 A T, AT A2 1E T JLAE U B #1381 (Smin)
(1 W P e ke 3 48 o L L & P FL R BT (A
& PR TS 482 R ISR 1 W B TR B
FHHALEBR AT, PSR WNC-4
WNC-3 F4LIE P 3™ 0% % (15 Do/ Ry ), W M it
Tt B 2R AR Bl 2 T .

2.3 P AARL B/ A IR A5 e A

2.3.1 WLIH/MEARR L R 6 nI % B AN R

FI(PIP) I T 15, 35 35 T e Yo P I /<A 10 R Bt 34

BT PIP, KT 0.25 B W Bk TR

S EEAF 4 SE R B £ 1Y) Langmuir S5 i A% A

PLE R AN RZBII KT 0.99. 01 4 Fros,FET

Langmuir 75 F& o &5 1 5 KW & (L) I h

WNC-4(552.67+ 23.83)mg/g>WNC-3(411.37+ 10.08)
mg/g>WNC-2(343.5245.909) mg/g>WNC-1 (283.71+
6.543) mg/g.

F4 IERMFREUMS

Table 4 Fitting of working pairs adsorption isotherms

Langmuir 275250

R 0O, (mg/g) Ky c
WNC-1 0.9930 283.71+6.543 89.43+34.12 -0.3732+0.1024
WNC-2 0.9969 343.52+5.909 51.65+10.99 -0.259+0.0564
WNC-3 0.9958 411.37+10.08 31.18+7.568 -0.072+0.0598
WNC—4 0.9939 552.67+23.83  16.88+5.066 0.0227+0.0709
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Fig.6  Adsorption isotherm of methanol vapor
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Fig.7 Variation characteristics of adsorption—desorption capacities for methanol vapor

*5 WMMIBRMEBARME. S22 REETIE
Table 5 Desorption capacities, refrigerating capacities and

cooling efficiencies of adsorption working pairs

3 #ig
3.1 LA BUEM TS U6 (75%) FIRR 55 (25%) A TR &5 2

T AL R O AT O A T2 Ny
(mg/g) (kI/kg) (kJ/kg'h)

WNC-1- 140.55+1.53 128.38+1.39 256.77£2.79
WNC-2-Ff 175.51£3.26 160.32+2.98 320.64+5.96
WNC-3-HIE  246.18+2.27 224.87+2.07 449.75+4.15

WNC-4-HIf ~ 308.45+8.84 281.75+8.07 563.50£16.15

LA WNC—4 A WFFE0 5, G A1 AR BRIt B
TR AR AT R R B/ B 58 A v RE A B E P

GEvt BT 45 (B (b)) R B2 70 AR - it
B Ik W B R ) B B B R O ik 3 (328.81+
10.74)mg/g, % I8 [ VA 5 RV Th R (1 AR 403 A
(300.34+9.81)kJ/kg H1(600.68+19.62)kJ/(kg'h).

E IR/ IR 4 7er N - B B i i3
ILKOH A e Ak A R i A & A ek R o3 A gk T
AL LA AR 4T

3.2 4 KOH R IR & i, WNC—4 (1)L
T LA B E AT IR EE T — 8 L AR
LB EHE N AGAE 20~90A F1 120~420A JH )
FLEE IR X

3.3 EIX WNC-4,3E T Sokoda—Suzuki 5 il 5 H
TSP 267 W B by (372.9449.50)mg/g), W i 3 5 5 %
47 (0.08558+0.00764)min 100 °C I, it B B 1] Ky
35min I, FEEBE P 26 (5E) 0 98.43%(354.85mg/g). 2k
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R 41 %

T Langmuir 75 F2 71 5% (%) 35 K W2 B 5 (0L b
(552.67423.83)mg/g.

3.4 WEREmB. [LABUKFES O MM IR,
Herp Sppr AP FLABUKOT (e PEARSCTE REUR) 43
HIIEE] 0.9156 F1 0.9001.H ¢ 4 ThI FR 11 K Bk ek 35t 4]
R O L MERISEE A B 35 (R7<0.60).

3.5  JRBHEEN 100°C I, WNC-4-W it 14 R 48
T BT B B A R A T & 5 ik
F] (328.81£10.74)mg/g « (300.34+9.81)kI/kg H
(600.68+19.62)kJ/(kg-h).
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