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Effect of Pore Structure Distribution on Adsorption Refrigeration with
Activated Carbon-Methanol Working Pair

Gong Xujin Dong Yuqi

(School of Energy and Civil Engineering, Harbin University of Commerce, Harbin, 150028, China)

Abstract Pore structure in-situ-regulation of activated carbons for adsorption refrigeration is conducted via an innovative procedure invol-
ving precursor blending, catalytic carbonization, CO, oxidation, and multi-step activation. New carbon higher total pore volume( GHUM )
simultaneously realized well-developed mesopores (0. 881 9 em’/g) and micropores (0.295 5 em’/g) with a high total volume (1. 177 4
em’/g) . After depth-activation in SX-100, higher volume of mesopores (1. 183 2 em®/g) was observed with higher total volume (1. 183 2
em’/g) . The effects of pore structure distribution regulation on the adsorption/desorption and refrigeration efficiency of activated carbon-
methanol working pairs were examined and compared with those on microporous carbon GDWK-02. The results indicated that condensation
and diffusion of refrigerants can be well-promoted by carbons with simultaneously well-developed mesopores and micropores with GHUM.
Adsorption and desorption capacities of GHUM for methanol were (368.04+4.64) mg/g and (375.92+7.38) mg/g, respectively. Fur-
thermore, GHUM (299. 32+123. 16) realized higher surface diffusion coefficient ( 15D>_0/Rp2) than SX-100 (242. 18+149.33) and GD-
WK-02 (0.338 7+0. 125). When the desorption temperature was 100 °C, the temperature difference of heat exchange in GHUM type ad-
sorption bed was as high as 50 °C. Hence, the average temperature of refrigeration room was maintained at (23+1) “C. Furthermore, the
system reached a refrigeration capacity (286. 12 kJ/kg) and refrigeration power (357. 65 kJ/ (kg + h) ) that can maintain the indoor con-
stant temperature of the cooling air-conditioning system in summer and exhibit good heat transfer and refrigeration performance.

Keywords adsorption refrigeration ;adsorption working pair;activated carbon-methanol ; pore structure distribution ; refrigeration perform-
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Fig.1 Pore structure regulation procedure of activated carbons

1) % 28 Al AP e e g 78 . 16 FH OE I K VG I 0 A
(35% ) FIRHTICHRIIE (40% ) AT LU TR & e B
&I ik 200 H i ; 2 TR AR A 200 H g #R5E
IR (20%) FIIH (5%) s F iR G R FEHR S)JG, &
T %45 41 (200 ~ 300 Pa) JEH A 4% 5 0%
PEZ 5~20 mm AYRERRIR . 2) KOH fi b Ab . ¥ He bk
WHERHE 10% 19 KOH ¥ K Hhi 15t 60 min; 77K 53 25
IS RIEHE IS (90 °C) 78 N, PRIPERE T #EAT %
b, RALTHE K 5 °C/min, ALK IR H 550 C 1
JRBTEI A 30 min, 3) CO, &l E bt A2 . bl e
FH €O, M, P4 2 PR & 450 C #E4T CO, 11k 20
min, 4) H;PO, TG AL K20 58 3) B W 7E 10%
H, PO, ¥ HIZ 3 60 min; 5K A3 B 5 B T4 41 3%
e, BL1S C/min 59 T L3 2R 2 T 2 900
C; VAR E N 1.2 mL/ (h-g) BIKZEEATIG AL, (R IR
BFRIA 120 min, S) 76 AL J5 19 B¢ A Ak 48 20 ¥ Tk AL
T, Fric GHMU,

ARSI 28 0 5 — i B i SX-100 B il 4 1 F 2
FE GHUM BYJERS L, 38 IR BE 06 fh i 72 . Ak SR 48 T I
FLIREE 2 980 °C ,f#i ] 0.6 mL/(h-g) HY/KZEIH AL
20 min J7, 13 ] SX-100, R FH sk L Y 5 % 14 ok
GDWK-02( T H #4118 MR S it

TGP i (9 L 45 #4234 5 R ASAP2020
(84 9 BN A AT AR AR, 5 T R0 B - IOt B 2 iR 2k
1 t-Plot , Brunaure-Emmet-Teller ( BET) | Barrette-Joy-
ner-Halenda ( BJH) 1 Horvath-Kawazoe ( H-K ) 2545 Y |
X P AR i (LA R B R I B T A
1. 2 R B =X il o T2 SR Xt Mg Bt/ i Bt 43 14 SR AAE
1.2.1 W B/ R Bt £ B0 E 77 7

WA 86,7 0 A P 2 TP A1 B A 2 T B %o RE I
HEFEAR A SCRIUA 2 7 7707 A 5 Bl A% 5 1 1 B/
J05E B 0 2 ) 9 A - P T JBK 1 A R/ M5
BihE R R

W 2 firas M0 AR G 32l W R TR 28 R
i LA A R LS R I A 2E R, R B R el AR
110 mm F ARG H R EE &4 530 mm, BRI
FEE R 280 mm, IR NTRBCE A 9 HEE 7 WK
RN EB i B A U BE PR K B% (DN20) | 3 1% B 4
(DN20) FIEff& A (DN15) WAL 28 K A A AU R
71300 mL, & EFEH 0~1 000 mL, RGLfHE %S
K OLF750AF — 4 FL75 %,

WA 86K, 6 e ST 240 55 o A I B AR 4 4 A ok
FE, LR L IRANE .

1) HEZS S AR <K R 00 A e SR 2 WG AR, P

— 49 —



F4E FS5H
2020 £ 10 A

LR

Journal of Refrigeration

Vol. 41,No. 5
October, 2020

2 AL RE W B R IR B/ B B E SRR E

Fig.2 Experimental devicefor measuring the adsorption/

desorption amount of adsorbent by liquid level method
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Fig.3 Adsorption refrigeration system
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RIRIAL RN L A5 #0 & T, 76 B w5 W R 3 32 1Y [+
B, BT R B AE FLIE P P BB ), e B o
T P R B Ot B
2.2.2 FBESHERRENT ERENE

I 2. 2. 1 W5 T T AT, FLEERA) oA Xof R o 3 %
(RS S8 T AE LATE I KR 5 i, % 1 3R AE Y B
SUARTETEE R R Y RN S8 E HiE R E.

& 3 W =CH1S TR ST B W B/ 5t R 22

Tab.3 Adsorption/desorption rate constants of adsorption refrigerant working pairs

(1) =Q" - (Q" - Qe

VA Sokoda-Suzuki ( " ff}) Sokoda-Suzuki ( [t )
R’ Q" /(mg/g) Ex107/s7! R’ Q" /(mg/g) Ex107/s™!
GHUM 0.996 4 368. 04+4. 64 21.2+1.27 0.990 7 375.92+7. 38 24.1%2. 57
SX-100 0.996 5 333. 50+4. 38 24.9+1.32 0.991 6 344.49+7. 33 20.8+2. 19
GDWK-02 0.985 9 290. 83+3. 74 65.8=7. 14 0.997 4 316.43£4.22 24.0+1.43
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F. Passos % RIS H(H (15D, /R > =17.35%107
s E/R=978 K) ., {BAEAMNFE H A, A [F] 2 A%
PEIR I LIRS0 TR, E— 20 W T AN ]I
JE ST F B SRR S R T A HORE T s
TEAN (] W BRI EE T %) W B 33 3 B ke R Al B T
FE(5)THESE 15D, /R,* FE,/R; L5 W %
TRk BA 2R 7R B & S50 5l an 15
6 FlI 4 7w,

0014,
0.0121 X\ - SX4100
0010k N + GDWK-02
D 0008]  Nig
= 0.006}
0.004}
0.002}
0 1 L )
3.00 3.24 3.48
(1310 /7 K

B 6 iBE S WRMEREL kA Lk
Fig.6 Fitting curves of temperature and adsorption

rate constant k

R4 REYHABUESH

Tab.4 Surface diffusion coefficient fitting parameters

15D, -,

e RT

S 2>
HFEGi S R,
R* (15D, /R}?)/s™

(E,/R)/K

GHUM 0.9956 299.32+123.16 3 562.58+10. 55
SX-100 0.989 7 242.18+149.33 3 456.40+210. 32
GDWK-02  0.9611 0.338 7+0.125 1 208.56+120. 67

2R 6 AN 4TI IR ELE X g B 3R A

Fe BRI A O Jb 2 33X 5 T e 3R T 40 1 TR R Y AR
A —2, JrAR(S) Xt 3 P - FH T X 1) 4B
HEHRT 0.95; Hrp LT HIEG &R 117 S5
15D, /R * BT : GHUM ((299.32+123.16) s7')
> SX-100 ((242.18 + 149.33) s™') > GDWK-02
((0.338 7+0.125) s™') . XF N A% R 1§ 5G4 g
E/RITH 45 R KW, b fL 45 & B GHUM
((3562.58+10.55) K) fl SX-100 ( (3 456.40 =
210.32) K) R MY BUGLEEIEE, R Em T
GDWK-02( (1 208.56+120.67) K) .

LRGSR, 3 FE PR XTI Y 15D /R, T
E/R BEAR, HBAE L LB GHUM Fl SX-
100 @R B & |, R Lo A 7E R 4 e
R LT DS BIT 17 1 A %ok H Tt A A 23
AT EE TR b3 AT e B i i 4 | 72 ik, SRR
ZEMBIOU_L 53 H H B 3 1 e L ) SR TR R B H
Bk, WIEHAS 15D /R ? B E /R TSRS
O A SCHRRIE 12 % (8 Z R A AE W 22 5 DR, XoF
T ARSI B 356 e 07 224 30 o S 5 O X B
R WARBEENSD, /R W, LIS/ TR,
2.2.3 FHAEMR-FEIRMKMERENS

FEXT I P e Yo HEY P2 2 864/ 36 BFF 382 23 4 AT % [ B
FF Langmuir J7 2 (3 3) il D-A 72 (38 4) 505140
BT R - A W B AR L S B g s P
7N o Langmuir FrRENT 3 FpiE e T LA R 1Y
KTF 0.99; - fi7 % Fff & GHUM ((678.72+27.87)
mg/g) >SX-100 ( (530.59+20.55) mg/g) >GDWK-02
((412.72+4.922) mg/g) ., D-A JFHEXF 3 Fh ik Mo
TR LA B R YK T 0. 98 i W fff 5 GHUM
((520.13+31.17) mg/g) >SX-100( (462.85+19.26)
mg/g) >GDWK-02( (364. 78+8.69) mg/g) .

RS IFRMMZFREWE

Tab.5 Fitting of working pairs adsorption isotherms

Langmuir D-A
V0]
R Oy /(mg/g) R Qp.s/ (mg/g)
GHUM-H i 0.996 0 678.72+27. 87 0.987 4 520.13+31. 17
SX-100-H1 it 0.997 5 530. 59+20. 55 0.990 2 462.85+19. 26
GDWK-02-H i 0.991 5 412.72+4.922 0.992 3 364. 78+8. 69

LIREERE S W Sh F A e R ALE R o A
X {18 P4 25 - F TSR0 F - A R B B i e 2, AL
LR ) T A0 BRE SR A A AR A0 ST R 494 g ]
HOMeAE (AL A AR 23 A1 BRI 1 48 ¥4 500 £ £ L P A 37 R

AR, 3 AL R GDWK-02 114 - 7657 W J 5 I AN 3
R FLES R SR PR i R R 5 RS 1) h FLAS FA 25 B Y 1
Jin(GHUM Fil SX-100) 55 ~F-fi W i 2t 1EAH G, FLiE S
PRI R XS A7 R RS 1 R T R R A ; T GUHM. Jip
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HA R0 B2 ik () AL B AL A AR 256 T AL
BANEER A IR 42 5 1 FLaE 1BOd 2 fe 177
i B A — 25
2. 3 FREYE MR- P B R B PR A 7 i M S0 A
WL 3 TR S, X GHUM-H B A SX-
100- FFE T 50 X £ MR R ) 4 R Ak SE AT 5 X b A3
B T R R GRS 18 AT i A R R
R T4 2 P Y4 T BE e 8 R AR AR P A 2 1k
P 7 (a) FIH1, 24 GHUM-FF BN B2 104 2 ¢ 00— 30 40 30 <0

FREIBAT— A 60 min B, B R 1 ZEHT 30 min 4 fit ] /min

BTV HI RS | SEITUR B DR 1 e o0 1 80 C @GWM$%3§ﬁ%ﬁfﬁ§
i 30 T LB D 2 A0 TR S . TR g
SRR PR 2 rfta i BE iy 30 °C TH22 82,3 °C, R 5E o %ﬁ%%%ﬁ%

o R

Mo AIVAH Y, WRAERT 15 min NIREE FFHHRIT 5

BRI, 20~ 30 min P4 95 FR I6LEE S TR | Lk o

PR AR B TR L3RG | B4 PR o O0r

5 FAIR R 2 T 9 PSR B 7 1 P B R AT 20T

TE LR TUUR 17 5V H IR B K e B3 T VL 43 CA0F

AEFTE(2321) CHI(1721) C, RWZERGET L 308,y 00py 00t dPS0eesod 0 g b ooy

i S 2 6 XL 2 9 R e e T 4k 4 5 A R 11 20 L e o4

ke ) n N JNE LI
& 7(b) A1, SX-100- 1 BEM if = 61 R 4tz i} /8] /min

75 GHUM-H B B 20 4 RGBT AR, Ik (b) SX-100- FF BEIE A7 15 BEAS 1 £

BRFDR 1 75 VA IR BFPIR 25 s H 00 MBS 80 °C [ & 35 7 SRR M 2

°C, WK 2 78 nFR e ok 25 i o0 R /i 30 ¢ T Fig.7 Characteristic curve of temperature

£76.6 °C., Pad I 25 K o R0 I I 0 I R AR

GHUM- B B R 255 BT/, W) SX-100-F0 i FFEATHIRAVEDR,

U P 50 AR 2 T B 9 T GHUM- Y FEARRLTOLF RAS6) 55 i GHUM-H
BRI Y PR R AN K A R g TN 0 SX-100- TR T XS 9 7% £t Bl A%
(2421.5) CHI(18£1.5) C, KW SX-100-F gy B ISASRIIR 6 s, Sl el — i i
IS RGN A KSR T LRI IR, GHUM-F T 50 Y i v 5 A il

2 6 TR Bt T Bt B % M BE

Tab.6 Refrigeration performance of adsorption working pairs

GHUM-H % SX-100- H i
WA RE Y& s TR] : - i - )
C ' /h PR o B v A T & PR B RS- A TR
ad
0/(mg/g)  Q./(kl’kg) N,/ (kJ/(kg-h)) 0/(mg/g) Q../(kl/kg)  N,./(kJ/(kg-h))

100 0.8 396 286. 12 357. 65 358 258. 67 323.33
90 0.9 411 296. 96 329.96 321 231.93 257.70
85 0.9 337 243.49 270. 55 308 222.54 247.27
30 1.0 372 268.78 268. 78 352 254.33 254.33
70 1.0 353 255.05 255.05 342 247. 11 247. 11

WL IEIR R (28+2) C,
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BB T SX-100-H B T4, B8 B
100 °C, il ¥ i 1] 4 0. 8 h B, GHUM-H i T Ji X )
A B K A T 43 Bk 286. 12 kI/kg 1 357. 65
kJ/ (kg+h) ; SX-100-F B T 5% 0 il v B il v Th =
J39 K 258. 67 kJ/kg F1323.33 kJ/(kg-h) , KL, 78
SIS ST 20, GHUM- P T 5 %k 5% B i o 1
IV RERL

3 &t

1) FE A PR it T2 B i 25 T il & T =
AL AN FLES A 2 A B9 GHUM Al SX-100 775 1
5 W B i B e 52 6 25 SR 36 B . GHUML 19 1% Fff 5 oy
(368.04+4.64) mg/g, I Bt &t 2 (375.92+7.38)
mg/g RMY B RE 15D, /R,> 9 299.32+123. 16,
S5 GHUM B3 14 i EL A AR G 1 5 2R R 1
PRI, Xof P Pt %) W52 867 33t AT v 5L A 205 R 2 o o PR
FIR) TR o 3 55

2) 2 R o A 2R 4 S 00 2k N T GHUM-
BRI SX-100-H B T 5T X R G FE A 2 217 60 min
P PERE . GHUM-H BEI B RAEHT 30 min P H
DAERGRZE AT IE 50 °C T B 26 o /R J A R A I
HERE R ARG, V8 2 P BIR R ETE (23 1)
C, & B GHUM-H B B R BA B hF i 3R 7, HL
FRGE R N B AT ISR A M I R

3) ZEBEMHEE & 100 °C , Hl¥& A1 R 0.8 h A,
GHUM-H B3k 21) fz K il v 12 (286. 12 kl/kg) Fl il 1%
32 (357. 65 kJ/ (kg-h) ) =i T SX-100- FI Pt ik 21 (4 fie
K ¥ (258.67 ki/kg) A & B R (323.33
kJ/(kg-h) ), HIRRCR I 4, I, GHUM AY3E M 7
{14 1 B P Ay i 5 W o 2l 2 A A e i 42 e W I 551 7
RS |

RSO I TTAR Bl AR o 2 BT AR R A A B SR
XI5 H (UNPYSCT-2018131) ¢y, (The project was supported
by the Young Innovative Talents Training Program of Heilongjiang
Regular Undergraduate Institutions of Higher Learning ( No. UN-
PYSCT-2018131).)
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