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The Relationship Between Pore Size Distribution and Adsorption Properties
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Abstract : The influences of phosphoric acid method activation temperature, phosphoric acid concentration and impregnation ratio
on adsorption performance of cumaru activated carbon were investigated by using the processing the residue of hardwood cumaru
as a raw material. Structural analysis of activated carbon was analyzed by N, adsorption-desorption isotherm, and the structure-
activity relationship between the effective pore volume and the liquid phase adsorption results (iodine adsorption value, methylene
blue adsorption value and caramel decolorization rate) were calculated according to the adsorption theory and DFT pore size
distribution map. The results showed that the synthesized activated carbon exhibited excellent adsorption properties and pore
structure under the conditions of 60% phosphoric acid solution, the impregnation ratio of phosphoric acid to cumaru 3:1(mL:g),

the activation temperature of 500 °C and the activation time of 120 min. Iis iodine value, methylene blue value, caramel decolorization,
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specific surface area, and total pore volume were 841 mg/g, 270 mg/g, 120% , 1 516 m’/g and 1. 145 ¢m’/g, respectively. These
properties were comprehensively superior to those of the activated carbon prepared from the residues of soft wood fir. The
corresponding pore volume of different pore size distributions was calculated for cumaru activated carbon using the Density
Functional Theory( DFT). After theoretical analysis and fitting calculation, it was found that there was a good linear relationship
between iodine adsorption value and pore volume with pore diameter of 1.0 —2.7 nm, between methylene blue adsorption value
and pore volume with pore diameter of 1.7 —5. 0 nm, and between caramel decolorization rate and pore volume with pore
diameter of 2. 7 = 6. 3 nm. These results indicated a good degree of association (R> > 0. 95) between the pore structure
distribution of activated carbon and its liquid phase adsorbing performance.

Key word : cumaru ; phosphoric acid activated carbon ;pore size distribution ;liquid phase adsorption;linear fitting
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Table 1 Elemental and proximate analysis of raw materials

TEE M element analysisl ) /% Tolksr#r proximate analysisZ) /%
B
cample . , . o Ko o ERS EEM
moisture ash volatile fixed carbon
XA cumaru 50.92 6.35 — 42.73 0.78 0.48 81.21 17.53
A fir 50.63 6.49 — 42.88 1.31 0.76 81.35 16.58

1) = 22083155 caleulation by subtraction;2) JR> 5253 | [ E Bl T HETHE ash, volatile and fixed carbon calculated on dry basis
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Fig.1 N, adsorption-desorption isotherms(a) and DFT pore size distributions(b) of

the activated carbon prepared from different raw materials
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Table 3 Structure - activity relationships between the effective pore volume of cumaru activated carbon and

its iodine value, methylene blue value, and caramel decolorization

Tl TR o £ 43 45/ % WU A/ (mgeg =) Vio 2.7/ W H LR HE/ (mg-g ") Viiros.0/ FEMEI (0,5 % Vag-63/

phosphoric acid mass fraction iodine value (em? -g" ) methylene blue value  (cm? -g“ ) caramel decolorization rate ( cm? 'g_l )
40 806 0.3114 225 0.309 5 30 0.211 8
48 814 0.328 2 240 0.348 4 90 0.246 0
50 850 0.410 5 262.5 0.421 4 110 0.293 5
60 841 0.396 3 270 0.471 4 120 0.362 1
70 835 0.394 9 277.5 0.462 5 115 0.328 4
j: N
3 45

3.1 LUBE AR S UML) A o JEURE , LA RIS R SV P 366 5 5 RO B B 8 €0 3R R PR REFR b, %8806 1k
TELPE Tt LA IR S5 12k 43 50K T o 08 2 o R A R A S i 45 SR T« 0 P v e JRRBL Y% 42 o 1) s A 1
T2 IR B B 60% 2 HE 301 JHALIEEE 500 °C JHALIHE] 120 min, BLAHETR, J8 KURLTE 1
ST FHE K 841 mg/ g, I FH L5 W B Ky 270 me/g, FEME AR K 120% |, LR TN 1 516 m*/g,
SALBEBUR 1,145 em’ /g BT AR S0 N R A ARAZ A 55 0930 M

3.2 RIS AT DET FLAR 20 A3 P, X6 e IXUREL T P 2 A FLAR 43 A -5 4 E W BRI E AT HL A3 T 3
2B R0 . I R TS M R B B 55 1.0 ~2. 7 nm AL I BB IR HE S 1.7 ~5.0 nm BUFLE
AR5 2.7 ~6.3 nm MFLAFLZ MR TRGFZME LR R (EH KT 0.95,

Sk

(1S IR TR PSR A B OB BT TEERIR [T ] Mo™ ke 5 Tk, 2017,37 (1) :1-13.
JIANG J C,SUN K. Review on preparation technology activated carbon and its application[ J]. Chemistry and Industry of Forest Products,
2017,37(1) :1-13.

[2]WANG J,NIE P,DING B, et al. Biomass derived carbon for energy storage devices[J]. Journal of Materials Chemistry A,2017,5(6) ;2411-2428.

[3)ER, KEAS,ZAEE, 5. G AL -KOH 15 ALl 25 A 52 TR 14 e SO XS R BRI M AR [ 0] . AL TR R ,2020,48 (3) :207-212.
WANG C,ZHANG Y Q,LI Z J,et al. Preparation of apricot shell AC by microwave pyrolysis-KOH activation and absorption of methyl orange
[J]. New Chemical Materials,2020,48(3) :207-212.

(4)5BRIZE, i &, W1/, 45 SRR Aol A SR se s e bl [ 1) Mol TAE224E,2020,5(6) :106-113.
GUO G J,MA X S,HU X J, et al. Preparation of the activated carbon from macadamia shell by zinc chloride activation[ J]. Journal of Forestry
Engineering,2020,5(6) :106-113.

(S VRS , 5 3 1, VPR, 4. BERTE EORREFT RGPSl o BOLRAE[T]. AR RALE TAE ,2022,56 (1) :1-6.
XU R T,LU X C,XU W,et al. Preparation and characterization of corn straw based activated carbon by phosphoric activation[ J]. Biomass
Chemical Engineering,2022,56(1) :1-6.

[6 ] Ze Rk, BT Ao il £ 15 P 5 20l (1) — BRI FIFLEE [ D] Mo (b2 5 Tk, 2017,37(3) :1-9.

ZUO S L. Review on phosphoric acid activation for preparation of activated carbon (1) ;Roles of phosphoric acid[ J]. Chemistry and Industry of



56 LS A T N4 LAERE

Forest Products,2017,37(3) :1-9.
(719Nt  skmiF e fe 45, T il A D vk OB R SEa IR [ J]. Ak 5 44 T ,2016,33(3) :5-8.
SUN L. M,ZHANG L P,XUE J H, et al. Research progress on preparation methods and applications of activated carbon[ J]. Chemistry and
Bioengineering,2016,33(3) ;5-8.
(81590, F 1A, IAE, 4. BRI AL REAT A cpFLIGPERC BRI SE [ J]. M2 5 Tl 2013 ,33(4) :43-47.
LU X C, JIANG J C,SUN K, et al. Preparation of mesoporous activated carbon from rice straw using phosphoric acid[ J]. Chemistry and
Industry of Forest Products,2013,33(4) :43-47.
(9 # &I, MRS S 0 HFR [ M. deat 2 Tolk i it ,2017.
JIANG J C. Activated Carbon Manufacturing and Application Technology[ M]. Beijing: Chemical Industry Press,2017.
[ 10 ] 5REKEL , AARAR, TLERFR , 25 BEBRIEE MO VRN B F IR S A AR AT [ ] BT BL A4 KL, 2018,33 (1) :61-70.
ZHANG Q H,ZUO S L,WEIL X Y, et al. H; PO, activated carbons as the electrode materials of supercapacitors using an ionic liquid electrolyte
[J]. New Carbon Materials,2018,33(1) :61-70.
(U] FETE TR PR BB RE S RAE Tk [J] . P IEIBTRER BRI ,2020,38(7) :64-66.
DONG Y. The adsorption performance and characterization method of activated carbon[ J]. China Resources Comprehensive Utilization ,2020 ,
38(7) :64-66.
[12]SOLUM M S,PUGMIRE R J,JAGTOYEN M, et al. Evolution of carbon structure in chemically activated wood[ J]. Carbon,1995,33(9) .
1247-1254.
[13] )R, SRPRAN. W MRS R (LA L S AR P B [ T ] P R B AR R 2008 (5) 148-52.
SI C D,GUO Q J. Progress research on activation mechanism and regeneration of activated carbon[ J]. China Powder Technology,2008(5) :
48-52.
[ 14 126 R, BEBRIG AL TG M A ALBRZS I R PR L [ T ] BB sk}, 2018 ,33 (4) :289-302.
ZUO S L. A review of the control of pore texture of phosphoric acid-activated carbons[ J]. New Carbon Materials,2018,33(4) :289-302.
[15]9hER, INA I, PR, 5. 3T M 5 7=l e i 8 22 5] 3 A7 —— DA AR At e s P e IRy AT BRA R R B [T ] A ifb s TR,
2021,55(1) :1-9.
SUN H,SUN Y J,MIAO C B, et al. A typical case analysis of activated carbon industry development in China:Fujian Yuanli Active Carbon
Co. ,Ltd. [J]. Biomass Chemical Engineering,2021,55(1) :1-9.
[ 161240, BERRIG ALk Pk Feim M A O S50 SYERERT RS D] BT ARG K5 ,2015.
LI Y. Structure and properties of activated carbon prepared from walnut shell by phosphoric acid actication [ D ]. Nanjing: Southeast
University ,2015.
(17 ) D, 20N XUAE. AT U R e SO A R 4 BARA [T ] TEFRAR A2 ,2012,40(8 ) :280-282.
LI Y,LI X Z,LIU M. Preparation and characterization of rice husk-based activated carbon by phosphate method[ J]. Jiangsu Agricultural
Sciences,2012,40(8) :280-282.
(18 1XRete 4580 , 20, 77 SRR RIBUR AR RORT R [ 1], 25 Tl ,2005,25(4) :31-34.
DENG X L,JIANG J C,JIANG Z X. Study on making activated carbon from bamboo sawdust by phosphoric acid method[ J]. Chemistry and
Industry of Forest Products,2005,25(4) :31-34.
(19 1RGN K. IGHE A VOCs R HMROOCRBIF[ D], Kb PRIRY,2014.
SONG J F. Studies on the adsorption of VOCs by activated carbons and the structure-function relationship[ D]. Changsha: Central South
Unicersity ,2014.
[20 ] AR A #iE 252 (M. Jeat . s EBOll Rk, 1996.
HUANG L X. Wood Pyrolysis Technology[ M]. Beijing: China Forestry Publishing House,1996.
(21 i AT AR PE BB (—) [J]. ML TR, 1999,33 (4) :37-40.
GU K L. Application of activated carbon(1)[J]. Forest Products Chemical Communication,1999,33(4) :37-40.
[22] Ediim 5 00F Xt 4. BRIRIEPT BUSRLE Mo il & 0P [ 0], Mo 45 100k, 2007 ,27(2) :36-40.
WANG Z G,JIANG J C,DENG X L, et al. Study on preparation of granular activated carbon from bamboo sawdust acticated with H; PO, [J].
Chemistry and Industry of Forest Products,2007,27(2) :36-40.
[23]XIA C L,SHI S Q. Self-activation for activated carbon from biomass: Theory and parameters[ J]. Green Chemistry,2016,18(7) :2063-2071.
[24]WU Y J,XIA C L,CAI L P,et al. Controlling pore size of activated carbon through self-activation process for removing contaminants of
different molecular sizes[ J]. Journal of Colloid and Interface Science,2018,518:41-47.
(251905 BT, AT, 55, THPEIALBRES X 5o 5B A AL AL5F) HON Bl PERERsZ i [ J]. A4 5 Tll,2020,40(3 ) :39-44.
SUN H,ZHAO D L,JIN Y R, et al. Effect of pore structure on HCN defence performance of activatied carbon supported metallic oxide catalyst
[J]. Chemistry and Industry of Forest Products,2020,40(3) :39-44.



