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Energy Saving Approach to Chemical Processing
of Lignocellulosic Feedstock into Sorptive Materials

High porous activated carbons were prepared by microwave-induced phosphoric acid activa-
tion of lignocellulosic raw material. It was established that the parameters of porous struc-
ture of carbons obtained are increased with increasing of treatment duration and reach maxi-
mum under 3—5 min staying. Maximum BET surface area achieved during the microwave
treatment with energy load 120 Wt-min/(g-mL) is 1085 m2,/g. Total pore volume reaches
almost 0,7 cm3/g. Pore size distributions indicates that carbons consists of micropores
(0.9-1.1 nm) and mesopores with size 4 nm. Obtained carbons have high adsorption capac-
ity towards copper ions from aqueous solutions at pH < 4. The results proved that this pro-

cess is rapid, power-efficient and economic. Bibl. 10, Fig. 3, Tab. 1.
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The AC preparation method significantly af-
fects the quality, properties and cost of finished
product. A conventional heating method is one of
the most applicable and usual technique of AC
production but it has some disadvantages —the
heat source is located outside bed, and the heat
generated by the source is transferred to the parti-
cles by convection, conduction and radiation mech-
anisms. There is a temperature gradient from the
surface to the interior of each particle. Heating at a
high temperature is required during the pyrolysis
and activation processes, which usually takes a
long time and consumes much energy using the
conventional thermal method [1].

In recent years, microwave has emerged as a
promising alternative energy source for the AC pro-
duction [2-8]. In microwave field, the materials re-
ceive energy at a molecular level through dipole ro-
tation and ionic conduction, and the energy is dis-
sipated in the form of heat. Microwave heating is
internal and volumetric, which provides the advan-
tages of uniform temperature distribution, rapid
temperature rise and saving of energy.

Previous studies on the preparation of AC us-
ing a microwave radiation method have showed
that the more significant parameters are the micro-
wave radiation time, the microwave power level,
the impregnation ratio and the agent flow rate.
Accordingly, the effects of these parameters on the
physical and chemical properties of AC, such as
the pore structure, the adsorption capacity, the
carbon yield and the surface functional groups,
were discussed. In general, the physical properties
of AC (adsorption capacity, pore volume and car-

lignocellulosic

bon yield) improved when these parameters were
enhanced up to their optimum points, and then
these properties decreased when these parameters
were increased beyond their optimum values.

Current study was focused on the processing
of lignocellulosic feedstock — dogwood stone
into sorptive materials using microwave-assisted
phosphoric acid activation.

Dogwood stone was grounded and sieved to
obtain particle size 1.0-2.0 mm. 5 g of dried dog-
wood stone was impregnated with 50 mL of phos-
phoric acid solution with concentration adjusted
to obtain desired impregnation ratio and stayed
during 30 min. The microwave-induced activation
treatments were conducted in a multi-mode type
microwave furnace Zelmer 297Z023. Total micro-
wave energy delivered to sample (microwave load)
was 74 % of maximum power and time of irradia-
tion was 1, 2, 3 and 5 min. After the treatment,
the residual phosphoric acid was eliminated from
carbon by extensive washing with hot water in
Soxhlet extractor until neutral pH of wash water.

Information on carbons pore structure was de-
rived from nitrogen adsorption isotherms obtained
at —196 °C on a NOVA 2200 apparatus
(Quantachrome, USA). The pore size and pore size
distribution were calculated by the BJH model us-
ing desorption isotherm branch. The adsorption iso-
therms were determined in a conventional high ac-
curacy volumetric adsorption rig. Prior to the mea-
surement the samples were outgassed at 180 °C un-
der vacuum for 2 h. Activated carbons were ob-
tained under microwave irradiation using different
amount of phosphoric acid which is presented as ra-
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Fig.1. Adsorption-desorption isotherms of samples, obtained
with phosphoric acid microwave activation (IR = 0.9, irradia-
tion energy 74 %) with different time of exposure, min: 1 —
1;2 — 2,3 — 3;4 — 5.

tio of introduced acid to sample weight. Two im-
pregnation ratio (IR) were applied: 0.9 and 1.7.
Threshold of microwave effect on development of
porosity is about 40 W-min /(g-mL) for all experi-
ments with phosphoric acid. Maximum BET sur-
face area is achieved at 120 W-min/(g-mL) with
slight decrease at higher energy delivered to the
sample. Increasing impregnation ratio from 0.9 to
1.7 increases BET surface area by about 100—150
m?2,/g. Maximum BET surface area is achieved
during 3—5 min of microwave treatment at 74 %
of maximum power provided by microwave fur-
nace. While the value of BET surface area of
microwave-activated carbons (1085 m?2/g) is
less than that for conventionally heated carbon
(2070 m2 /g) [9], microwave-assisted activation
is much faster and needs less energy than con-
ventional heating.

Carbon obtained by microwave-assisted phos-
phoric acid activation with treatment duration of 1
min does not show any significant nitrogen adsorp-
tion in entire relative pressure region that indicates
negligible development of porous structure (Fig.1).

Under increasing of treatment duration up to
2 min nitrogen adsorption firstly sharply in-
creases. Under following increasing up to 3, 5
min it almost doesn’t vary. Nitrogen adsorption
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Fig. 2. Pore size distributions for: 1 — conventionally heated
(T = 400 °C; IR = 1.0) and microwave-induced carbons with
energy load 47 mW: 2 — IR=0.9; 3 — IR =1.7.

isotherms obtained with treatment duration of 2,
3, 5 min belong to a mixed type of TUPAC classi-
fication [10]. The initial part of the isotherms is
of type I with significant uptake at low relative
pressures, which corresponds to adsorption in
micropores. At intermediate and high relative
pressures the isotherms are of type IV with a hys-
teresis loop of type H4 associated with
monolayer-multilayer adsorption followed by cap-
illary condensation in narrow slit-like pores. The
parameters of porous structure of carbons ob-
tained by microwave-assisted phosphoric acid ac-
tivation (Table) are increased with increasing of
treatment duration and reach maximum under
3min staying — 1085 m2/g. Total pore volume
reaches almost 0,7 cm3/g. The results proved
that this process is rapid, efficient and economic.

The parameters of porous structure of carbons
obtained with microwave-induced phosphoric
acid activation

reatment g wmin/ | S, | Vi Vini Vine

uration, (gmL) |m%/g| cm’/

min & g & lemyg| % | emdg | %
1 39,5 21 0,03 0,003 10 0,03 90
2 78,9 824 0,51 0,20 39 0,32 61
3 118,4 1085 0,69 0,25 37 0,44 63
5 197,3 1078 0,69 0,26 38 0,43 62

E — Energy; S — Surface area.

Porous structure of microwave-activated car-
bons is presented of micropores (0.9-1.1 nm) and
mesopores of with size 4 nm (Fig.2).

Increasing impregnation ratio from 0.9 to 1.7 de-
velops additional larger mesopores with size 5—11
nm. Porous structure of conventionally heated carbon
is different in that main mesopore size is 2.3 nm.

Large amount of surface groups of acid char-
acter are responsible for adsorption properties to-
wards copper ions from aqueous solutions. 0.1 g
of carbon was shaken with 20 mL of 0.001 M
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Fig. 3. pH dependence of copper binding for microwave-induced car-
bons, obtained at different energy load, mW: 1 — 30; 2 — 120; con-
ventionally heated carbons — 3; and ion exchange resin with
carboxylic groups (KB-4) — 4.
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Cu(NO3)» solution containing 0.1 M NaCl as
background electrolyte in order to determine cop-
per adsorption. The pH of solution was adjusted
by adding different amounts of 0.1 M HCI or 0.1
M NaOH solutions. After equilibration for 24 h,
the pH was measured with a pH glass electrode
and copper concentration was determined by ti-
tration with standard EDTA solution.

Carbons obtained with microwave-assisted
phosphoric acid activation (Fig.3) demonstrate
high adsorption capacity at pH < 4 as compared
to ion exchange resin with carboxylic groups
(KB-4). With increasing microwave load copper
adsorption increases. The highest adsorption
shows conventionally heated carbon.

Conclusions

Large surface area activated carbons were
prepared by microwave-assisted phosphoric acid
activation. It was established that the parameters
of porous structure of carbons obtained are in-
creased with increasing of treatment duration and
reach maximum under 3—-5 min staying. Maxi-
mum BET surface area achieved during the mi-
crowave treatment with energy load 120
W-min /(g-mL) is 1085 m2,/g. Total pore volume
reaches almost 0,7 cm3/g. Pore size distributions
indicates that carbons consists of micropores
(0.9-1.1 nm) and mesopores with size 4 nm. Ob-
tained carbons have high adsorption capacity to-
wards copper ions from aqueous solutions at pH
< 4. The results proved that this process is rapid,
efficient and economic.

References

1. Hesas R.H., Daud W.M.A., Sahu J.N., Arami-Niya
A. The effects of a microwave heating method on the
production of activated carbon from agricultural

waste - a review, J. Anal. Appl. Pyrol., 2013, Vol.
100, pp. 1-11.

2. Jones D.A., Lelyveld T.P., Mavrofidis S.D.,
Kingman S.W., Miles N.J. Microwave heating ap-
plications in environmental engineering - a review,
Resour. Conserv. Recycl., 2002, 34, pp.75-90.

3. Liu Q.-S., Zheng T., Wang P., Guo L. Preparation
and characterization of activated carbon from bam-
boo by microwave-induced phosphoric acid activa-
tion, Ind. Crop. Prod., 2010, 31, pp. 233-238.

. Yagmur E., Ozmak M., Aktas Z. A novel method for
production of activated carbon from waste tea by
chemical activation with microwave energy, Fuel,
2008, 87, pp. 3278-3285.

5. Ania, C.O., Parra, J.B., Menendez, J.A., Pis, J.J., Ef-
fect of microwave and conventional regeneration on
the microporous and mesoporous network and on the
adsorptive capacity of activated carbons, Microporous
Mesoporous Mater., 2003, 85, pp. 7—15.

6. Jones, D.A., Lelyveld, T.P., Mavrofidis, S.D.,
Kingman, S.W., Miles, N.J., Microwave heating ap-
plications in environmental engineering — A review,
Resour. Conserv. Recycl., 2002, 34, pp. 75-90.

7. Menendez, J.A., Menendez, E.M., Iglesias, M.J.,
Garcia, A., Pis, J.J., Modification of the surface
chemistry of active carbons by means of micro-
wave-inducedtreatments, Carbon, 1999, 37, pp.
1115-1121.

8. Liu, X.T., Quan, X., Bo, L.L., Chen, S., Zhao, Y.Z.
Simultaneous pentachlorophenol decomposition and
granular activated carbon regeneration assisted
bymicrowave irradiation, Carbon, 2004, 42, pp.
415—422.

9. Sych N.V., Trofymenko S.I., Poddubnaya O.I. Tsyba
M.M. Sapsay V.I. Klymchuk D.O. Puziy A.M. Po-
rous structure and surface chemistry of phosphoric
acid activated carbon from corncob, Appl. Surf.
Sci., 2012, 261, pp.75-82.

10. Sing K.S.W., Everett D.H., Haul R.A.-W., Moscou L.,
Pierotti R.A., Rouquero J., Siemieniewska T., Report-
ing physisorption data for gas,/solid systems with spe-
cial reference to the determination of surface area and
porosity, Pure Appl. Chem., 1985, 57, pp. 603—619.

Received July 20, 2017

NS

YK 661.183.126

Cotu H.B., Tpojpumenxo C.H., I[vi6a H.H., Buxapuyx B.M.

Hucmumym copouuu u npobéaem andoaxonoeuu HAH Yxkpaunvt, Kues
ya. Tenepanra Haymoesa, 13, 03164 Kues, Yxpauna, e-mail: nataliya_sych@ukr.net

JHeprocOeperamIuii MoAX0A K XHMHYECKOil mepepaboTKe
JIMTHOIIEJLIIOJIO3HOTO ChIPbSI B COPOLMOHHBIE MaTEPHAJIBI

C wucnoJsib30BaHuEeM WHAYIIUPOBAHHOTO MUKPOBOJIHOBO# aHepruein (ocOopHOKUCIOTHOTO aK-
TUBUPOBAHUS JIMTHOTIEJLIIIOJIO3HOTO ChIPbSI MIPUTOTOBJIEHBI BBICOKOTIOPUCTBIE AKTUBUPOBAHHBIE
VIJU. YCTaHOBJIEHO, YTO 3HAYEHHS IapaMeTPOB MOPHUCTONW CTPYKTYPbI TOJYYEHHBIX YTJiei
BO3PACTAIOT C YBEJUUEHHEM JJIUTEJbHOCTH BBIJIEPKKH UX B I0JIe MUKPOBOJHOBOTO BO3/IEl-
CTBMSI M JIOCTUTAIOT MAaKCUMyMa TIpU 3—5-MUHYTHOI BbIZIepKKe. MakcuMasibHast yieabHast 1mo-
BepxHocTb 1o bIAT, mosyueHHass Mpu MUKPOBOJHOBOM HCIBITAHWHM C SHEPreTHYECKON Ha-
rpyskoit 120 Br-mun /(r-mi1), cocrasasger 1085 m2/r. Cymmapubii o6bem mop 0,7 cm3/T.
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Onpeneneno, uto yram cocroatr us mukpornop (0,9—1,1 um) u wmesonop (4 um).
[Tosnyuennbie yrim 006Jaa10T BBICOKOW COPOIUOHHON CHOCOOHOCTBIO IO OTHOIIEHUIO K
nonam ™emm npu pH < 4. Pesynbrarel wmccseoBaHWT TOATBEPXKAAIOT, YTO TIPOIECC
MUKPOBOJHOBOTO aKTUBHU- POBAHUS OBICTPBIiA, sHEProadHEKTUBHBIN U 9KOHOMUYHBINA. Bub.L.
10, puc. 3, maba. 1.

KiaroueBbie cioBa: WH/yIIMPOBAHHAS MUKPOBOJHAME 2HEPTHUs, (OCHOPHOKHUCIOTHOE aKTH-
BUPOBAHNE, JIMTHOTIEJTIOJIO3HOE ChIPbe, Y/eJbHast TOBEPXHOCTD.
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Eneprosoepiraioumii miaxig 10 XiMi4HOi mepepoOKH
JITHOIIEJII0JIO3HOI CHPOBHHH Ha COpOIiiiHI MaTepiajn

3 BUKOPUCTAHHAM iHYKOBAHOTO MiKPOXBHJIbOBOIO eHeprieio (pocpopHOKMCIOTHOTO aKTUBY-
BaHHS JIICHOIEJIIOJI03HOT CUPOBMHU BUTOTOBJIEHE BHCOKOIIOpPYyBaTe aKTHBOBaHe BYTiJJIA.
BcranoBieno, 10 3HayYeHHS I1apaMeTpiB  IIOPYBaTOi CTPYKTYPH OTPUMAHOIO  BYTiJIA
3pOCTAIOTh 3i 301bIIEHHSIM TPUBAJOCTI BUTPUMKHU IX y TIOJH MiKPOXBHJIBOBOTO BILIMBY Ta
JIOCSTAIOTh MAKCHUMYMYy IpH 3—5-XBUJIMHHIM BuTpuMili. MakcumanbHa TTHTOMA MOBEPXHS 3a
BET, orpumana npum MiKpPOXBUJIbOBOMY TECTYBAaHHi 3 eHEPreTMYHUM HaBAHTASKEHHSIM
120 Br-xs/ (r-ma), cknagae 1085 m2/r. Cymaphuii 06’em nop 0,7 cm3,/r. Busnaueno, 1o
Byrisisg Mictuts Mikporniopu (0,9-1,1 um) Ta mesonopu (4 um). OrpuMane ByTiLIS Mae
BHCOKY COPOIifiHy 31aTHICTD IO BifHOIIEHHIO 10 ioHiB Miai mpu pH < 4. Pesynbratn gocmia-
’KeHb T/ITBEepP/KYIOTh, IO TIPoIleC MiKPOXBHJIBOBOTO AKTUBYBAHHS IIBUJKHI, eHeproedex-
TUBHUIT Ta eKoHOMiuHHUit. Bi6a. 10, puc. 3, maba. 1.

KmouoBi cioBa: iHgykoBaHa MIKPOXBIJISMH eHepris, (ochOPHOKNCIOTHE aKTHBYBAHHS,
JITHOIIEJTIOJI0O3HA CHPOBUHA, MUTOMA TOBEPXHS.



