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KHHETUKA AJCOPBIIUU ®OPMAJIBAEI'UIA U3 BOJHBIX PACTBOPOB YIVIEPOJHBIMHU
HOPUCTHIMA MATEPAAJIAMHU B TIPUCYTCTBUUA ®OCHOPHOM KUCJIOTHI

Paccmompena Kunemuxa aocopoyuu yenepooHviMuU ROPUCHBIMU Mamepuaiamu Qop-
Manvoezuda u3 600HbIX paAcmeopos 6 npucymcemeuu gpocgopnoni kucnromul. Paccuumanst 3naue-
HUA KOIhhuyuenmos eneutnezo macconepenoca u eHympenneii ouggpysuu. Boiasneno enuanue
6K1A0A 6HEWHE20 MACCONEPEHOCA U HympeHHel Oudyzuu ¢ npouecce adcopouuu ghopmanvoe-
2uoa. Onpeoeneno epems yCmanoei1eHus coOpouUOHHO20 PAGHOGECUSL.

KiioueBnle ciioBa: (l)OpMaJ'II:Z[CFI/IZ[, YTJICepOaHbIC HaHOpr6KI/I, CTCKIIOYTJICPpOA, KHHCTHUKA az[cop6u1/m
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ADSORPTION KINETICS OF FORMALDEHYDE FROM AQUEOUS SO LUTIONS BY CARBON
POROUS MATERIALS IN PRESENCE OF PHOSPHORIC ACID

In this paper we studied the adsorption kineticsfofmaldehyde on porous carbon nano-
tubes and glassy carbon from aqueous solutionsha presence of phosphoric acid. The values of
the external and internal mass transfer diffusioroefficients were obtained. We found the influ-
ence of the contribution of external mass transfand internal diffusion on the process of formal-
dehyde adsorption. The time of establishment ofpgmm equilibrium was determined.

Key words: formaldehyde, carbon nanotubes, glass carbon, gtitsokinetics

INTRODUCTION to 3600 s. The formaldehyde contentration in sofuti

It is known that 4,4-dimethyl-1,3-dioxane is aas determined by the sulfite method [5].

key intermediate for the industrial synthesis ai-is RESULTS AND DISCUSSION
prene [1]. It is obtained by condensation of theemys

solution of formaldehyde with 2-methylpropene ie th
presence of phosphoric acid. In the last decag®-a
rous materials has been used for the above pr{ifess

However, in this work were not considerec{/ _ volume of solution, I: m — sorbent mass, mg:
features of interaction of reagents and producksios  ,4qorhate concentration at various time points/Imol

reaction with porous materials. Therefore, the am ., _ 5qsorbate concentration at the initial time,/mol
this work was to study the adsorption of formalddy Relative approach of the adsorption to equilib-

from aqueous solutions by carbon nanotubes apfm, ) was calculated according to the equation (2) [6]:
glassy carbon in the presence of phosphoric acid. v=a/ amax @)
EXPERIMENTAL amax— adsorption at equilibrium, mg/g.

, , Changing adsorbed formaldehyde (T) at differ-
We have used carbon nanotubes with a diame-, .. . _

ter 7-11A ("Tomsk Catalyst Plant", Tomsk) and g]ﬁssgnt times was caIcuITa t;ao_l ﬁ::(cli;;j ingto the equéiﬂlfz]?;)
carbon ztsj:;rbt?onrfsoﬁ’ofrllwal dehvde from agueous Sos External diffusion mass transfer coefficients
luti P tioated at 75{1 oC f q lirdit (Bn) and internal diffusion from an aqueous formalde-
utions was investigated a (. *1) rom a lirvite hyde solution were calculated using the equatipf¥{4
volume under constant agitation (laboratory mechani Ba=tgn/ T 4)
cal stirrer, 17 rps). ¥ ;

Adsorption of formaldehyde (a) from agueous
solutions by porous carbon material was evaluated a
cording to the equation (1) [6]:

a = [(co—cy)-V]/m, (1)

tga — the tangent linear portion of the graph accaydin
Samples of a porous carbon sorbent [in the ¢ Of[he inclina?ion angle 'Ipt(t). grap a

used of nanotubes their weight was (0.100.01nd, a For the considered porous material there is a
in the case of glassy — (0.8420.01) g] were intogdl pigh rate of adsorption of formaldehyde in theidhit
into the solutions containing 50 mL of aqueous falFm period: for carbon nanotubes up to 120, and glassy
dehyde with the initial concentrations of 5.85-m09l/l  goq 5. Adsorption rate decreases significantly with
and 2.5 ml of 81% phosphoric acid. The contact bie jncrease of contact time. Time adsorption equilirfor

the solution with samples of sorbents ranged fr@® 1the carbon nanotubes is 120, and glassy — up t6.600
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Experimental formaldehyde adsorption kinetid¢ransfer coefficient of external and internal dsfifon
curves from aqueous solutions by carbon nanotube avere calculated by equations (3) and (4) (€abl

shown in Fig. 1.

Table

1,2 1 Kinetic parameters of formaldehyde adsorption from
4 aqueous solutions in the concentration range of 58
21 2 7.07 mol/l by carbone porous materials in the presee
)
E of phosphoric acid at 75 °C
0.8 1 Tabnuya. Kuneruveckne napaMerpsl agcoponun gop-
06 1 MaJIbJIeru/ia U3 BOJHLIX PACTBOPOB B HaNa30He KOH-
' neHTpanuii 5,85-7,07Mo/1b/J1 yriiepoaHbIMU MOPUCTBI-
04 - MM MaTepHaJIaMH B IPUCYTCTBHH (ochopHOIi KUCIOTHI
npu Temnepatype 75°C
0,2 Equilibrium External mass Co_efficient
Sorbent time. s transfer coefficient of internal
0 - : : v ' (Br), st diffusion, st
0 1000 2000 3000 4000 Carbon
ts 120 8.3-16 7.1-10
Fig. 1. Kinetic curves of formaldehyde adsorptiooni aqueous nfg‘lombeE
solutions with the concentration of 5.85-7.07 minl/the presence assy
of phosphoric acid by carbon porous materials 751 IE)carbon carbon 600 1.4-16 1.1-16°

nanotubes, 2 — glassy carbon)
Puc. 1. Kunernueckue kpuBble agcopOimu Gopmansaeruia u3
BOJIHBIX PACTBOPOB B JiMana3oHe KoHueHrpamuii 5,85-7,07vosb/1
B IIPUCYTCTBUHU (pOCHOPHOH KHCIOTHI YTIIEPOJHEIMI HOPUCTHIMU
Marepuaiamu npu Temneparype 75 °C. 1 —VruepoaHsie HaHO-
TpyOKH, 2 —CcTeKI1000pa3HbIH yrirepos

3000
ts
Fig. 2. Change in a quantity the adsorbed substémieg ad-
sorption from aqueous formaldehyde solution withcamntration
of 5.85-7.07 mol/l in the presence of phosphorid &y carbone
porous materials at 75 °C. 1 - Carbon nanotubeglassy
Puc. 2. VI3meHeHHe KonuyecTBa acopOUPOBAHHOTO BELIECTBA
npu agcopOImu hopMalbIeTHIa U3 BOAHOTO PacTBOpa C KOHIICH-
tpauueit 5,85-7,07monb/1 B ipucyTcTBIH GOCHOPHON KUCTOTHI
YIIEPOIHBIMU MTOPUCTHIMU MaTepuanamu npu temmeparype 75 °C.
1 —VrnepoaHsie HAHOTPYOKH, 2 —CTEKIO00PA3HEIH YTIepos

2000 2500

1500

500 1000

In the initial period (in seconds to 120 for a
carbon nanotubes and to 600 s for a glassy) faethe
porous carbon materials kinetic data (R = 0.9988).9
are described by first-order kinetics (Fig. 2) adsorp-
tion rate depends only on the concentration of &rm
dehyde in the solution (Fig. 2). A further deviatio
from a straight line shows an increase in intediféll-
sion effect on the formaldehyde adsorption ratesdMa

s

CONCLUSIONS
We have found that formaldehyde adsorption

process both for a carbon nanotube, and for aygtass
bon from the aqueous solution in the presence o$ph
phoric acid has been determined by influence oétie
ternal mass transfer and internal diffusion. Ish®wn
that time of achievement equilibrium sorption ia ys-
tem formaldehyde — water — phosphoric acid in twec
of carbon nanotubes 120 s, and glassy carbon s.600
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