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KHHETHUKA AJCOPBIIUN ®OPMAJIBJAEI'MJA U3 BOAHBIX PACTBOPOB
CUHTETHYECKUMMU HEOJIUTAMMU B ITIPUCYTCTBUU ®OCPOPHOU KUCJIOTBI

Paccmompena Kunemuka a0copoyuu CuHmemudecKUMU yeoumamnu gopmaivoezuoa u3
GOOHBIX pacmeopoe é npucymcmeuu pocpopnoni kucaomot. [na paoa yeoaumoe munog A u X
paccuumansl 3Ha4eHUA KoIPPuyuenmos eHeuine20 macconepenoca u eHympeHnHei ouggysuu.
Buisgneno enuanue eenuuunbl Ouamempa nop yeonaumos Ha 6Kia0 GHEUIHez0 MAcconepenoca
unu enympenneil ougphyzuu 6 npovecce aocopoyuu gopmanvoezuoa. Onpeoeneno epema ycma-
HOGJIeHUA COPOYUOHHO20 PAGHOBECUSA.
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KINETICS OF FORMALDEHYDE ADSORPTION FROM AQUEOUS SOLUTIONS WITH
SYNTHETIC ZEOLITES IN PRESENCE OF PHOSPHORIC ACID

It is known that 4,4-dimethyl-1,3-dioxane is a key intermediate for the industrial synthesis
of isoprene. It is obtained by condensation of the aqueous solution of formaldehyde with isobutyl-
ene in the presence of phosphoric acid. In the last decade, synthetic zeolites were used for the
above process. However, in this work were not considered features of interaction of reagents and

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2016. V. 59. N 12 71



Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2016. V. 59. N 12

products of Prins reaction with porous materials. Therefore, the aim of this work was to study the
adsorption of formaldehyde from aqueous solutions by synthetic zeolites in the presence of phos-
phoric acid. The kinetics of adsorption of formaldehyde from aqueous solutions by synthetic zeo-
lites in the presence of phosphoric acid was carried out. For a series of zeolites of type A and X
the values of the external and internal mass transfer diffusion coefficients were obtained. The ef-
fect of the value of the zeolite pore diameter in the contribution of the external or internal diffu-
sion mass transfer in the process of adsorption of formaldehyde was founded. The time of the es-
tablishment of sorption equilibrium was obtained. As sorbents we have used synthetic zeolites
with diameters of 3-9 A. Adsorption of formaldehyde from aqueous solutions was investigated at
(75 £ 1) °C from a limited volume under constant agitation (laboratory mechanical stirrer, 17
rps). Samples of a porous sorbent (the weight was (2.65 + 0.10) g) were introduced into the solu-
tions containing 50 mL of aqueous formaldehyde with the initial concentrations of 5.85-7.07
mol/l and 2.5 ml of 81% phosphoric acid. The contact time of the solution with samples of
sorbents was ranged from 120 to 3600 s. The formaldehyde concentration in solution was deter-
mined by the sulfite method. Adsorption of formaldehyde (a) from aqueous solutions by synthetic
zeolites material was evaluated according to the equation: a = [(cy, — c,)-V] / m, ¢, — adsorbate
concentration at various time points, mol/l; ¢q — adsorbate concentration at the initial time, mol/I.
Relative approach of the adsorption to equilibrium (7 was calculated according to the equation:
¥ = a | amax, amax — adsorption at equilibrium, mg/g. Changing adsorbed formaldehyde (T) at
different times was calculated according to the equation: 7 = - In(1-7). External diffusion mass
transfer coefficients (#,) and internal diffusion from an aqueous formaldehyde solution were cal-
culated using the equation: g, = tge / T, tga — the tangent linear portion of the graph according to
the inclination angle T = f (t). We have found that formaldehyde adsorption process from the
agueous solution in the presence of phosphoric acid for all used types of synthetic zeolites (KA,
NaA, CaA, CaX, NaX) has been determined the values of the pore diameters of zeolites. It was
shown that time of achievement of equilibrium sorption in the system formaldehyde-water-
phosphoric acid in the case of all used synthetic zeolites is 600 s.

Key words: formaldehyde, synthetic zeolites of types A and X, adsorption kinetics

BBEJAEHUE

M3BectHRIM criocoOoM monmydenust 4,4-aume-
TwiI-1,3-1M0KCaHa, KIOYEBOro MOJYNPOAYKTa Mpo-
MBILIIJICHHOTO CHHTE3a M30MpEHA, SBJISIETCS KOHICH-
calMsi BOJHOTO pacTBopa GpopMalbIeruia ¢ H300yTH-
JICHOM B MPHUCYTCTBUH OpPTOPOCHOpHOIT KucmoTsr [1].
B mocnennee necatunetne Uil MPOBEACHUS BhILIE-
OIMCAaHHOTO TIPOIIECCa HMCIOJIb30BANINCH TaKXKE I1E0-
JIMTHI: OCYILECTBIICHO B3amMoJieiicTBUE (popMaibie-
runa ¢ u300yTHIEHOM B NMPUCYTCTBHU 11€0nuTOB H-
ZSM-5, H-Boralite, H-B-MCM-41 [2], nu6o ¢ mpem-
OyranosioMm — B ipucytctBun Fe(ZSM)-5, AI(ZSM)-5,
H(Fe)ZSM-5, H(AI)ZSM-5 [3]. Oxmnako B >THX pabo-
TaX HE paccMaTpUBAIMCh OCOOEHHOCTH B3aMMOJICH-
CTBHSI PEareHTOB W MPOJYKTOB peakinuu [lpuHca c
neonuTamu. [losTomy menpio maHHOW PabOTHI OBLIO
u3ydyeHue azncopOumu QopManpieruia M3 BOAHBIX
pacTBOpOB CHHTETUYECKUMH LIEOJUTAMH B TNPHUCYT-
ctBur (hochopHON KHCITOTHI.

72

METO/IUKA O5KCITEPUMEHTA

B kadyecTBe COPOCHTOB HCIOJIB30BAIUCH CHH-
tetndyeckue neonutel Mapok KA, NaA, CaA, CaX,
NaX (OAO «Mmmmbaiickuii KaTaJn3aTOpHBIA 3a-
BOI», T. MimnmoOait).

AncopOuus popmanbaeruia U3 BOAHBIX pac-
TBOPOB M3ydasack mpu Temmeparype (75+1) °C wu3
OTPaHUYEHHOTO 00bEMa IPH TOCTOSHHOM IepeMe-
muBaHuU (TabopaTopHas MexXaHMYecKas MeIlaka,
17 o6/c).

HaBecka CHHTETHYECKOTO IICOJUTA MAacCCOM
(2,65+0,10) r BBOIMIIACH B pacTBOp, coAepxamuii 50
MJI pacTBOpa (opMajibAeryjia ¢ AUara3oHoM Hadallb-
HbIX KOoHIeHTparui 7,5-10,5 monw/nm u 2,5 ma 81%-
HO opTohochopHOI KUCITOTEL. Bpemst koHTaKkTa pac-
TBOpa C 00pa3namMu CHHTETUYECKUX IEOJTUTOB CO-
craisuio ot 120 1o 3600 c. Conepxanue GpopMaib-
JIETHIa B PACTBOPE ONPEICISIN CYyIb(PUTHBIM METO-
nom [4].
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PE3VJIBTATBI U NX OBCYXJIEHNE

Ancopbuus dopmanbaeruia (a) U3 BOJHBIX
pacTBOPOB CHHTETUYECKUMH I[COJMTAMH OIICHUBA-
nack o ypasuenuto (1) [5]:

a=[(co—cy)'V]/m, Q)
IJie ¢t — KOHIIGHTpaIusl ajgcopbara B pa3indHbIe MO-
MEHTBI BPEMEHH, MOJIB/JI; Co — KOHIICHTPAIUS aJICOP-
0ara B HAYATBHBIH MOMEHT BPEMEHH, MOJIB/I.

OTHOCHTENIbHOE TPHOMMKEHNE aaCcOpOIMU K
PaBHOBECHIO () PACCUMTHIBAIIOCH MO ypaBHeHwio (2) [5]:

¥ = a/amax, 2
TJIC Qmax — &ACOPOIHS MPH JOCTYIKCHUH PAaBHOBECHSI,
MOJIB/T.

N3meHeHue ancopOMpOBaHHOTO (QopMalibie-
ruzaa (T) B pa3nuyHble MOMEHTHI BPEMEHU PacCUUTHI-
BaJIOCh 10 ypaBuenuio (3) [5]:

T =-In(1-y) (3)

Koadhdummentsr BrenmHe ¢ Gy3nOHHOTO Mac-
coniepenoca (B,) u BHyTpeHHe# muddy3un Gopmaib-
JIETHU/Ia U3 BOJHOT'O PACTBOPA PACCUUTHIBAIIHMCH C UC-
nosib3oBanueM ypasHenust (4) [5]:

Bn = tga/ Ta (4)
IJie tgo — TAaHTeHC Yrila HAKJIOHA JIMHEHHOro yJacTKa
rpaduka 3apucumoctu T = f(t).

9KCHCpHMCHTaIII>HI)Ie KHHECTUYCCKUEC KPUBBIC
azcopOimu hopManbaeTHaa U3 BOIHBIX PACTBOPOB Ha
cunTeTnueckux neoianrax KA, NaA, CaA, CaX, NaX
MIpeJICTaBJIeHbI Ha puc. 1.
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Puc. 1. Kunetndeckne KpuBbie aacopounu Gopmanbaernaa m3
BOJIHBIX PACTBOPOB B JHana3oHe KoHIeHTparmi 7,5 — 10,5
MOJIB/T B IPUCYTCTBUU (POCHOPHON KUCTOTH CHHTETHIECKIMU
LeoJIuTaMu 1pu Temmeparype 75 °C
Fig. 1. Kinetic curves of formaldehyde adsorption from aqueous
solutions in the concentration range of 7.5 - 10.5 mol / L in the
presence of phosphoric acid by synthetic zeolites at the tempera-

ture of 75 °C

HHH BCEX MapoOK HMCIIOJIb30BAHHBLIX CHUHTCTU-
YECKUX IICOJIUTOB HAOJIOMaeTCsi BBICOKAas CKOPOCTh
ancopOruu popMaIbAeTuIa B HAYaIBHEBIN TIepro (110
600 c).

C yBenuYeHHEM BPEMEHH KOHTAKTa CKOPOCTh
aIcOpOLIMU CYIIECTBEHHO yMEHbIIaeTcs. Bpems no-
CTIDKCHHS aJICOPOIIMOHHOTO PaBHOBECHS HE 3aBUCHT
OT Mapku neoiuTa u coctarisier 600 c.
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Puc. 2. I3MeHeHne KONUYeCTBa aJIcCOPOUPOBAHHOTO BEIIECTBA
npH ancopOumy Gopmanbaernia u3 BOAHOTO pacTBOPA B THaria-
30He KoHIeHTparmi 7,5 - 10,5 mois/n B mpucyrctBuu ocdopHoit
KHCJIOTBHI CHHTETHYECKUMH LIEOTUTaMH TpH Temuepatype 75 °C
Fig. 2. Change in quantity of the adsorbed substance at adsorption
from an aqueous formaldehyde solution in a concentration range
of 7.5 -10.5 mol / L in the presence of phosphoric acid by a syn-
thetic zeolites at the temperature of 75 °C

Kunernueckue naHHble BO Bceld paccMarpH-
BaeMOU 00JIacTH IS CHHTETHYECKOTO [IEOJTUTa MapKu
KA ynonerBopurensro (R = 0,98) omucwiBaeTcs
YpaBHEHHEM KHUHETHKH TIEPBOTO MOPsAKA, T.€. CKO-
pPOCTh aJicopOIK 3aBUCUT TOJIBKO OT KOHIICHTPAIH
tdhopmanpneruna B pactBope (puc. 2). Ilpsmonuneni-
Has 3aBucumocth T = f(t) ykaspiBaeT Ha TO, YTO MpO-
necc afcopOIMy JIMMUTHPYETCS TOJBKO BHEIIHUM
MacconepeHocoM. OTCyTCTBHE OTKIOHEHHUS OT Mpsi-
MOW CBHIETENBCTBYET O TOM, YTO CKOPOCThH aacopO-
nuu GopMalbIerHa CHHTETHUECKUM IeonuToM KA
HE 3aBHCHUT OT BJIMSHUS BHyTpeHHEH quddy3un.

Jns cuHTeTHYeCKUX LEOJUTOB Mapok NaA,
CaA, CaX, NaX KMHETHYECKUE JTaHHBIE TaKXKE YIO-
BrnetBoputensHo (R = 0,98-0,99) omnuceBatores
ypaBHEHHEM KHMHETHKH HEpBOro mopsaka (puc. 2) B
obnactu g0 600 c. JlanpHelimee ke OTKIOHEHUE (B
obmactu mocie 600 C) OT MPSMON CBHIIETEIHCTBYET
00 yBEeNMUYEHWH BIUSHHUS BHYTpeHHEH nudQy3nu Ha
CKOpOCTbh aJcopOIuu popManbaeruia.

Koaddurmentsr BHeNHEro maccornepeHoca
(Bn) u BHYTpeHHEH nnuddy3un pacCUUTaHbl ¢ HCIOTb-
3oBanueM ypasHeHui (3) u (4). [Ipouecc agcopbumu
(dopmanbaernga u3 BOJHOTO pacTBOpa B Cilydyae LEeo-
muta KA ¢ muamerpom nop 3 A onpenensercs Tonbko
JWIIb BHEITHUM MacCONEPEeHOCOM U3 00beMa pacTBO-
pa. B ciydae xe agcopbuun opmanbiaeruna CUHTE-
THYeCKUMH IteontamMu Mapok NaA, CaA, CaX, NaX
BEJINYMHBI KO3()(QUITMEHTOB BHEIITHETO MACCOTIEPEHO-
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Taonuya
Kunernueckune mapamerpsl agcopounu popmansaernia
U3 BOAHBIX PACTBOPOB B IHaNa30He KOHIEHTpanmii 7,5-
10,5 M0/IB/J1 CHHTETHYECKHMH LEOJUTAMH B NPHCYT-
crBuM ocdopHoii kKucja0ThHI Ipu Temneparype 75 °C
Table. Kinetic parameters of formaldehyde adsorption
from aqueous solutions in the concentration range of
7.5-10.5 mol/l with synthetic zeolites in the presence of
phosphoric acid at the temperature of 75 °C

Mapka | Juamerp | Koadpdumment | Koaddrmument
LIE0JIUTA |IOP LIEOJIN- | BHEIIHETO MAacCO- | BHYTPEHHEH
ta, A | mepenoca (By) ¢* | muddysun, ¢’
KA 3 9,59-10" —
NaA 4 1,61:10° 2,30-10"
CaA 5 1,65:10° 2,10:10*
CaX 8 1,65-107 3,20-10*
NaX 9 1,63107 6,30-10"

ca (Py) mpakTHYecKkd OJM3KHU MO 3HAYCHUSM, a KOd(D-
(utmeHThl BHYTpeHHEW IudQy3un BO3PACTAOT C
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yBEIMYEHHEM IHaMeTpa mop 1eonutos (4-9A) (tab-
nvna). BeimensnoskeHHble (GakTel MOTYT OBITH 00B-
SICHEHBI TEM, YTO KPUTHYECKUH IHAMETP MOJIEKYJIbI
dopmanbaernia aexut B npenenax 4,0-4,2 A [6].

BBIBO/IbI

B pesynbraTe HamMHM YCTaHOBJICHO, YTO IPO-
mecc amcopOrmu (GopManpaeruaa CHHTCTHUICCKUMH
neonmutamu (KA, NaA, CaA, CaX, NaX) u3 BOZHOTO
pacTBopa B MHTEpBaJle KOHIeHTparwmi 7,5-10,5 Momb/n
B MPUCYTCTBUH (HOCHOPHOI KHUCIOTHI OMpEAeseTcs
BEIUYMHON JUaMeTpa MX IMOpP: C YBEIUYCHUEM JHa-
MeTpa TMop IeoNuTa HaOIIOAACeTCs YBEIUUYCHUE BIIUS-
HUS BHyTpeHHer nuddy3nn Ha mporecc agcopOuunu.
[TokazaHo, 4TO BpeMs JOCTHXKEHUS COPOLMOHHOTO
paBHOBecHss B cucTeMe (opmanbaerua-soaa-poc-
tdopHas kucmora cocrtaBmger 600 ¢ HE3aBUCHMO OT
MapKH{ UCIIOIB3yeMOr0 CHHTETHYECKOTO LIEOJIHTA.
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