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™ OE ORMRAWR TR VOCs M RE , R [ 2 K sh A WL, X NaY 43 i W B 3 Fh i % vOCs 11
PEREDEAT THRIT, 8 T WL IMIERE | R . Rk R RO O SR Ay B R O B A AR, JEIR T T NaY 21
i A 416 B84 I e BE ;. 84T Yoon-Nelson #5554 MW B 8h Sy 22 M BE, XF 541 4 VOCs Wt 28 35 #h 26017 T8l & o 45
RFW . NaY 4> F i X5 3 F VOCs By W B4 A1 s 18] 4353 >4 PR A 355 min, 4B — F 2% 320 min, &£ & & I 220 min;
HE T B - A % B A 4 ) Ok TR 176 mgrg !, 4B T H K 196 mgg !, Z TR £ B 185 mgrg's NaY 43 T fifi X
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B, 48 WK T 3.66%, LBRLTR T 2.87%, TIEA T 10.0%; VOCs tH%F 18 B~ 30% i, W B 25 1 Bl 35 %
i HEUEE R 660 mg-m > iF, HBUR A2 LB PS5 NaY 4 10 B B i g B0 F vk 5 W B 2 i 5 00 o
rFRREACAEIEMICIE R s 3 Fl VOCs 78 NaY 43§ [ 2 PR 14 0% B 38 58 HE )7 o £ BR S TR >48 — 1 28> Bl . Yoon-
Nelson £5 75 HE 1% 45 4 Hi A6 40) Na'Y 731 0% W B R [7) VOCs RS 2, 943 70 B9 Tolb o FHAR L T 5%

XEIE WA, VOCs; WM R K

5 KA WAL G Y (volatile organic compounds, VOCs) & — KA WAL G WG PR, 46 A2
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Jiti o = NS VOCs &b BEHE AR =2 B R v A BEF R, AL FE B R | AR F WO R L IR B
ARG E R R A Py B i o R T o, W R A FREE R A RCR . REABAR . MR F AR A%
Wb SCHHES T MR, IR AE VOCs AbBUFT B T2 ih A3 218 0 132 9 R S, w0
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NaY 4 Fiifi b e MK, LA & s, YRR VOCs 34 5 AT K AWz B fE, 240 KA
B AL K. NaY 430 X VOCs 43 Ao W Bt E 5 22 Bk T P9 3B FLIB S5 48, A W) B A 0 1 i P 5 L
BLEM AR, U B % 2 5% . ZHANG " 58 T AR Z LA B NaY . SBA-15, MCM-
41 F1 Si0, X FE A (W BFF P, & BURAL 75 e 22 10 NaY b £ % F 2R B 25 B fe . 76 F R M B
fIRBF, NaY 43 0 - i W B 25 i 5 TG PR R 350, 1T ZSM-5, MCM-41 25430 1) S i W B 25 2 2/
T NaY 43 F it sk g™ R aE etk slot: 19 7 1% NaY 40 F 0 A7 el ik, e @A, X
KR W M PEREVEAT T, RIS NaY iR rEfe ] Wi m . JAis0d FHE 0y %
LT NaY 43 F i 4 5 7K 263 VOCs RO W B PEBE ,  Of38 o wo bk ) 25 s K MR RE A R A9 Y 2804010 .
LIU UV BE5E T PG NaY il W CBERS 2, 2 B Pt IARE T 5 B o F I B AL 45, 35 T X
CEEMEREME B . NIGAR 4517 48 T T2 S 00 F R RERR LY 3 A 0 O e 1 W B Rk TE A
IRAESS HE NaY . HY X OB Bt 758 it o X BB GR 1T T 00 T Bk PR RE . 4R HL . fhFi R
XoF A R 70 0 R4 B A B e, (R B R AR S B — B i 2 R LR VOCs W M RE Y RGEWFST . i
SR Tl RS E L HEA KD, Wik, ARUF5E L Nay B oF 0605 AW, MR . 1B .
PEACHRIE I PR S W o R A B AR T T, AR T MR SY T Tl B R HE Y 3 A e A e
45y VOCs N . 48 WK | 2R CBES &% VOCs 75 NaY 43 11 b i W fHtE Rl L e 23 3 3 g
SR RIE, SEIRHHERE SR, SN ELS AL, NBFIE Tl R A 0 A W BREAT A
%
1 SCIEEy
1.1 EEKFIFLEE

R NER . A8 K ZRAER GO Al) . WA T . NaY B (BT R2%), Si/AI=5.2.
AR B et de st b REEA B FRMOARAR, FE); N, %2 (Quantachrome Instruments
NOVA2000 %I [ 5 W Bt {1, 3% [E Quantachrome /3 ] ); VOC i 45 4G I { (MiniRAE3000, 3 [# £
Fit); X S LA B (D/MAX-2500PC,  H A Bl *% Rigaku); 37 & 5 45 1 7 B 30UBE (S-4800-1, H A
HITACHI).
12 SHEHERE

FES L T AL . FLARAL . FLAR A A B Bl 28 7F Quantachrome Instruments NOVA2000 % Wz fif 4% |
Mg IEH, URSCWI . I RT, BT 200 °C R 2 ho BESAY H 2 0 SR BET 3431
B AR TS N . 2R TR B4 B v BE AN R Ak FE 3 i VOC i #E 2U R Y (RAE3000) 1 4E .

TE W% BfF S 56, NaY 49 7 i 26 35 5 44 08 800 mg, & T N4 8 mm ¥ U B4 Py g 47 W Bff 52
B, S W A O A L (1),

10°FC, ~C
= t,— | =dt 1
=78 [ 0

w

A g WM AR, mgg's FRARMKEE, mL-min; ¢ HWEE, min; C,. C, 75l kit
oo W B B )R R AR VOCs i i Wk B, mgem ™y WO WG BRI, mes o R BT i
[E], min,
1.3 VOCs g [Mfscig

VOCs W B SE g8 B WL 1, v RLEH, IS ai Z M ER, MWl srh 3 . —MmREN,, —
P o SO VOCs,  — Bl SOt K 28R 8 B i A R A, AT R — e
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7 FH 2600 W B B (XS Na 43 F 9 Lb 3% T U
ML esery 7Tk, 25 R WK 2. fTUUA B 1 VOCs HMisKIRE
L A 0 LA Y W R A R 4R i T il g Fig. 1 VOCs adsorption experimental device
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ORI, EALBEIE By R M, B !
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S Ep/poﬁﬂ: LIRF, i IR % Fig. 2 NNaY molecular sieve desorpt;on curve
UL AR FLIB AR 5 R 83y 21 B0 fLAR oA

M2k R W, NaY 4+ 0 G FL R~ 32 2245 A 7
1.5~2.0 nm, WE{H K 1.92 nm, FEE NaY 70+
i kL HE B L L AR, T SE PR LR A 0.6~
0.7 nm. AR & W45 E s o3 A, o 0 00 LR
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i s e SR HE R 2 A, TR 4 Fig. 4 SEM image of NaY molecular sieve




2214 ok L i 4%

g

fig . —H & VAR 3 AR VOCs 1 35 T 1K l%jk_“‘*——k\\\\
B OxEMY. BRI 2GR R B AT, 190 -

TR BETE 23~40 °C. L, ASCETE R E R 5 18— .

660 mg'm™, %% & 30 000 mL-(g-h)" 1 &% 1F g op 4“\\\\»
T, PEHGEE 303, 318, 328K, Xf NaY 4+ 7 g\ﬁ 175

O B W B HEAT I, S S A S R S g

LA 1. N 303~328 K iF, NaY 4> T 1650 o CRLH

% 3 i VOCs 34 B 1515 5 1 W B 75 0k 5 TR B eor e
i 303 K 73 328 K I, 4B — W g [ 25 8 T 300305310 ﬁ?;/K 20325330
K T 3.66%, LR CLREMRMIA LT FE 1 2.87%, Bl5 REEXT NaY BH VOCs 1 SEfIRH L
BRI B 25 5 T T 10.0%, 7] WL, NaY 43 F Fig. 5 Comparison of VOCs adsorption performance by
755 T, B ) A2 R R B s i ok, & M IR A NaY at different temperatures

FIT 0B . EHEFL I E T kA 4 F 05 LR VOCs By W B #kS , 25 R34/ T 0, BifLE TR A T
1, T A LA B R R(EL T R o 3 O B R R A, L e TS R T R R
MW B S R AT UL, NaY X 7 A e B A Al R Bk, AR R L LR
CMEAE NaY b iy W B 724 52 30 2 (9 B2 M /D

2) 5 I [ 5 0 R A o 0 7 119 25 3 T 1) i T oMb 0, R R R SR B — I B S R T
AR R R, R, RIS RIS R 5% i, RIOVIREEC 5 E; MR
J3E 3K B RS E B9 95% IF, B A R BT 4 AU, DA B A B 3 27 02 T P 6 I T Ay 2 ] B, i R
22 31 O 40 AR R 80 A 52 6 A R IRE 8], 952 R A0 T IRE TR] E, JR B R A o NaY 36 X AN [

VOCs 1) W B B[] X%F be 1 &0 i [& 6 fir o, %5 10 -
375 B[] L 6 R B ] 00 B 25 S 0 0 B AR O DL i
%‘:2 10 0.8 -

K 6 /e e T i R E S 660 mg-m ™ i 3 _o06f
VOCs % 7 Il 42 (9 4 FL 45 5. AT LA . Nay 3
ST 3 Bl VOCs HI47 5 e (r W I g 1, 4T
A R R AR, 185 mgrg !, R 02} Erapl
PRI Z R 2843 500 176 mg g il 168 mgg™'; [ o LR
Sof TN i B 25 335 I R] B 1, A 220 min, XF4F — 00 50 00 150 200 250 300 350 400
H 4 2, R 2,18 43 5004 190 min 1 120 min, 5 I T min
NaY 45T 05 0 B4 Bl A S 1902 BBl 13X 4 6 NaYBRHIAR VOCs R9MHI 23 e
TR, AR LB B 170 mg-g . e 6 Acsorpton penetrtlon surves of
70 AR 53— 5 XoF TR D 7 O R BB A A — 2 R
BLPE : Cu-Mn-Ce/SA 1 35 B 7029 % T i . f 1 HiEME i”ﬁjﬁgf% |
W Tt 7 B> 1 ) 5 A F0 1 [ able enetration time and adsorption capacity
;ﬁj @];ij?; ?g[; ;I;ggg % ;agisrg.sgjl\’ﬁig é[ﬁ; VOCs 2] /min ARANESE]/min PR HTAS Y/ (mg-g™)
NaY 5F F 0 O M PERE . 7RI SEm R B, TR0 320 185
Na-ZSM-5 1 BRI 6 . 2o mg 20 33 176
FY W B 55 35 6 643509 SO min 1 35 min, d e  _ CMOM 120 20 168

F NaY 4> T 0% o @i %t Heal Ll B E " T=25°C, C,=660 mg:m>, 2530000 mL-(h-g) ",
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NaY 73 i B A WA R . MR )4 S0
R R B i

3) FE AU BE X W B s e . fh B 7 R,
TEE 0T MR R AR, B VR B2 /N 1 A2 £k
BRI S SOV A I o 2 T B R, K B AR Y
AL B IR G 5 2 1 S50 i VR B IR B — g
W B 5 ke AR, Ud B 43T 0 I RE ) 3 2
HLFTRY DA 3 i VOCs FY W BiE 45 35 2k v & 1 .
76 T vk AR T 660 mg-m ™ B, NaY 4 0 bf
3 A AR I B R T A 2, X TR R A2 S
TR G, WKW, 5T
i X N TR 5 2 TR 2 TR 1 ST 4 T R 2 & A 52
X, BIFEE T 660 mgm™ 5, LR LT
PhF 25t TN R o R R A RS
A3 F 0 3 A AR B 5 R TR R, A8
W LBROTR VA R 5 20 £ % B 25 2 430 A
196, 185 fl 176 mg-g ',

4) & VOCs X W Bt ERE 52 ma . Tolk -
T VOCs B SR — W 23~40 °C, R JEH
30%~80%"" . AW 5% FE AH X W B h 30% %
T (RH=30%), W% T 3 Fl#8 VOCs iYW Fff 2
BILS W 7R. anE 8 fin, NaY 410
W B 3 FF &R VOCs, HEL C/Cy K TF 1.0
IR . XK, 3F VOCs Fl /K 728 S A7 75 ik
ER AW, Of HLRE % MR R AT,
3 W R S5 o W O 4 K o B R Ok, RS
WOWER T ADWE, B cc>1", k2
A0, NaY 430 % 3 b5 32 VOCs Y W ik 2%
I T AR R R A o R

5) NaY 4> T 5 HY 4 F 0 B e o
NaY 43 Fifisc e HY 20 F0fi, 7625 C, 253
30000 mL-(h-g)™", 4B R vk 660 mg-m™
MIZAET, AT T X U B S 6, g b 27 35
M an & o pirn, W B 25 & 5 28 B ) L3 3,

AW R, AT AL D BT Y PR S 5 E R
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Fig. 7 Effects of different intake concentration of
three VOCs on NaY adsorption capacity
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Fig. 8 Comparison of adsorption of three wet VOCs on NaY

=2 TEBEA30% ZHT NaY X} 3 #1458 VOCs
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Table 2 Penetration time and adsorption amount of three kinds

of wet VOCs on NaY at 30% relative humidity

VOCs BN /min HOAIER S (mgg ™)
PR 20 5.21

LG 35 31.66
VT 25 24.99

. T=25°C, C,=660mg:m>, 7530000 mL-(h-g)",

SRR T A FLAS A PR A T A —

ERE LTl S RN RN, 5 ERGRMAY G, ALK &850 HY 55
T LR R BTREAR, X RBOLWR M A =L T NaY, H#3 NaY J6ib 20 fHif

6)NaY 43 i A4 PR FH 8 o R FH W o 32k W of Ak 3 VO Cs 15 it 280 2% SR 86 390 1 P A4 1)
B, Tl bE R FAE ik R SRR ZE A . AR . BRI ek LA R A . A T
HA R pydee e, 38 o & iR A 30T LR T A RO AR, ARSI SR A ELZS , 200 C &R
JULRRE P2, FLAE PRI PERR AN BT 10 FrR . I A RS, 55 1 IRIBERT R IE B T 100%.
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TEAE HPERE, 7T 2 RS T 04
7) W B E SR AR R R G R . A SRR ol
R, 43U X W B J5T A W o S o 32 4 F B ) -
FHA, WAL BE . WMERIESEZMNE 0" 50 Too 150 200 250 300 350
CEARCR il R BT 5 I B R SR R AT W B ] /min

AT 52 0 0 BfE A5 R o 450 T 3 b i A
VOCs B Y1500, o 3 5 W 45 1t 347 ¢
B, g5 11~F 13 fis.

PR b, R W AT L AR BRI R
AR ALAE . (BAEARSCI 43T 0 i A 2L
W B FL42 R 1.9 nm, K F VOCs 431 8l J1 2%
B, kAR FLAR FOR EE T AR N Y
PES B 2R R T LUE Wb XS
TSR A EEIEHEER, BIRIESH
B2 S A C O R o AR 5T o e s W o
() 3 B2 PR 25 0] fE & VOCs 19k 5 5 40 % 2 7
o, BEES AR, I LR,
PR 7E NaY 4310 L (W B 258 i i i o
F- 1 %) VOCs 114 49 P B 25 6L F A i £k 2
TREESS , Wb s KNS W Ak Sl 45 A7 2 K
BB, &R — B 2Rk S i & TN 4R &
fie, XM G 4P H RS> F R B TR 4y T AL
Betla] 2 AR R4S R AR Y, PR, L O B 2
NI K. 3l VOCs W B 25 8 K /N 4B — H
K> R CTR>E, HIEHETRER: 4 Fif A
B A R B A B A R, Y L A
VOC W B} %5 i A 3T B, 4 F i K A 48 —
RN TR g PR FG B ot et R PR TR 177 2 30
HR 0 0 X L R R 2 R K
2.4 WHHAZRHENE

FETE LT, AN TR e B B2 43 A R o6 5]
K ok B SPB I, R R W B A R A Sy
(4953 e O 22 ] AR W o 45 i 4 R T Rl A
HAE T WA (2). XF NaY 2Tt VOCs
114, KH Langmuir W Bf} 45 7% 77 #2 F11 Freundlich
W B AR R TS, A5 R ULIE 14 FNIET 15,

9 NaY 5 HY W B ¢f — BRI ZRiB B L A0 3T EE
Fig. 9 Comparison of adsorption penetration curves of
o-xylene on NaY and HY

#*3 NaY S HY MiSA —REXFENBESRHEE
Table 3 Penetration time and adsorption capacity of NaY and
HY toward o-xylene adsorption

T T
! min (mg-g™) min (m*g™)

HY 185 157 270 448.1

NaY 190 185 320 568.6

. T=25°C, C,=660mg:m>, 7530000 mL:(h-g)",

200 m@l&:ﬂqgi
r SN LR TR

180 '7 M L — I N

160 H 7 ] ]
~ [ A 1
w 140
e 120 H
£ ool
I L
K 80K
§ 60 H

40 1

20 [l

0
1 2 3 4 5
PEIRUEL

10 NaY 5 F 0%t 3 # VOCs B 1 R B
Fig. 10  Cyclic adsorption of NaY sieve toward

three VOCs
#z 4 MHMRAIHESH
Table 4 Physical properties of adsorbents

voc Mxa shfist W/ 20 CHEREE/ 20 CHE
S FRe Hfém K (gem™)  {5JF/kPa

HIE 10616 0.65 417.6 0.885 0.652

ZIRZBE 8811 0.48 350.2 0.901 10.10

TN 58.08 0.482 329.44 0.791 24.65
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Fig. 11 Relationship between boiling point
and adsorption

9 _ Kp
gn 1+Kp @
K g, WEKEMSS R, mgg'; K A Langmuir
A E R, Pals p AR, Pay PR BRIk
ML ER, WOBCK REIR T s> . iR
2101 7] — W B 7 b 1% 0 B 43 22 18] AN AE
RP g B A 5 3 36 R J0 5, T LK =X (2) &
150 (3).
11 1
=— 3
q qm+kqmp @)

W Vg X5 Up VEEL, ROESSEEHE 5 Langmuir

MR LA R, 25 ILIE 14, IZ EHERPR
5 8 HE oK 15 Langmuir 5 %8 K 1R R0 0% B FR
18 g,.0

Freundlich 77 A& &5 R KW, HEERFZMT,

1=177.61x+2.941

141 R=0.9851 m 7
L o AP
12 A LBZTE
! — WL B
10 y=8.419 9x+6.178 7
= sl F=0985 5
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0 I L 1 L 1 L 1 L 1 L 1 L J
0 0.02 004 006 0.08 010 0.12

1/p
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Fig. 14 Experimental curve fitting with Langmuir
adsorption isotherm model
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Fig. 12 Relationship between relative molecular weight and

adsorption capacity
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Fig. 13 Relationship between vapor pressure and
adsorption capacity
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Fig. 15 Experimental curve fitting with Freundlich
adsorption isotherm model
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Y EWIEBUROE . R, WM AR, BRI RS — e BE LS, Wk
AP, LA RN R B 7 e Rt . Y b SRR A Wi, Freundlich J7 F2 #1 Langmuir J5 24535 .
2\ (4) & Freundlich W [t 5578 5 #2 .

q=Kip" (4)
Kb K, ok 5 B R R W B R AR EE A DG 1Y Freundlich # %0; n oA 5 IR A CH B, KX
(4) PHABO L, 1558 (5)o 44 Ing X Inp VEIE, BCIESZ 50404 55 Freundlich BRI A& R EE DL 15, M
%R 5 #FE K15 Freundlich # %4 K, 1 n.

1
Ing=—-Inp+InkK; &)
n

-0 K F Langmuir 77 F2 480 A& B 8 &, Ui Langmuir 55 5 28 68 0 4 Mo 45 38 NaY 3 A W 3 A
VOCs i35 i i 72
25 WRMish ZE S

YOON 45 5536 ik H 1 Wi FRF ARk 23 1) = 28 3 AR R BF A AL (WL =X (6)), AR ] DIAR 47 b 40 & S #Y
FEML, SARLKFEMAMES . FIH Yoon-Nelson A5 %It 52 86 ¥ 3 E AT 04, Kb « Fik,
XoF W 56 S 9 AT PE AN o

1 C
t=7+—1In
k Cy—-C

X COMMERTIS ] 2 49 17T VOCs ¥eJEE, mg-m™; G, WHEH VOCs i, mgm™; kN HERSHL,
min s 7 2 EEE ] (R Ik B E L 509% BT XA IS ), ming
Fe BRSBTS, In[C/A(C—

Q)

.
O] 5 ¢ WXRE TR — AL, IR oL L ooss tesoss .
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Application of NaY zeolite molecular sieve in VOCs treatment
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Abstract In order to further study the VOCs adsorption performance on zeolite, the adsorption performance of
three typical VOCs on NaY molecular sieve was studied by fixed bed dynamic adsorption method. The effects
of adsorption temperature, humidity, concentration of inlet and physical properties of adsorbent on adsorption
capacity were investigated, as well as the recycling property of NaY molecular sieve. The adsorption penetration
curve of single-component VOCs was fitted with the Yoon-Nelson model from the perspective of adsorption
kinetics. The results showed that the saturated adsorption times of acetone, o-xylene, and ethyl acetate on NaY
molecular sieve were 355, 320 and 220 min, respectively, and their corresponding equilibrium adsorption
capacities were 176, 196 and 185 mg-g ™', respectively. The adsorption capacity of VOCs on NaY was in the
order of o-xylene>ethyl acetate>acetone. When the temperature increased from 303 K to 328 K, the adsorption
capacities of three VOCs decreased by 3.66%, 2.87% and 10.0% for o-xylene, ethyl acetate, and acetone,
respectively. At VOCs relative humidity of 30%, its adsorption capacity decreased significantly. Adsorption
curve intersection occurred when inlet concentration was 660 mg-m”. NaY molecular sieve had a good
recycling performance. A positive correlations were obseved between the adsorption capacity and the physical
properties of VOCs such as boiling point, molecular weight. The order of adsorption rate of three VOCs on NaY
was as follows: ethyl acetate>o-xylene>acetone. The Yoon-Nelson model parameters could accurately predict
VOCs adsorption behavior of NaY molecular sieve in a fixed bed reactor. It can provide basic data for industrial
application of molecular sieve.

Keywords eolite molecular sieve; VOCs; adsorbents; fixed-bed
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