Kok TR R

Transactions of the Chinese Society of Agricultural Engineering

F33E O E2aM
2017 4 11 A

Vol.33 No.21
Nov. 2017 307

FATE R R AR REK N M R BB N FE R AN FR T

25’%i1123, ﬁ?ﬂEZflgﬁ, ﬁﬁﬁ%ﬁ%lgﬁ, jﬁiﬁ%ilﬂﬁ, Eﬁﬁﬁﬁulgﬁx
(1. FEALRMRHE KA Rl 2 5 TR, Bk 7121005 2. RN rs= i w24 ARl i s (%)
Mg 7121005 3. EFRMR RN ZEERE TREEARB 0, Bk 7121000

W E: ARSFAHTEES ORI, RS SEMNEREN T8, PN RO 7, B B+
AR, MR SRASIE R A (G R ARG DR, FExE HW B i RE 4T W 7T B Lagergren 1 — 243 F12 07 FE HE R Bh 124052
Elovich 7772 & W BT FEXS R B S N2l 77 2= I FE AT W s FIH Langmuir 25 BB AL, Freundlich &5 iR IR PHAR T K&
Temkin &5 ifF W AR RS 0o IR PR S5 30 BHE AT P A, It LR B I B2 0 7 R A T T o I LR S T FE I Ve &R
B, IR 52 SRR B 32 SRyt B WLER 1) 30 )1 22 I FE B INAF & Lagergren #E ) Jy5AR Y, WY BRHR R sy, IR
T 2 BRI AR R SRR, H T B S o SR R I FE B INAF A Langmuir 255 B RL, 3R 0920 Bt F2 58
TR TR . 298 K B, A HLER 1 M AN Bt i ATk 31 188.679 2 mg/g, R WIRGME 72 RPHBERE Ry
HLERI 1 P b sil. B 233 AG<<0, AH®<<0, ASC>0, WL TE R ERNT3E Fr G HLER 1 W Bl 3t A2 A 17
BT 5 R EAT BT RE . B 775 T T 2 45 s 5 TR BRI B S SRy HLER IO e it T B Lk 5 R
X

IR RM; B A% RHZ; mHERBOR, ANE; ERT

doi: 10.11975/j.issn.1002-6819.2017.21.038
hESHES: TS201.2 XHRFRRERS: A

£, RIE, FFE, 2EE, FEF. #MERERSKRMERT AR NERANFRFEI]. RUTES
iRk, 2017, 33(21): 307—314. doi: 10.11975/j.issn.1002-6819.2017.21.038
Jiang Feihong, Yuan Yahong, Ren Tingting, Meng Diaoqin, Yue Tianli. Adsorption kinetics and thermodynamics characters of
organic acids from apple juice by magnetic chitosan microspheres[J]. Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2017, 33(21): 307—314. (in Chinese with English abstract)

doi: 10.11975/j.issn.1002-6819.2017.21.038

YEHES: 1002-6819(2017)-21-0307-08

http://www.tcsae.org

http://www.tcsae.org

Wh o BB JVERT U AT TEOR, RO REPE S

0 = , . ‘
5! BHEA R REm BVEBE, A6 73 B FE B AT A i

o E SR A AR, 2014 4F o E 3 BOR R i A
230.72 5 hm?, 784 0923 /it, ¥WEHAEAM Y, B
SRR ESER VRN EE, EMLEREAE, I TER,
HFEP BOIRGSE R, A —, (.
DRI S R S SR ML 5 0 L T R 2 IR 3 SRR 1= b
BrEERE. ERPEGTEENANER, o3RS
HAENRR S EES 10 mg/g UL, —H VLR RIRIE
2B SERT AR B A Z R R, R
LERERRE I IR A 2k, R PisEn. Jugsr. ey
FFAERCO I st A ARXT 25 RO &5 A 22 T g, AT LA
P AR S e & . DR, W AR R & SRR
THERAE T KR A WL . (HRALGHENRIEE 7%, &
F5 45 2R T RPN MR AR BRI, 5] N A nik
A, JEERAIE A, AU ISR AN L

Weks H: 2017-04-25  fEITH#H: 2017-10-09

EE&WH: EXREMSHRITY (2017YFD0400702) ; E K AR 24
(31371814) ; WMRERHHGELTNIH (2015DFT30130)

PEF I 2RI, WA, FENER N AEMBEART.

Email: jiangfeihong2009@163.com

MIBEIER: WHEA], B, FENFRE TR A2 B AR

5t. Email: yuetl@nwafu.edu.cn

P DB WREMAERZ IS, BT
ZNHATEAKRMSEE. o ®Ralt. EeRs
QeRl LB UM AR AR S UL G B Aer il 45 Ty
o, SRR A BRI R R, 2 1
P RIRPT R MRIOTLIE 2 1, ARG, Kl HE. £
FHBNELF . ek, AR TOR 72 MR 7 55
KR P AR, JFE— e stk el H25E
BRI Sk, S B W, XL E R
HH, I S 72 R SRR RAR S &, ) S
FEIRBEAER . R T LU P 7 SRR 2 11 2 2k e (A1 SR W Py
AT A HLER,  SCRT DUR G AR ) R ey 7 A
IR S BURIE B, S B AR, TR RS
DETTENA R LR, A2 R 7 S
fig WENESERBEROEREA I AR X 2 2 Wy SRR L
My, HEJ®. QORHSEYI R AT TR Bh s 5RO
2RI B R R e S R B S SR
A VBRI 147 W B BT T30 oK I SCRR RS . BRIk,
AL T O 3 R A HUER W B IR (80 g 2 AN Ay ik
T3 M, B AE TN 5T SR IR B 3 SR LR PO
B A SR BT TSR AL AR AL 5 BOR SR



308 flk TR (http://www.tcsae.org)

2017 4

1 #MR57HE

1.1 #R5IRH

WA R A YERETEY) 70%) - T B BRI iE S
B AHRAT; TR (BABE 90%LL ) « MEE
GIRIRREMHEAREGIRAF; AB-8 KLt . WH
IR AR PR A A

NKEEME (FeCly6H,0) VU /K& B R IV 2k
(FeSO,-4H,0) « VKB (99.7%) « JREIRE 25%~28%
MIEIK . RFRS B 25% 10 8 . TRFR 5 33% 1k &
e AN, YN Tal; WRa . Rk AL
FE T LM RS (span-80) . Ak (FEFE 60~90°C) .
AR, YA,

1.2 UEE5EE

TR N BB 1T W4k SHZ-B BUKBIEIEIR 2% |
RS A TR A T BRIT T s JB90-S HUm fH 5k /)
IR IR GRS G R A A .

1.3 A%
1.3.1 Fe,0, 24 KBk 09 %) &

FI AL 2 LT i 4 FesO4 BN, HAL 2 I By
AT

Fe*"+2Fe’*+8NH; - H,0—Fe;0,| +8NH*+4H,0 (1)

# 0.05 mol/L /) Fe* ¥ 5 0.1 mol/L Fe* IF IR &
RS IR, FZUKRES pH E% 10, 4k4t
P+ 10 mine 80 ‘C/KIBZAML 30 min, BWHE=EIR, Wi
B, AWK R E VGRS
1.3.2 Btk R RABMIR G H) &

Be] 200 mL g5 4% RER R AW, 5
Fe;O, HLRAIZ R 4 1 3 IREWER, SERNRY
A1 A (40 mL span-80, 300 mL A4, 300 mL 47
WED o F=IE T PAEE 1200 /min #4830 min, 5
JAN 10 mL 6.25% 1% B W= N 1 h, BEINA
10 mL 6.25%1 % —BEE R L 2 he FTARF=MIRFHA
S, IR 0.1 mol/L EAAAANIAR . ZAIBKGEZE T
P, 60 CHETA
1.3.3  FERITA BN E

R AR S 2 R E TR B GB/T12456-
2008 £ o R R ) 2 Y,

1.3.4 EMAHAFERNFZHR

1) Bk

HERAFREL 0.500 0 g REPESEERBERER, A 30 mL &
BRI FHBREENIRIRE 2.32 mg/mL KIEEER
. A HIE T 298, 318, 338 K 3 MEERE N TR
W B, SRS [ PR B 1) R TR B R O, R BA O, KT B
] R, £33 3 PR N R BB s i 2k . FIRT,
bEEZSN NGRS b R R by e N SR IN7
WRE: 2782 4. 3.744 5. 4.649 6. 5.772 6. 6.892 2.
7.814 1 mg/mL. HURIFEIG IR L 1)3E R % 30 mL,
I 0.500 0 g fAVEFEIRBEREK, 2 HlE T 298, 318,
338 K 3 /MEERLFE TR 90 min CHRARE WPt 20 /14
i 2 7] 20 1 e W BRSP4 B[R] 4 70~80 min, %% 90 min

AT LRAIE AR I PP A7) o 44 0 BT BRSP4 i R i TR EL
Wk, FERSHERT, BA R B 58 SENE IR B 711
3R RS0 5E. € WS TE R, RI9E
B bR s F R A PR & &Y, 55 2T WLER T
= Q. FFLL O XA HERIREE CAER, 153 3
AMRE T R L. A& O Mt AR
(Co—Ci)xV
0,= o
X O 8 ¢ W2 WL I BB &, mg/g: Co R
HAENRRHIWEEREE, mg/mL; C, N ¢ I %135 BT A HLER
PIREE, mg/mL; V NSERIT SRR, mL; W RGNS
BRI R, g.
2) TR BB AR A
73K H Lagergren i — 2% R Bigh 77122 i fe s #E 2%
B 7% 05 FE NS 220 Elovich 5 2P R o B
PR3 N ) 3L FE R A LR PR 30 g 2 o Rl AT 2 vk
W7
Lagergren #—Z Mg RN AR (3)
K
log(Qe—Qt)—long—m-t (3
' K N Lagergren #E— %% N 5 172548 % 5L, min™';
O. NENIRI P &, mg/g; ¢ NWPIETE, min.
Lagergren # % N3 /17 WA (4)

! ! +L (4)

0, k.0, Q.

A Ky NUHE R N B 155 R g/(mg-min).
Elovich 7 WAL (5)

2

Q,=(1/B)In(ep)+(1/ B)Int (5)
R IR 3 2K, me/(g-min); S NARWLH %,
g/mg.
W ERY B LA R (6)
0,=Kat*+1 6)

A K Y HOR A, me/(gmin'?): 1 REIDFR
J2 JEL FEE T R B R S R 2, mg/g e
3) SR I P AR Y
N T DRI G LR W B I R ) TR R P A R
A, AWFFER Langmuir 25 5 FE'3) Freundlich
MR B 2t 5 R 28 e Temkein W5 P25 3 7 R 00t 4 LRI
P R AT AR
Langmuir W 580 HFE WAL (7
Ce Ley | 7
0., 9, 9,KL
Xt 0, NEWH ST EBEMEME, mee: KL N
Langmuir %0, mL/mg; C, AW P-FH7EG HLERKEE,
mg/mL.
Langmuir S5 28 1 73 — AN FEARFAE W] LA 40 5 R 4K
RKHER . R AR (8) PR
1

L (1+KL'CO)
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A K A Langmuir W% F-F47% 40, mL/mg.
Freundlich W &5 72 WA (9)
InQ,=bpInC.+InK¥ 9

X H Kp &7~ Freundlich f% KW, mg/g; br Rx
Freundlich Wy fft P41 % %1, g/(mg-min).
Temkin MR B 45 77 2 LA 50 (10D
R-T

R-T
0,=—(In4r)+——(InC.) (10)
bt bt

FH by RN 585, J/mols A 9 FHT 4 & 40, mg/mL;
R ONFRARSARH B, 8.314 J/(mol'K); T RAEXHEIE, K.

4) W B M

I FE A [ L RE T S A 40 W o 58 482 5 5o e et
IS FZHOHAT I . IRAEVERFE R T7HE (Van’t Hoff
equation) , BHZUREH (KD #HTEbrdE S A E
HAEDL (AG®) . FWHEMAE (AH®) KFRUERIA (AS®) ,
mak (D) . (12) foRil,

AH® AS°

=— + an
KL =="27 "%
AG® = AH® —TAS® (12)

1.4 HEAE

K IBM SPSS Statistics 21 Gtttk ik47 7 2
30T CANOVA) , X8 [K 2 5380k S0 A o 5 [l 1 22 57
BEKFRA P<0.05, BAFEMEENE 3 K, WP
I . A2 B8 Origin 9.0 BEATHE SR 924 LL R
R P35

2 BREHA

2.1 KM HFEERS
.1.1 AWHHFHE

AN [ T W 5 SROBE TR P 3 SR LR 1) 3
JIEEMR DL 1. BB L AT, IR R S, WA
TR, O B BT B R SR R . AR 3 AN
FER, AHERII & (Q,) B W Bt 8] i3 i 5 - T
%, Hi 40 min PR FRENS, 70 min 5, WBHEAR
RARZEMWANL (P>0.05) , ATk 200 T4, Wt
I, W B 772 15 VAR B LR A AE ORI B 22,
SRR RO BEE PR AT, BRI,
BB S E AR, PO P R E AR, IR BRI T
BT, [FIRE, BEEREER e, PR B = IR W
AN 43R 112,374 9. 105.558 4. 100.424 9 mg/g) , X
[ 2 26 I W P Ik AR R IO R R, T iR AR T R BE
BT o ARV HLERW I S R 5 RE (13D, HHIERENK
B, A B8 H B RRAR B il i i Fi A B S 11k
QETERL TR BIES T8, MRS — o B, X
WfERE o AR FEET i, ANLBR IR & i T .

MCMg -NH, + H'A™ = MCMg -NHj +A~  (13)
3 MCMs-NH, AR HEVE 72 IEPEER ;. H ARSI
HANLER: ARERANRIRE 1.
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Fig.1 Kinetic curves of apple juice organic acid adsorbed by
magnetic chitosan microspheres under different temperatures
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40t 20
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c. Elovicht#! d. IRy U R

c. Elovich model d. Internal diffusion model

¥ Q. NEHRFEW R, mggs Ot NZIBENERWIE, mgg;

¢ 9B 1E], - min

Note: Q. is adsorption capacity of magnetic chitosan microspheres at equilibrium,
mg-g™'; O, is adsorption capacity of magnetic chitosan microspheres at time ¢,
mg-g; ¢ is adsorption time, min.

B2 A e RABRIR R SRR LB 0 3h ) o AR A
Fig.2 Linear kinetic curves of apple juice organic acid adsorbed
by magnetic chitosan microspheres
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Xt Elovich B8, oARRYIME R MR FE, HER
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MBI 3 IRV MR IR B BB 1 T 1 AN 52 )R R
RN B & H AR AR FE, A W R —
2 [ N, Weber Al Morris $2 H! i A #59 BOi A9, 40
W sk AR 4 A 5 -l I A OV E DGR [ [ A A
KRz 3), 2N BIRORL N SALB A R, e B
BEL 70K 4 L B R i i B 1 A 220 AR PN BT OB A,
WRNHY BB 5 7RI, A Q1" KIFE 45 RN
AR AR I JE A, A B N B
W R R A PRI RIS ] 2d BoR 3 MR RIS
2RI RIS I 55, R BRI 52 SRR S SR A AL
TR BRI B It AR AN 2 N R B IR )

F 1 Lagergren RE N I FRBEERSHRBEXRE

Table 1 Basic parameters and correlation coefficients calculated
for Lagergren kenetic models
We— R )5 AL b e Ay L it
R / Pseudo-first order kinetic Pseudo-second order kinetic
Tempe- , =%, model model
rature/K (mg'g™)
K/ Oe.cal 2 Ky Oecal

RZ

(min™") (mg-g™) (g'mg™'min™") (mg-g™")

298 112.37490.099 0 110.537 6 0.834 7 0.001 1 118.624 00.998 9
318 105.5584 0.0867 16.19760.728 4 0.004 2 107.296 10.999 8
338 100.42490.0814 2.07460.5914 0.008 1 101.41990.999 9
T Qeexp ARILIRFBI G NIRRT R, mgg's Quen FIERITE
A LRI ft &, mg-g™'s K 4 Lagergren #E— 24 N5l /) S 3R

#, min'; K, A Lagergren #f “ R RiEh /1R, gmg ! mins R
IR e 8 R B

Note: Qecxp is experimental adsorption capacity of magnetic chitosan
microspheres at equilibrium, mg/g; Q.ca is calculated adsorption capacity of
magnetic chitosan microspheres at equilibrium, mg'g’l; K, is rate constant for

1

Lagergren pseudo-first order kinetic model, min; K, 1is Lagergren

pseudo-second order kinetic model, g'mg ' *min"'; R® represents coefficient of
determination.

% 2 Elovich BREFINERY HIRBE R SHREXRRY
Table 2 Basic parameters and correlation coefficients calcu lated
for Elovich and internal diffusion models

- Elovich ! P
Tempera- Elovich model Internal diffusion model
ture/K o/(mg'g'min"y pligmg") R*  KJ(mgg''min? R
298 515161 0.0500 0.904 5 5.6017 0.7105
318  3045.221 0.0971 0.764 9 2.743 5 0.528 6
338 105445.1 0.1404 0.6432 1.8420 0.406 9

o NVIEWE R, mgg " min™; BONMREEL gmes K, ANEYT
BORREH, mg-g ' -min?,

Note: « is initial absorbing rate, mg-g™"'min™'; £ is desorption rate constant,
g'mg™'; K, is internal diffusion rate constant, mg-g ™ -min~"2.
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2.2.1 BHERL

) P B 1 7 SRR Rl R W AN TR 9 BE 1 3 SR AL
B2, PTG 252 P 3. il 3 |40, 78 3 AR
JE (298, 318. 338K) ', MHEHEAWERTHIRE (C)
3R, FHERINE (Q,) BRI, (H2KEE
KRB —E RS, WY RPEER R A R AW A7
BRI B e R R PR R 2R, e A O B B AN R AL
P P AT FE (3G KT 3G K. 3 /MRS, Pt & (Q,)
HIK/NK RN 298 K>318 K>338 K, HIiR &bk &y, P4

B BB S T A, XA S5 B P 30 70 2 B R PR 45 SRR — 2L,
ESTRE R R BNR D) YA

5 165}

£ %50
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e
X g E135 R
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< %105} —338
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Fig.3 Adsorption isotherm under different temperatures
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W o 2T A TR R B4 B K RV B B R B Ry, 46
A 4d.

52
00351 A i it
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48
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Y
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c. Temkin5 iR MR d. RAERE

¢. Temkin isotherm model d. Ry separation coefficient
E: C WP MLERIR B, mgmL™s Co NWIEHE HLERIK
mgmL™'s R MBS BB
Note: C, is organic acid concentration at adsorption equilibrium, mg'mL™"; Cp is

N
o

initial organic acid concentration, mg'mL™"; R; is separation coefficient.
B4 bt o RABMIRR I F R ARG B F A bt
KB R B RBHAYE
Fig.4 Linear thermodynamic and separation coefficient R; plots
of organic acids adsorption onto magnetic chitosan microspheres
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Kl 4d 7740, R HIITE 0~1 YU 2N, RUIRTE T R0
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TUERXT I et B HLRR IR B E R 2 k7. IR H 318 K
A1 338 K W/MNMRE RIS R EARR S, RN
PE ST SEBERER T AT AR IR P e S 7EiEid 318 K B, %2
RS AR A K. XF Freundlich #27%4, by {H AT
DA SRR R I R AL E G FERE (bp>1: RG5O <be<l:
85, bp=1: ANl P, i3 3 0k, be (EIHE 0~1
JEEN, HREEVIRWMH SRR A S K E . Ke YK
UMW B BE IR AN . K (B BEE TR T =ik, R
TR BH BE FT R B, 3K AR R T B R OSN[RS 2

—. Temkin #ITHEBAA, A FoR P2 T4 &5 5
& 3 AIAL, A BEERENTHEIEE, RRAIRS
T P 770 R B B BR 2 [R) 1) 45 5 16 P i U 40 v 1 9k
9. ANFENEE T, Langmuir 5@ W FHEEITE 3 MR
FIM O R BB (RP>0.998) , [ Langmuir 75 & 7]
DA B PR ) 1 57 SROBE AR R B S S A LR 11 S50 T
M FE AT RERE, RAIZIR NIRRT T2
A2 B, R B 32 B AR TE IR BRI A AR T, XS
PR BB AL H I S5 1A — 2

R3 HMRERERERER T AIERNEZ RN ML

Table 3 Isotherm adsorption constant of apple juice organic acids adsorbed by magnetic chitosan microspheres

Langmuir £ Langmuir model

Freundlich 157 Freundlich model

Temkin 47 Temkin model

iR% Temperature /K

Ki/(mL-mg™)  Q,/(mgg™) R Ki/(mg'g™) bef(g'mg 'min™) R’ Ar/(mg-mL™)  br/(J-mol™) R
298 1.596 4 188.679 2 0.998 2 119.175 8 0.2271 0.968 3 41.6819 77.776 5 0.9822
318 15793 182.481 8 0.999 4 114.958 4 0.22738 0.963 1 40.223 8 85.3258 0.982 1
338 1.576 6 176.678 4 0.999 5 11116 1 0.2277 0.948 4 39.543 7 93.444 6 0.9711

WE: K 9 Langmuir ¥ %0, mL-mg™'; 0, NS T ZWAIN &, mg-g™': Ky Freundlich i KWK, mg-g™'; by 4 Freundlich W P-4 %%, grmg™-min~";

Ay NPHEEE S A, megmL ™y by FORWPH IR, J-mol .

Note: K; is Langmuir constant, mL-mg""; Q,, is monolayer saturation adsorption capacity, mg-g™'; K¢ is Freundlich maximal adsorption capacity, mg-g™'; br is

Freundlich adsorption equilibrium constant, g'mg™" min™"; 4 is equilibrium association constant, mg'mL™"; br is adsorption intensity, J-mol ™.

AT A IEIT Langmuir 555 % AR B o1 BRI REPE
76 I HE R S R AR R KR & (0,0 R
188.679 2 mg/g, FWIMEMETTRMEGUERIE Ny 1 FhREMER
PR S R A MR R AR m IR R B RrA s
TR B A4 ) (i 9 32 BEAE R AE D REA IR LA I & R A LB
BREETF M. 3R 4 A [RIFR SR B 70T B — A LR S A 2
By T A R (Q,) MILLEEE B0, % 4
AR, R 5T SR SR G SE JE VT A MR (W B KK v
T SQD56 M HEXT A K A HLER R I & . B AR
B85 Ty e BB A 0 AS [5) Fo S A0 AL IR 11 W Bt 6 77 A AH
[, WEAmEMK. REEAIE LN KBR. ke
TR RE G BT R DA K. D301 B -5 Hie b i of 397 R 2 1) e
KA B 8 K T W 52 SR BE Bk W B = ok, 3 Lol
W Rt 0T JFL B U B — A LR 1) R P B 3 T i 77 5%
PEOER o (1R R A, B 52 SRBE SRR W B 771 2 el
Fe; O, DT AN T2 RME ST 2 3 SL R Rk, Hp AT
A HLERWL I 52 0 R SRR S RN 1 5% W
PE 52 BB OERNT 3 B A LR B A 5 v ) B = 2 R R
TE AR 7 TH (1) 2 55 T J L R 52 465 4 (W PR A5, T I
P39 T 80T RGP ROERER T LT B 10 25 TR AT R B2 T
R BbAh, R ST R RER ] AR AN IREAE R
PUE MR e, JERW DR EMH, & 1 ek
X SR A LR T B PR LR 22 5% BRI B 551
2.2.3 R FHR

WRIEAR (D« A0 A2) HEAHET AGS. AH°
Fo ASCTHANZE 5 Fian. B3 S I, ERFERE R, Wk
I FR AARE T A T E AR (AGP<0) , R
REFE T DL R IEEAT, EARAE T AT E B Rk B R R
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Table 4 Comparison of monolayer saturation adsorption capacity
(Q,) of organic acid on different adsorbents

AR W it 751 BT REEMEME S50
Organic acids Adsorbents On/(mg-g™) Reference
WRITANRR S RERER
Organic acids in ~ Magnetic chitosan 188.679 2 AR 3C This work
apple juice microspheres
KPR
114.
Benzoic acid 3
= L1 JEL 1
KA SERATHLE R (I 5%
S Metal-organic 674.1 [36]
Salicylic acid 2016)
frameworks
et
Sorbic acid 78.7
. kT A Jom
vy ﬁ}%lﬁﬂ R 270.5 (Zhang, Het al.
Acetic acid ctal-organe : 2016)"7
frameworks
w R
Fulvic acid 167
BETR BRI RER i 149 (EHR 5%
Gallic acid Functional resin 2009)5
TR
Gallotannic acid 370
A K 7 _ .
Tarlt;i%c% in  SQDS6HR 135.81 CLH IR
. . Ny 139]
e —p— SQD56 resin hiHE4F 2013)
D301 BI-F
SRR A T [40]
Malic acid D301 anion 392.7 (138 2014)

exchange resin
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Table 5 Thermodynamic parameters for the adsorption of apple
juice organic acids on magnetic chitosan microspheres

WY Langmuir #OECRESAN E BBEE BRI AR
Tempe- Langmuir  Standard Gibbs free Standard ~ Standard entropy
rature constant energy change enthalpy change change
/K K/(mL-mg™")  AG/(kJ-mol™)  AH°/(kJ-mol™") AS*/(J-mol K ™)
298 1.596 4 -1.1557
318 1.5793 -1.2155 —0.264 7 2.9897
338 1.576 6 -1.2752
ﬂ: “
3 4 'L/l’:

1) AR (298, 318, 338 K) F, B
() PRI REA, R P 5 SRR B R S R A LR 1 R B
S BT, HAERT 40 min WP ZREH, 7E 70 min
I REATE B T . RN, RS REN] . R
FERARIT, IR BRI, 3 AR T BRSP4 W B 4 )
N 112.374 9. 105.558 4. 100.424 9 mg/g.

2) RFEREE (298, 318, 338 K) F, fithseRbE
TR I B3 S v A HLERR 1 R B Bl ) 2 R R A
Lagergren #E - Z¢ J Ni5l 7757 F2 (W2 R 50 RP>0.998) .
AT AR B, Elovich B HAT S m ARG, %
RF T 7 SR T BRI P S SR A MR 1) P2 A2 ol S 97 3ok
AN B R 2R G T AR

3) ANEEEFE (298, 318. 338 K) F, Langmuir 2
TR RS (ke RE RP>0.998) 17 P ok 45 L e o
BARRATINE, U B RE M 52 SR GOBR G A LR (1) W B A2
BT 80 T2 R, 298 KO, BcR i v AT i
A LLIAF] 188.679 2 mg/g. HHWR A S 45 BmT A1, AG°
<0, AH°<0, FKIZWLPERER AT LA B R T st
2, BEHMAT TR S AT ASC>0, K
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Adsor ption kinetics and ther modynamics char acter s of organic
acids from apple juice by magnetic chitosan microspheres
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Jiang Feihong™"°, Yuan Yahong™"*, Ren Tingting~~>, Meng Diaoqin™"",Yue Tianli
(1. College of Food Science and Engineering, Northwest A&F University, Yangling 712100, China; 2. Laboratory of Quality & Safety
Risk Assessment for Agro-products (YangLing), Ministry of Agriculture, Yangling 712100, China; 3. National Engineering Research
Center of Agriculture Integration Test (Yangling), Yangling 712100, China)

Abstract: The aim of this research was to study the kinetics and thermodynamics of organic acids adsorption from apple juice
by magnetic chitosan microspheres. Magnetic chitosan microspheres of 0.500 g were accurately added to 30 mL clarified apple
juice in which organic acid concentration was 2.32 mg/mL. Oscillatory adsorption of organic acids by magnetic chitosan
microspheres was carried out at 3 temperature gradients (298, 318 and 338 K) respectively and the adsorption amount at
different adsorption time was calculated. The adsorption kinetic curves at 3 temperatures were obtained by plotting the organic
acid adsorption amounts with the adsorption time. At the same time, 0.500 g magnetic chitosan microspheres were accurately
added to 30 mL clarified apple juice with different initial concentrations of organic acid (2.782 4, 3.744 5, 4.649 6, 5.772 6,
6.892 2, and 7.814 1 mg/mL). Oscillatory adsorption was respectively carried out at 3 temperature gradients until adsorption
equilibrium was reached and the adsorption capacity at equilibrium was determined after magnetic separation under a magnetic
field. The adsorption capacity at equilibrium was plotted with the organic acid concentration at equilibrium after adsorption to
obtain adsorption isotherms under 3 temperature gradients. The Lagergren pseudo-first-order kinetic model, Lagergren
pseudo-second-order kinetic model, Elovich model and internal diffusion model were used to fit the adsorption kinetic data.
Three isothermal adsorption models (Langmuir, Freundlich and Temkin) were used to analyze adsorption thermodynamics
properties. According to the adsorption kinetic curves, it was seen that initial adsorption rate tended to increase with the
increasing of the temperature. Meanwhile adsorption amount at equilibrium (112.374 9, 105.558 4, and 100.424 9 mg/g)
decreased with the increasing of the temperature, which demonstrated that the adsorption process was exothermic and higher
temperature impeded the adsorption reactivity. By comparing the correlation coefficient, it was found that adsorption kinetic
process conformed to the Lagergren pseudo-second-order kinetic model better (R*>>0.998). The adsorption constant declined
gradually with the temperature increasing, which also offered a proof of heat release about the adsorption process. Also, the
equilibrium adsorption amount calculated by the Lagergren pseudo-second-order kinetic model was close to the data obtained
from the experiment. Adsorption thermodynamics conformed to Langmuir isothermal adsorption model (R*>>0.998), which
indicated that the adsorption process was a monolayer chemical adsorption. Thermodynamic parameters Gibbs free energy
change and standard enthalpy change were below zero, and standard entropy change was above zero, which indicated that the
adsorption of organic acid to magnetic chitosan microspheres was a spontaneous and exothermic process along with the
increasing of entropy. The kinetics and thermodynamics process can provide technical basis for the adsorption process of
organic acid from apple juice using the magnetic chitosan microspheres.

K eywords:. adsorption; kinetics; thermodynamics; magnetic chitosan microspheres; organic acid; apple juice



