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Breakthrough Characteristics of Dimethyl Phthalate in Granular Activated Carbon
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Abstract : The dynamic adsorption characteristics of dimethyl phthalate (DMP) in water by granular activated carbon (GAC) were investigated.
A series of column tests were conducted to determine the breakthrough characteristics, with effects of various water flow rate (0.65 ~ 4
mL+min~'), particle diameter of GAC (550 ~ 1 250 pm), influent concentration of DMP (50 ~ 400 mg: L™'), and quantity of GAC (0.75 ~
1.4 g) taken into consideration. As a matter of fact, the high DMP adsorption capacity could be achieved by GAC, and the Yoon-Nelson
model was found to fit the breakthrough curves well under all the conditions; the dynamic adsorption capacity decreased with increasing water
flow rates or particle diameter of GAC, but increased with growing influent concentrations of DMP or quantity of GAC on the contrary. The
values of breakthrough parameters of Yoon-Nelson model, such as K’, T, breakthrough time (¢, ) and balance time (t,) were obtained by
experimental data through calculation. On the basis of the relations between every influencing factors and above parameters of Yoon-Nelson
model, taking influence factors and breakthrough time into account, the dynamic model were set up, which can be used to indicate the

relationship between the effluent concentration of DMP from GAC column and breakthrough time under different initial parameters.
Key words: dimethyl phthalate; granular activated carbon; adsorption; breakthrough; influence factors
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Sl (Bg 3 ALDRICH, b L X\ A]), 4ifF >
99% , KA E KX 5.0 mg/mL (25C) , ¥ B/ KRR
W lgKow =1.6. L1 B F /KA %l DMP % # , DMP %
R A R 3 A 6 (55 78 LC-2010AHT, shim-
pack VP-ODS 8, ,150 mm x 4.6 mm i.d) fl 4 %
FEHE HbaiEEH4h:HiE 0.8 mL-min~';
Wsh MR BR A B B/ K = 75/25; 8 W & K 240
nm; 73 Hr B B 24 5 min.

NEFELLERABHRE SHERS KL
# BT00-100M, Jii & 0.2 ~ 30 mLemin~", %% B 41 &
NEVER WmEEMRAIRNBZEA SR E
E GAC.
1.2 EXRHIE
1.2.1 REXW

PRI T R EMEE R FONMIEE XK CRERE R 20
~35 H)1.2 g, R AR A, 3+ £ 8 FKHEBR 16
KBRAFHER, L BEARR ,EL, 4 ERE
% 0.65.1.2.3 M 4 mL-min"', )31 FE, [
BI85 T . (A — &2 B[R] BURE 434 . DMP %1 4R I
B 400 mg- L' ,IEWBIBRE KR 25C £0.5C.
1.2.2 GAC B2 W
WMERN2 mLemin™' ,JRKEN 1.2 g, DMP ¥ R K
JER 200 mg L' BORHT ,IHE GAC BLEHLIE 2 20
~30H.16~20 H.14~20 B >14 B(CEH R R
2514 550,1 000.1 150F11 250 pm, 3 3 & B 4 3
#4.1,4.0.4.0 F1 4.0 cm) Y GAC HITFE B IR .
1.2.3 DMP#/K¥EE W

EREN2 mL-min~" ,GAC R 2 HH# K 20 ~ 35
H.XBERN1.2gFBGTF ., DMPHIHBKE AT N
50,100,200 .300 #1 400 mg-L~' , 1T HFHBIRE .
1.2.4 GACxRE(HE)Z W

FEREN2 mLemin™ ', GAC R K K 20 ~ 35
H, DMP ]85 E 5 400 mg- L' MIRH T, KRB
WYk 0.75.0.9.1.10, 1.2 M 1 4 g(HEHEFEL
4 2.65.3.1.3.64.1f14.6cm),HITFERL.

2 ZRESiTie

2.1 FEERMABTRFER
Yoon F1 Nelson $2 i | X F GAC W fff B FF E

R AGHEHARHN KR EURBEEEREE RS
R THESRY.

b= z'ﬁujé-,,-llm.(ﬂli f’_"cp) (1)
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EER A, T Yoon-Nelson B 7 GE 4 18 4F # T
WEERNEE. HHKRERBHKEKEDN 5%
BRI AR FEEGERNFES ¢,), MY HKEELT
2E 7K ¥ 1) 95 % B 1% 1 I% 3k B TR B -5 (30 b - 1
Ap)P BEXQ)TUEBITN ¢, M ¢, 55H
14.44h M 34.65 h, XSENARHEB/HE ¢,
12.67 h 1 ¢, =36.00 h HHER K.

6

AdL

4L

2 -

Infcp/(ci-cp)]
o
|

1
0 10 20 30 40 50

;=200 mg-L""',»=2 mpL*min""'
M1 Imlcy/lcp~c)) Mt ZHMMAERMSE
Fig.1 Plots of In[c,/(c, - ¢;)] vs. ¢

¥ KT RERAR),ZEH:
C;

K(t-T)]

200
1+ exp[— 0.304 8(z — 24.370 1) ]

200 (m R L-l)
1+ exp(— 0.304 8¢ + 7.428) "8

= 1 + expl -




1740 78

10F — TMihse
o HAEB¥iE

K =0.3048h!
T =24.3701h
R?2 =0.9585

e ; |
0 10 20 30 40 50
i fa)/h

¢; =200 mg'L™", 7 =2 mL min"~"
H2 HBRMWATEEE
Fig.2 Experimental and predictedbreakthrough curves
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X1 FERKET Yoon-Nelson ME# M=l 54 % ML &
Table I Comparison between the parameters of Yoon-Nelson mode]l and experimental data with different flow rates

P e _—

v ] i W {H/h R FEE/M
N K'/h~ - - K R?
/mL - min T 4 2 T t 2

0.65 0.179 5 45.98 29.58 62.38 46.78 28.18 61.79 8.25 0.990 8
1.00 0.254 8 29.58 18.03 41.13 28.97 18.28 39.12 7.54 0.984 5
2.00 0.383 8 14.10 6.43 21.17 13.48 6.47 21.93 5.41 0.957 2
3.00 0.444 9 * 9,21 2.59 15.83 8.76 3.01 15.28 4.10 0.915 6
4.00 0.544 1 6.02 0.61 11.43 5.52 1.43 10.79 3.28 0.937 0
35 70 0.8

30 |- 460

0.7 g =~0.0314v + 0.6205
25 L. - 50 R2=0.9113
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Fig.5 Influence on the value of X' and T by different flow rate
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ﬁ% L1, %ﬂiﬁ*ﬁig () Eﬂ?‘éﬁﬁﬁ]‘lﬂﬁfﬂﬂﬁ
ALK &4 T DMP ZE GAC K I 9 2 & i+ 8] F F f
B d]

Wi X K =0.102 4v + 0.143 7 F1 T =
28.38v " TRARX(),TH1E.
400 x exp[£(2.91v + 4.08) v

-{.965 7 ]
P et(2.910+4.03)ﬂ-0 9657 ~0.965 7 ' ( mg/L)

C
28.38»

+ € - €

(3)
HHEBE 5 #HARFET GAC X DMP #3175 K
A B 4 % H:0.594 3,0.587 6.0.559 1,0.547 9
0479 5(g- g™ ) FEEREBHNE K, BUHRNEHAER
W /N, HERKRBELHEXR:q= -0.03140 +
0.6205 (R*=0.9113),iLE 6. XtLREFE N EBRE
T DMP 7 GAC H L& R R /NI .
2.3 A[E GAC B2 X FEIF N W
kA Yoon-Nelson B &I Hl & i A [F] GAC L& T

HEEHMR, HERWE7THAR, HEXEH SN
0.963 0.0.990 1.0.997 7510.998 6.
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Fig.6 Influence on the value of ¢, and ¢, by different flow rate
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L
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REIGT

& )R A B B 1R

SRS KT B3

PAE KE(RFR2) ANEREXTH, KEHEEE

FE 7 37 7

B R/

DIEFEHAKBER GACEZHTH K

MEEAZERN, AMITEHERA

(43K 3.49,

3.41 f13.42,°
ﬁ,%ﬁﬁ dp = 550 pm Bﬂ' K:?.ls,_l—j’

173,44+ 0.05) R BT IREFHRE

it 3 AR

) K EHEEER, XWAERE THRE/DMER

GAC K F

K 7K 7 45 B8 B () A X 384K T X R IR R R
HXTE RS, XRS5 R E
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DH—B . HR2TUEN, KT M, HEEER
KT R AR, A B3 ¢, MU BT K
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Table 2 Comparison between the parameters of Yoon-Nelson model and experimental data with different diameter of GAC

R BT ik B H/M ﬁt!ﬁﬁﬁfﬁﬁ/h X ”
/pm T L ty T 'y t',

550 0.291 3 24.54 14.44 34.65 24.47 13.71 36.0 7.15 0.963 0
1 000 0.170 4 20.50 3.22 37.77 19.96 2.95 38.9 3.49 0.990 1
1 150 0.163 7 20.38 2.40 38.37 20.27 2.67 38.92 3.41 0.997 7
1250 0.170 4 20.04 2.26 39.32 19.98 2.41 39.45 3.42 0.998 6

HEEX 4 M ARFIBART GAC X DMP Mzh A

%A 45 H:.0.484 6.0.407 4.0.405 6710.398 6

grg  NEHBERN AR X
8).FILIE W BEEN M K, 1IE X RHZA
FHAKHELHERFR:q= -0.000 127

Bz B/, H
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- GACR BRI XR(K

A AR FL K o

1) DMP B9 % Bt EE -
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2.4 DMP #K ¥ E X FEEFENE

EAF

DMP #

K]

FRIFERXEF,H Yoon-

Nelson B G HH ARG THFEHL(LE 9) .4+

BHA#M IO T # Yoon-Nelson 1

SRS K .T.

0.5 mg-L ' KXF 4.0 mg/L, M HHXLER R &
250.992 6.0.975 5.0.963 0.0.973 8F10.972 4. f#

E KRB N, DMP £ GAC EWFE S ¢, M
t, AWK, B F BB, A
EHKE RN, S EHFRE, X5 Lin £ 5

IZ%‘EE‘,‘

F I

"] fE & B

PR AEREHEM L LR FEESAM, X
Ry Y TR AEE " B B R B o BL A2 R R
o i £ R AR WY, T R BB T R R

7 R B R

B AR A FLBR 3, R AR R £ B Z A K 15
T 9 1 7 B 3 K R B G 8 0 T R A8 B A SR

Bt & DMP # K ik f

o T.¢, F o2, WA BT/ .

1.0

08

F e, UK, K'EREZ 3 K, R
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Fig.9 Experimental and predicted breakthrough curves with

different influent concentration of DMP
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Table 3 Compmson_;be_twe_e_n the parameters of Yoon-Nelson model and experimental data with different influent concentration of DMP
L K LUEL L ﬁm{ﬂ%ﬁ - K K
/mg- L T g t; i t') 2
50 . 0.1196 67.33 2.1 91.95 65.70 43.00 92.40 8.05 0.992 6
100 0.193 9 43.95 28.77 59.13 44.20 27.70 58.80 8.52 0.975 5
200 0.291 3 24.54 14.44 34.65 24.47 13.71 36.00 7.07 0.963 0
300 0.3212 16.89 6.77 27.00 15.90 7.70 26.50 5.43 0.973 8
400 0.3852 14.06 6.41 21.70 13.60  6.30 2.8 5.4 0.9724
0.45 70 t; =-2337.9¢,""°(R* = 0.963 0)
t, = 1431.7¢,">*°(R* = 0.998 8)
0.40 - K =0.1239 Inc; ~ 0.3705 160
) as R =0.9893 HP KATHHARENELABES Tsai £9
| 150 FE I IEHE R X HCFC-141b W& Bt — 3. 4R 48 ¢, 1,
:'Em‘ a0 g CACH R X RART UMM AR KRR %4 T DMP
0.25 - T= Rl;_fg-z,ﬁr:;"’ £ GAC B | /) 77 & i (6] 71 S g it 8] .
020 |- | 1° W% X K = 01239 Ine, ™™ f1 T =
0.15 - 120 1456¢, """ RAR(1),FHB H GAC & DMP 7k
0.10 l K { i 1 1 | 10 WE".;:" DMP E[:‘kalj-.mﬁﬁiﬁ :
TS0 100 150 200 250 300 350 400 450 0TI S
c/mg L ¢, = ci/[e("l 456¢, )(0.123 9lnc, -0.370 5) +1] (4)
» - - j;:
H10 RE DMP AR KR T B iﬁ&‘izsﬁ@mémﬁ? GAC 5t DMP #sh &
Fig.10 Influence on K’ and T by different U B 25 B 53 51 1 :0.334 5,0.436 9.,0.487 3.0.503 5
influent concentration of DMP #ﬂ0557 5 g/g. ’VEH‘_’. @ﬁwWEE%:: DMP EEZKI?"&
BHRXAR(LE12).5/LAFEH,ME DMP # Kk E
45 100 HE K, CACXERNSIERHAEB O ENIE XHH
40 | +4 90 KEELERXFR: g = 0.097 8Ine, *™° (R =
35 1, = 2337 90989 - 80 0.9625). EH#H KIKER KX, R Esh HRIT, 15
30 R = 0.9630 {70 $ 3% X DMP B 0% B 28R B 7 , DA T 3 25 1R B 2 B R
25 |-
s 2 - f=1431.7¢06m 60§ K
R2=0.9988 150
15 |
10 - 40 0.55 |- o
sl 4 30
0.50 [~
0 | | ] 1 | | | 20
50 100 150 200 250 300 350 400 450 %
c/mgL™ 2045 g =0.0978 Inc; - 0.0349

M1l FEDMP#EKREN, M, IEW
Fig.11 Influence on ¢, and t; by different

influent concentration of DMP

2 c; M50 mg- L' 3¢ im%| 400 mg-L™', K’ {HM

0.119 63 KF0.385 2, H L XM E &,

K’ = 0.123 9ln¢, - 0.3705 (R> = 0.989 3)

S, Toey o, WO BEE 3K ¥R BE B9 38 KT

BA,ENZHNEREHEER:

T = 145 6¢,”>™°(R* = 0.995 2)

R =0.9625

l l I : | | l
50 100 150 200 250 300 350 400

cymg-L-1

12 AEDMPEARENBHER ¢ IKWN
Fig.12 Influence on ¢ by different influent concentration of DMP
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In[c,/(c,—¢c,) ] EFERE ¢ ZEAHL(LE
13). %3 s M dnlc/(c - ) ] ZAREHEE,
Yoon-Nelson BRIl G HB{ R BT HFEEMEL(RLE

14) . & 13.14 7 W, AR A9 FEKEE T (c; = 400

mg-L'),GAC KEH 0.75 g KE 1.4 g(HEKHEH
Bl 2.65cm¥EXF 4.6 cm), FEMEAW 55 HE
B.EBERIn(c/(c;-c,)] 5 ¢t ZEF#(0.3990 ~
0.3745) B A LB HERES , BEAEL LRFF
a2, FINFEBERX (c,/c; 7 0.05~0.95) 1) ZF 1% Hi £8
WILFF4T, 80 GAC X+ DMP By R B B R A %
XEBEHEE)WEW,X5 Pan 2070 5ot 4 g W B 2
WHIRER -, WMEER R : EHFEK GAC K
BRI E&E T ,GAC X DMP By R B 3K 30 1 A
TPEERKXBHEB)NEW, FREREARFTFE
FEITEHEF T T K Yoon-Nelson # B f) 2 ¥
K. .T.t, M 1, ( BF 4), I RHABEHEEY
4 HEGACKE m K, K'{HEZHE /D, X
H T.r, oo, MAKWKR K KHTHHEERN
AR5 Tsai Z'Y HBTR—H.

fEH GAC K& m 5 Yoon-Nelson BB S ¥ K’
T Hie, t, ZEIPXRIME (B 15.16), KA FZ K
5 mZEHEREXR, EMNHXRREKXSHN:

K =-0.0779m + 0.477 2 (R* = 0.961 7)

T = 15.871m - 4.3403 (R® = 0.983 9)

t, = 14.743m - 10.571 (R* = 0.973 0)

t, = 16.986m + 1.900 9 (R* = 0.990 9)
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Table 4 Comparison between the parameters of Yoon-Nelson model and experimental data with different quantity of GAC

Bigit®{E/Mh RAeFr8{E/h
xR/g K'fh™! - , K R
T L ts T t, £ 2
0.75 0.423 6 8.07 1.12 15.02 7.70 0.90 14.90G 3.42 0.973 1
0.90 0.403 3 0.55 2.25 16.85 9.50 3.30 16.70 3.85 0.989 4
1.10 0.387 6 13.08 5.48 20.67 12.40 5.90 20.90 5.07 0.989 O
1.20 0.383 8 14.10 6.43 21.77 13.48 6.47 21.93 5.41 0.957 2
1.40 0.371 2 18.41 10.74 26.07 18.10 10.70 25.70 6.83 0.984 4
¥R K = -0.0779m +0.4772H T = WAESHH:0.256 8.0.252 7.0.282 8.0.279 6FI
15.871 m - 4.340 3 L AKX (1), R B N GAC B 0.2950 g g ' . AILIEFEH,FHIERNAEBMEREN
DMP B AKYEES GACRBHAEZBXE: MM A A LR KSR XA ERE I KE (&
c = 400/[6(—0.m79m+0.4772)(:-:-15.871 m=-4.340 3) + 1] (5) E)ﬁk %ﬁlz@ﬁm GAC Sﬁﬂi ﬂﬁ:ﬁﬁiﬁ] r—‘ly-

HEWH S REBRET GAC X DMP K3 &K

BEH sk k™, M T GAC X DMP # W% i B 7543 .
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