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Adsorption selectivity of powdered activated carbon for

coking reverse osmosis concentrated water
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Abstract: The adsorption efficiency of different organic pollutants by activated carbon based adsorbent materials
varies in the face of industrial tailwater and seldomly reach a completely removal. The adsorption process of pow-
dered activated carbon (PAC) on coked reverse osmosis concentrated water(ROC) was analyzed in this study. The
results showed that the adsorption selectivity of PAC was mainly based on two factors. On one hand, the molecular
size of some long-chain organics such as tetradecane and squalene is larger than the optimal adsorption pore size of
PAC(0.5-1 nm) , leading to an ineffective removal. On the other hand, the mutual competition of organics for a
large number of oxygen-containing functional groups on the PAC surface and the lack of nitrogen-containing func-
tional groups on the PAC surface reduce the interaction between phenol-based organic matter and PAC. From the ad-
sorption process of PAC on ROC, PAC mainly relied on the pore size to adsorb aromatic organics through physical
interaction in the initiation stage, while in the middle stage the interaction between surface functional groups and or-
ganics dominated the adsorption of non-aromatic organics such as alkanes olefins. The overall adsorption process is
more consistent with the proposed secondary kinetics and Freundlich isothermal model.
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Fig. 1 The effect of PAC adsorption time and adsorption
amount on the TOC content of reverse osmosis concentrate
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Fig.2 UV absorption spectra of samples at different
times during ROC adsorption by PAC
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Fig. 3 SUVA,,, and UV, /UV, in the PAC adsorption process
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Fig. 4 Pseudo-first-order/pseudo-second-order kinetics

fitting results of PAC adsorption process
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Fig. 5 Langmuir and Freundlich isotherm
adsorption experiments of PAC
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Fig. 6  Pore size distribution before and after PAC adsorption
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Fig. 7 Cumulative pore volume before and after PAC adsorption
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Fig. 8 Surface morphology before and after adsorption of PAC

FH 14 8 AT R, PAC W B ir 2 10 L B & 35, AN TR] AL
A 1 LB 43 A v 150 B G 3R T AR A S Y
PACHI TH R M & & 7 REAIY, WL SR
GBI . PAC B S, 0.4~0.7 nm 3t [l 4 (1)
FLAR 76 W BRI T 2 T st AT U0 2% 315 4 FLBR T
XA AL T BB ) B L AR A N T R e T
T /NFLAR B 53 A7 38 W B IS 0.9 nm 22 45 LA T
PR FLA G 0
25 BUHMAN TS

it GC-MS X W B i J5 ROC i i A7 AL 4 41 43
HEAT R A3 A A5 RN R 3 R 4R

¢ 3 R 40 J0, W B AT ROC v & 45 AS [R] F 2
(A B 97 B, Horh LA ML 3L 15 B, 0 B
HI 5B AE VLYY 72.77% , W B 2 J5 ROC H A LY
HUE Ay 26 Bl Horp 2, 4- —ORCT JE2K AR £ B 1 o
W B I 43 A ALY B B 19 94.79% . W] LA H PAC
T A RCH XS 2, 4- ZORUT HE R M A R I A LY
HEAT W B, L B S 95 2 Tk e T o 4 B B T, B A
T B A A AT e 22 10 O s A, o] DI S
A [) 4 2 K HL A A 0 0 JRORED S B G 2 T
Jo i 43 AR B TR RE R B ROC b R Ay R it g
5 W) I3 1 W B ot O B M BT B

T ROCH A MY 4T B 2%, & A KEILIE |
DK s kg N 0 A IR S AR R A B A ALY, B
BL W) 45 48 1T DA AE — a8 B B 1 R [ 5 i Ak 2 1
R ROC H A BLI G & B30 L& B O
FRMAT 28, A 2R Ay i | B0 ok, BAE



KB Tolk 7K Zb 3 2023-05,43(5)

®3 WHAEROCHENYWAS (RENEH>1.2%)

Table 3 Organic matter components in ROC before adsorption
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2 (4R,58)-4-FHe—5-(R) - 1-t £ K -5 e — %{ ke i -2 ) 270.06 81357-35-9 1.27
3 3-FH-N,N- 2 R 165.23 91-68-9 1.27
4 AR Z PR —0E T Wk 278.34 84-74-2 1.5
5 N= S A S TR 165.23 52074-26-17 1.54
6 N-( 53X L 53 ) itk o —2— i — 153.17 190734-66-8 1.92
7 4P AL -3 RUT He R Y gk 180.24 121-00-6 2.16
8 2,4,6-= HI L ng 121.18 108-75-8 2.5
9 3.3-HIEE-2-T I 101.19 3850-30-4 3.14
10 (2R,4aR,8aR) - A ZE-2-FL 154.25 2529-06-8 3.14
11 (28) -2-F H-N- L I Bk e 116.16 71773-95-0 5.03
12 A0 I R — T i 194.18 131-11-3 6.62
13 WY 72.11 2919-23-5 6.75
14 2G4 FE IR 4R TR 127.10 860011-60-5 13.51
15 2,4- " RUT BB 206.32 96-76-4 20.63
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Table 4  Organic matter components in ROC after adsorption B i e A s A | el W L S I R R
Je) Kk *ﬁgﬁ? CAS % B 6@% AT ALY G I —3E . PAC TR B A5 1Y 2051
1 v s v s A ROC Hh A LY 4 153 A2 AL T TR 9 T s
2 BN S 134.22 95-93-2 0.51 PO TJT, PAC A 3 720 em™ Ak 2y 0 B2 A 47 %
3 e = T 26631 126-73-8 0.7 3, FEIE O—H M4 IR ol , R WITE M R T A R
4 MRTWRMTE 27834 84-74-2 0.76 S BEH s B TR BB i U S5 4 R E Y AR
5 2,4-ZRUTERW 206.32 96-76—4 33.86 Tl DLE S PAC £ 4 T o 52 M T 10 A0 H4E
6 RO 84.07 107-91-5 60.93
_ 27.17%
29.46%
1.10 6191132 1560 3720 10.02%
. LN 789% 55 46% %
N 1 L — LT
P i i i RSN
#) LOORA™ ! 63.15% =ik
l B Ak M)
095 W | — WR PR 1.17%
R — W 0.22%
09050 1500 2500 3500 34.84%
JKem™! e e

9 PACTRMIBIELSM L& ROCHENIA TN

Fig. 9 Infrared spectra and changes of organic matter in ROC before and after PAC adsorption
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Fig. 10 Diameter of organic molecules in ROC
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