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A Review on Factors Influencing Heavy Metal Ion Removal

by Adsorption from Water
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(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To deeply reveal the influencing factors in the process of removing heavy metal ions by
adsorption, the effects of temperature, pH value, adsorbent dosage., coexisting ions and
coexisting organic compounds on adsorption process are systematically described. These effects
are related to the properties of adsorbent and target metal ions and the adsorption mechanism
involved in the adsorption process. Clarifying the law of the influence in the process of removing
heavy metal ions by adsorption from water and the mechanism of this influence benefits
determining the adsorption mechanism, and evaluating the practical application performance of
the adsorbent. The selection of adsorbent is the premise to explore the other influencing factors.
The physical properties affect the number of exposed active adsorption sites and the mass transfer
and diffusion process of adsorbate; the chemical properties not only affect the adsorption capacity
and adsorption equilibrium time, but also determine the adsorption selectivity of adsorbent; the

effect of temperature is related to the thermodynamic properties of adsorption; the pH value
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facilitates changing the chemical state of the active site of the adsorbent and the occurrence form

of heavy metal ions in water; different initial metal ion concentrations in solution provide different

driving forces; more adsorbents provide more adsorption sites, but too much adsorbent may lead

to an agglomeration to affect the adsorption effect; the influence of coexisting ions in the

adsorption process is related to the type and concentration of background ions. The effects of

various factors on the adsorption process of heavy metal ions in water and the mechanism of these

effects are summarized so as to provide a theoretical basis for the removal of heavy metal ions by

adsorption from water and water purification.

Keywords: adsorption; heavy metal ions; solution temperature; initial concentration; adsorbent

dosage; coexisting ions
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Fig. 1 Schematic diagram of Co(II) removal from water by

iron-manganese binary oxide adsorbent!**

CO( ﬂ )(Hq) +(*SF37M“)‘>CO( ]_[ )751“&.71\/{1, (1)
CO( [[ )7SFC7Mn+Mn()2 +2H -

Co(Il) wp +Mn?" +H, (2)
Co(Ill )(uq) +CoCll ) —Spe—vin—>
Co(Ill) — Spe— v +CoC I (3

W R 550 4 T ) R 35 11 7 ke 2 W R v 43 2 o 2
€0 I SE 6 BH L bR T B P BB 5 R T ) B
WA BUICHR . KB H A LI Hi 5 D e 1 ny b 4
XF Hg CIDD W B 25 s A0 X F RAR B A 4 T 10
f51) . Zhao %5 38 2 L2 bk & B2 o Rk Ak, ff 2 3%
(—NH,) 1 #i 5 (—SH) 5] A 3] UiO-66 MOF #1
Bl HeCID W2 8 M 112. 68 mg » g 'R TF =
350. 14 mg + g ', Zhang &4 8 T 125 Bk g
(K 15 5] £F 4 Bk CUFB-PPy) ., F F 2 B /K # b (1
Cr(VD ¥ B T B 32 e Al A Ak 38 51 1 2% 0 B ot
£, HCrO, #f UFB-PPy ffify— N —m 5], 5 Cl
MBS T A 4 T A [ A W R R 3R I A R M A A
T 5 ® kg (PPy,) &£ L TR gk )5k Cr(11D
I 52 W PR 590 R 0. B A 2R Ty B 3 A AT LAk
2 I o Y- 10 A B8 55 FH DU 2 M B A A ol 45
2 T S D REAK 1 5 4 7 A RE XK Cr(VD iy i
B AT LAFE 30 min P A 377 KR 46 4 T W B A
it T 4 e S 1 I R A 2 ok e [

W 5FF 750 118 T 2 e T A S5 i) 81 W o % ek 0 2 A
S B[R], AT BE IR 23 5% W) AS [0 4 07 50 % AN ] 3 4
J B 1 SR A T 5 R TR R R A 3 R R
AE o % T 33K i Rz 6 2 % 1k A A 12 e B 12 (HSAB)
JE— B E S A B0 . HSAB B LR




4 [ . ]

Ko

R

Eird i 56 %

L T8 g S L R PL R AT DL A2 AN R X [ 43
B BUR - WIFR Ry 6 5 S5 R s P AT LA A3 e X 1Y
O3 B TR A BRR O B S S B 0T R N
Gy W 4y 23 1 Pros . AE BLSE R b, AR A R A
()5 32, TR B A Bl 22 43 . HSAB R IA s 5
i T 5 5 R B 1 485 o T R 2% ) 5 T e S o 4
AUV B R R BB AR R A A R
SE . MR4E HSAB HLG , 75 8 4 J& 5 T /9 W o, &
S JE B TR T B S e 16 P 5SS B, il
A1 22 1) A AR o B A AN ) 1 25 & 0 — 2
255, BRI T 0% BRI . A S IR T A
(18 2 (] A7 BEL SR A 2% 5 e A4 R W BEE e R v . AR R
FIZE I DA P 5 ) R FE R 5 ik s BRI Ol R,
U et N RS 2 iR VA= = A = E 7 N A
7 BH R BRI 8 JE 55 i g 20 | S0 56 A BE ) 1) SR ik s
'%"k%ﬁ%i&fﬁu%ﬁmﬁ%@@ﬁ&ﬂxﬁ%%uwﬂ%ﬁﬂﬁ
XK AR g Ph* H A T B ) 5 B I e
R PR Ry S A A ) 23 (17 B Pb;*E’J%%R#
A1 35 MR A R 5 M ey o K0
Table 1 Classification of Lewis acid and Lewis base'*
GiE S %W i
H,O,0H  ,F~ ,CH,COO™ ,PO,* ,S0,* ,Cl,
Weg  CO.* ,ClO, , NO, ,ROH, RO ,R,0O, NH,,
RNH, ,N, H,

1]

spla s CsHsNH,,CsH;N,N; ~ ,Br~ ,NO,~ ,S0;°" ,N,

- R,S,RSH,RS ,1 ,SCN S,0,* ,RsP, R;As,
(ROY; P,CN" ,RNC,CO,C,H,,C;Hs ,H ,R™
H', Li*, Na', K', Be?', Mg?' , Ca?* , Sr*' ,
Mn?" AP, ST, Gabt, In®t, La®t , N, BT,
Gd*" ,Lu*", Cr*t, Co®*" , Fe*™ , As*" , CH,Sn’ ",
SiLTIC L Ze L Th L UM L Putt LG L HE

fifg  WO'", Sn't, UO,*", (CH;),Sn*", VO*",
MoO*" ., BeMe,, BF;, B(OR);, AI(CH;),.,
A1Cl1,, A1H;, RPO, ", ROPO, ", RSO, ", RO-
SO, ", SO, I'", I'T, CI't, Cr*T . RCO™, CO,,
NC" ,HX
Fe’™ ,Co®" ,Ni*T,Cu®™ ,Zn*" ,Pb*™,Sn*", Sb*",

hial g Bi*T , Rh*T, I, B(CH; )4, SO, , NO™, Ru**,
0s*" ,R;C",CsH; 7 ,GaH;
Cu.Ag" . Aut, TI, Hg' . Pd* . Cd* , Pe*
Hg?' .CH,Hg" .Co(CN).? ,Pt'" , Te' . TI" ,

R

TI(CH;);,BH; , Ga(CH;); , GaCly , Galy , InCl; ,
RS",RSe’ ,RTe" ,I"Br" ,HO"RO" ,1I,.Br,

T R AR b 3R Bl 7 3

http: // zkxb. xjtu. edu. cn

EV‘QEE,,\WW@}EW@ 2 Fim
Yo Petrst

Y

PPD2HBA-Pb>" PPD3HBA—Pb2*
P&l 2 R SR R X PhY T I B AL
Fig. 2 Adsorption mechanism of Pb*" by two kinds of poly

(pyrrole methane) %

TE W A T 58 3k R v YR A 8 40 T R AR 1% 1 2 2
ey R S e B DR Ay X AR A R 9 A 20 A I 5
5 {5 A ) B R A RIS RO &R N IR AR R
T 1 W% B BIL B3 A3 D77 1] R B

2 JE T IR RS E R 52 i

T R Y PR RE M B B T — . FEK A
LE%W?MJMEP,/EBZMI#%&% 10~50C, [ Ny
XAF A2 BTG K I SE PR g OL . R WF 92 3R B, Wit
P B Bt 15 R A A8 AL R I R — 20, A A TR R
Bk 2 e kK0T A o IR R 1 T R W B 4
R RS

ek T W SR R 1 S i A A R R A5 T 2
SR BT 2B, AR R L A b R IR
25 T o 25 TR R AR R T SR AR . R IR S5
LW R A T A B RE AR (AG) VKSR (AHD R AR
(AS) 5 26 BUIA J) 22 2 BOR TP A #4002 52 50 4
Pt Hoh AG 2 ) W g B AL B RS A Kk E AT AN
F R — A A N R L AG BB 67, 350 1 Wi
WA S A & DT B T B T4 T R
AR AG SR ML R 2.

B T X W B B4 AR T e AR P A R e A L TR R
o 30 23 5 W 3] W2 B0 A R B 1 I A SRR R 5D A2 B, B

T 52 Wil W B E . 4N Tgberase 45 & 3, 24 i 2 i 2o
45 Caq“,n%‘%ﬁ%*zfﬂﬁh FASAE 7K 32 5 e 1 3 T 5
;ﬁ%ﬁw*umﬁ,%ﬁ A~ B W R LB 5T R/ B4
SR E A MR 4 S 1 0 W B A R R

3 W RF TR 2 R YA e e B ) 5

“Eﬁﬁﬁ*]ﬁﬁ%,fﬁﬁbiﬁﬁquﬁﬂﬂ'ﬁwﬁfﬂ‘m@f,
FANLIEE R g o L2 VA MBI M BE 0 — A F
fEhr %EMP7ﬁﬁ%£ﬁﬁﬁﬁ/}é@[&ﬁﬁuﬂ§§fﬂﬁ‘ﬂ
RELI) R A 200 SR o 3 ek 2R ) O B R0 R e A R 1Y) S ok




$e

T 565 TG A 25 B K R o < R 85 7 1Y B i R 3R T 5

k2 ETEBAWIEREPEIANA BT AG K
e T AE L

Table 2 Change of Gibbs free energy change (AG)

with temperature in the process of heavy

metal adsorption

W o 551 R T/K AG/(k] + mol™') 3CH#k

293 —3.770

ZnCIl) 303 —4.798

313 —6.014

293 —1.398
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313 —1.979
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