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Synthesis of silica gel modified with aldehyde group and its adsorption properties for heavy metal ions QIAN Yi, LI Shao-
quan.(College of Environment and Safety Engineering ,Qingdao University of Science and Technologv , Qingdao
Shandong 266042)

Abstract: Composite adsorbents (SG-1 or SG-2) with C=N had been prepared using glyoxal or glutaric dialde-
hyde,silane coupling agent KH550 and silica gel as raw materials. The structures were characterized by infrared spec-
troscopy (IR),thermogravimetry (TG) ,scanning electron microscope (SEM) and porous stracture analysis. The re-
search results showed as follow: (1) microcosmicly,the surface of silica gel was relatively smooth while the surface
roughness and porosity of SG-1 and SG-2 were obviously increased, which was favorable to the adsorption experiment.
(2) The adsorption behavior on heavy metal ions of SG-1 and SG-2 were more suitable described by pseudo-second-or-
der kinetic equation. The adsorption process was determined by chemical adsorption process. The adsorption behavior
on 4 heavy metal ions of SG-1 and SG-2 was reasonably explained by Langmuir adsorption isotherm equation. (3) The
saturation adsorption capacities of SG-1 and SG-2 on 4 heavy metal ions hoth showed Cu( [ )>Ni( I )>Ph( [ )>Cr
(VD). The saturation adsorption capacities on Cu(I[ ) of SG-1 and SG-2 reached 9.401,9.738 mg/g respectively. (4)
The desorption ratio on 4 heavy metal ions of SG-1 and SG-2 was not positively correlated with the volume of desorp-
tion solution (5% (mass fraction) thiourea + 0.1 mol/L hydrochloric acid). The desorption ratio was able to basical-
ly reach 90 % ,indicating good regeneration performance of SG-1 and SG-2. The desorption ratio achieved a maximum
value when the volume of desorption solution was 6§ mL.

Keywords: silca gel; aldehyde group; adsorption; heavy metal ion
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1.1 2&2R#

BERE G ULEE G (B F KH550, 2 B (%
YRRl M L R A, AR Y Rt e, BEe
BETFHNEREESEET.

1.2 ZE2MBELHHSE

LSM-6700 RlA &k FHARH B FEHME(HAE
BT A4 ) ; ASAP2020 B LW R HMILEBE Y
PR B (35 2 AU A s IRAffinity-1 B {F
SEEAR B AT AR OE S AN CH A 5 HE A | D TAS-986
R EFIR A 66 E T AUY120 R HF RFECH
FEGEBRATFD.

1.3 ZBF*
1.3.1  WRREAF R Y &

(1) ®EREAYTE AL

BEERET L IOERIERERF.110 T
B 3 b, 3FBEHE. RIETEE, H 18% (URE S50
BRBH 6 h, TR, AEREKBRRESE. ¥iEL
FHREETTHRAT 110 CTH# 10 h, XERM
AEFEL B NERRETHTAFEESH
BREH,

(2) B A6

Bt F e bk 10 g 3K 70~100 mL. A
FLEE 52 (BB R KHS50 10 g A E] 250 mL G
Fllo T EFEe b, RUERE, KKHH
¥ B NEH B R 4~5 W.BREBER MR
ERHBEA.RETF 6 CESTR.BITE
—NH. H{E LR K (SG-KD),

(3) SG-1#1SG-2(9 & i

M 250 mL BT A 20 mL 4% (FRE 5350
Z MW 10.0 g SG-KLREW S, FIBRA
/BRSNS TREATRESRNREE. B
FEBRUEEZGT C=NGHR,.BHFE pH=7.5.
BRI EFRKBHRP .45 CRBB N2 b, %
W iTHhE A P H=7 NBREZ
/BRI EN B E RGBT TRMET 80

CF4 12 h, BB _BEMmSG-1,

B 250 mL BEHEF A 20 mL 5% (RE 250
WTEEVS IO 10.0 g SG-KLIBAHA L KBS T
KB F,50 CRBBFERME 6 he HERHY
BT E,. A pH=7.0 (IR E /B — K
MR E WL, BT THRET 80 CT4# 12 h,
B3 BB A SG-2,

1.3.2 MEEHRIE

AL A HE TS W WE
SG-K.SG-1#MISG2y Mg . KBr E R . Hah A
KBr &1 1%, KBr iy Kl &2 HEE.

Xif ok 22 40 BH 19 B B . SG-K . SG-1 #1 SG-2 B 17 #
B, EEOTHERENAFAERR BEN
20~800 C . FHEHEZEH 10 C/min, TANEAS.

FMAREETEHMEX RS MR,
SG-K .SG-1#1SG-2 k 30 000 £ 347 3= T W T
B PEST .

1| T b 22 v L I 4 PR O RS v o 28 A B Y
RERE .SG-K . SG-1F1 SG-2 # 17 Wk i B it W Bt fth 28 19
Wi M E LR ML RE R,

1.3.3 R HRE AN E

BB — B RKL A HEHER.SG-K.SG-1
FSG-2, BMA—ERRMNESBEREERB,
BT TFHEARGSPES 20h#E 4 b 5, R T
WA Se e E R E EL R F AR ELR
AR DI ERME(Q.mg/g).

Q={(co—c)V/m D)
Rfico.c FHARKN. GESRE FREERE,
mg/L:V HEHAAER. Lim ARHFER. 2.
1.3.4  FAtaemmE

& 10 MBI, PR A B, M ABYAEZ
HEWPARMA 0.1 g 2T HWSG1.8G-2, 54
SAEHEERARIMA 2.4.6.8.10 mL BREGY
(RESFOHK 0.1 mol/LER ERTHBRR
% 30 min, 3 BT I8, BB T HRRELETH
10 B 390 3 0 A T A R B S 0 R i L R AR B

RQOHFEHERR, %),
R=Q,/Q.X100% (2)

RF Q.. QAN ANEAER . FHRME, mg/g.
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Fig.1 IR spectra for SG-K,SG-1 and SG-2
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HRIFERTETH, Mk R iE S Z 2 KW,
M SG-1FISG-2RY L AMEE H, 7E 1 640 cm™* Zb i 3
RFIMC=NIR Bk, B HHEEA g, LR
TRLOGHARRABERPHASECEBEEESR
- BISG-1#SG-2 3 & A & R E A3, B #
T HMBI =Y # .
22 REWH

BEB . SG-K.SG-1FISG-2 i E & | 2 Fr
R, HEBETHEKAEMR T LU HEAKRESR,
SG-K.SG-1fISG-2 B R EEFAEH T 14.29%.
17.35%.19.21% , B L HE W7 SG-1 71 SG-2 34 B 2 47 #b
RHESBRET. SH=YREERERTKEG,
HIREEA AT EMARE, £ 0~200 CTH,3 Fh
TE P B B A S ol [ e 3 T R PR K 43 A BB
REhn B gE K 2™ SG-1,8SG 2 & #£ 200~ 350
CERTHRERERS BV EBERKT KH550 &
N J5 T8 B A9 Si—O—Si g B 34 75 B 5 7E 350~ 600
CW,SG-1.SG2fT & THRFEEZZ @k —
SwibE B SRR RAC=NEH, SG-1.5G2
BRI TR 2% H W B (0~350 C)FI®
LB B (C>350 "C), SG-1,SG-2 1 #E B & 7E 600
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Fig.2 Thermogravimetric curves for silica gel, SG-K,
SG-1 and SG-2

0 100 200

2.3 L&E#H

MWERTALES, R REHN 356.56
m’/g, L &Z K 0.51 cm®/g, i £ & i /5, SGK.
SG-1.SG-2 1y b & B FR 43 Bl B A 221.37. 244,37,
141.58 m® /g, FLZA M BEAR 2 0.46.0.49.,0.26 cm® /g,
3R TR ALAW /D URESRES
FRSEMEREMIK. FETTEEE T B AN (D
ERNMEBPRESTER. SRILEWHEHEL;
(2) 3 T Jot A S B A RS ol R Jo e S R Js o 4 G A
MERASHRERTNEERRERS,. 5IAEE
EW,MIIEEAMMNERN SBRAS S THAR
KREBMALEZH., SG2XHWA B HEM L
SG-K¥ =5 , [[] i} B1HIE T SG-K #1SG-2 ¥ $4 F i £
SR, BISG2Hh & HFF R/ L Fl i C=NII,
SG-13SG-K I R 1, FL A 5 A AR 748 iy J R o B
B TSG-1fLERE . A B KIS,

F*1 BEMR.SGK.SG-1FISG2ILEMFELSY

Table 1 Parameters of porous structure for silica gel,

SG-K,SG-1 and SG-2

R B L E R L FHAE
ZEs /(m?« g™y /(em® e g7 /om
B 356.56 0.51 3.73
SG-K 221.37 0.46 5.77
SG-1 244.37 0.49 6.57
8G-2 141.58 0.26 5.82
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Fig.3 SEM images of silica gel.SG-K,8G-1 and SG-2
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7 25 C W pH=5.0 &M F #4720 h #&
ARHK, SR ME 2, SG-1% Cr( VD) . PbCI),
NiCT ) Cu 1) B % 7S 1 70 0% Bt & 4 51 4 8.968,
9.115.9.325.9.401 mg/g, SG-2 M 4+ Bl & 9.387.
9.676.9.735.9.738 mg/g, AT X C(IH AEFER
BB, SG-1.SG2X 4 MELBEE THESN
FEHEHYRIAN Cu(ID)>NIC(I)>Pb(II)>
Cr(VD) , H ¥ 80 8 & T 5k A1 SG-K fy #8285 48 F0 01 Ty
#, XERHNSG-1.SG2E S HEREMBENER
IRINBE R BB EHC=NHRK A, A&
AU T . ELBE FRE XXX ETFE
MEfE. BRBREEMW. SG2E R TE T KR
PEEENAMETSG-INEREN B E,
SG2aRER N —BHEKER, MEMENZ D
SHREAS FEUERKKEER, BEUH
ERAREEASHPBENHEEFRIRF KZhH
ELBEF. I Co(VMD) . P(ID).NI(I).Culll),
&Y aE R EREITETF5SREFRMLE SR
ERTFEH, —FE PbCN) Ni().Cull) &
R4 BELEY.Cr(VD B 6 B a¥: n—
FE. MR EEANARNES RS FHR
PEEARRER. XkE T ARESRE K REE
fEEIER,

£2 TEWMARI Cr(V).Po(I).N(T).Cu(l)H
BEEANEME
Table 2 The saturation adsorption capacities of all
adsorbents for Cr(VI).PbCTI ) NiC ), Cu(ll)

A AR R (mg - g™")

Ckk Cr( V> Pb(Il Nl Cu(ll)
it K 0.002 0.005 0.003 9.007
SG-K 7.657 7.966 8.032 8.095
5G-1 8.968 9.115 9.325 9,401
SG-2 9,387 9.676 9,735 9.738

2.6 BMHAHE

B—Rh f R BB RM b B RE,
FKIXRMAGB), WPSG-1.SG2 M 4 ESLJE H

FHIEREEE, U In(1— 20— E. BB —%

Qe
BHF TR SR 3,
—ln(l—8:)=k1t+A (3)

KA e AHRBES A hsQ, K ¢ i 2B I i By mg/ g5
Q. AV e MR me/gsky NI — BB N ¥ET
BHEERELLT A NERIW,

G B 71 % 77 AR AR B R R A ) A R R
AURTECH SRR, Al o 0 B4 ] R B R R
KRR, BIFESG-1.SG2H M+ HELRE T
MEIEIR . UL 0/Q, —¢ B BRI R T

BiUl&SEEK 4.
t 1 1
a——szz—l‘Q—et (4)
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Table 3 Pseudo-first-order kinetic equation parameters of SG-1 and SG-2 for heavy metal ions

% B A HERET B—RF 1% KB kqy/h7? R?
Cr(VD) —In(1—Q,/Q.)=0C.523:+0.041 0.523 0.677
SG-1 Ni([) —In(1—Q,/Q.>=0.505:—0.053 £.505 0.974
CuCll) —In(1—Q,/Q.) =0.4412 +0.093 0.441 0.988
Pb( ) —In(1—Q,/Q.)=0.,719: — 0,442 0.719 0.980
Cr(VD) —In(1—Q,/Q.)=0.708:—0.450 0.708 0.965
SG-2 Ni( ) —In(1—Q,/Q.)=0.625:—0.258 0.625 0.983
Cu(IlD —In(1—Q,/Q:)=0.456:10.097 0.456 0.987
Pb(I) —In(1—Q,/Q.>=0.6912—0.394 0.691 0.969

F4 SG1.SG2MM LRI AWFHFEMASHY

Table 4 Pseudo-second-order kinetic equation parameters of SG-1 and SG-2 for heavy metal ions

5 B £ sk ELERET Ei/ ot X k=i k2/(g+mg”!-h™1) R2

Cr(VD 1/Q,=0.0991+0.170 0.057 65 0.997

s Ni(I) 1/Q, =0.0871—0.226 0.033 49 0.988
Cu(l) 1/Q,=0.0901+0,184 0.044 02 0.995

Pb(I) 1/Q,=0.089:—0.273 0.029 01 0.987

cr(1D 1/Q,=0.086¢+0.257 0.028 78 0.576

ez Ni( 1) 1/Q,=0.085¢+0.215 0.036 84 0.991
Cu(ll) 1/Q,=0.691¢10.177 0.046 79 0.995

Pb(I)> 1/Q,=0.099:+0.218 0.044 96 0.950

g/(mg+ h). £5 Langmuir SREM A RINA S

32 3 FIFE 4 07 .k /T 0.8, 8l —Gsh 12
TRERZRY/DFUZES ¥ HE, HHSG1.
SGZHELRBTHRMEEHEHRT BX—F8]
. RS HFTEMERBEAKRT 0.98, 1
U—FS HE T REESHARSGL.SC2HMELEH
TH T 5 B2 B 5 ARy b 2 O ot AR e
e R Wt BB R A R R S ELEE T
ZEEE I Z R THRES .

2.7 AMBEAHF

Langmuir 4 5 W% Bt 75 B2 2 B Fl 5 T 32 i S 1B TR
MARZ— . FRERLRG) . BIESG-1.SG-2m [ 4
MESEE THIERHSE, U 1/Q..1/c. A EEEH,
Langmuir 555 W it 7 B4 S BN %E 5. Langmuir
FHRE M T BRI AT 0.95, BLHISG-1,5G-2
X 4 FE R BT R RS E -8 A Langmuir 4538
0 Bt 7 R A R, HL AR LA TR R TS

1 1 1
Qe:abe;ce
A e HPHRBIEE, mg/L; QB RRME,
mg/g;b WM RE, L/ me, FAE B T B L % B R
HOHRFAE B TR BE BRKE o DR U 30 IR BB R
2.8 BAEMEE

11 B R R IE B 5L A A A BR Y 8 R R % SG-1
SG2HEAMRBHER RRESEEEE T
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Table 5 Parameters for Langmuir adsorption
isotherm equation

5% HER BE

WH BT /C P K

25 1/Q.=1.399/c.~+0.034 0.992
Cr( V) 35 1/Q.=0.995/¢.40.020 0.998
45 1/Q.=0.764/c.+0.030 0,992

25 1/Q.=1.149/c.1+0.085 0.967

Ni(ll» 35 1/Q.=0.987/c.+0.072 0,978
7/ =

SG-1 45 1/Q.=0.699/c.+0.073 0.974
25 1/Q.=2.044/c.+0.024 0.998

Cu(ID 35 1/Q.=1.513/c.+0.028 0.998

45 1/Q.=1.007 3/c.+0.020 0.998

25 1/Q.=2.077/c.+0.018 0.996

Pu( 1) 35 1/Q.=1.571/c.+0.044 0.994

45  1/Q.=1.019/c.+0.037 0.988

25 1/Q.=1.085/c.+0.015 0.996

Cr(WD 35 1/Q.=0.929/¢.+0.09 0.984

45 1/Q.=0.694/c.+0.055 0.990

25  1/Q.=1.217/¢.+0.077 0.970

NicID 35  1/Q.=0.828/c.+0.098 0.953

=0.7 0. ;
SG-2 45 1/Q.=0.708/c.+0.041 0.973

25 1/Q.=1.571/c.+0.028 0.975
Cu(Il) 35  1/Q.=1.278/c.+0.029 0.971
45 1/Q.=1.004/¢.+0.028 0.991

25 1/Q.=2.008/c.--0.026 0.998
Pb(I) 35 1/Q.=1.748/c.+0.028 0.994
45 1/Q.=0.965/c.+0.030 0.988
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Table 6 Influence of volume of desorption solution on desorption efficiency
. R/ %

Lk SRRl Cr(WD PbC1) Ni(TD) Ca(
2 88.98 87.32 84.76 89.57

4 89.27 89.99 87.07 52.16

SG-1 6 90,71 90.04 89.29 95.48
8 88.48 86.54 85.00 88.43

10 86.81 81,75 82.80 85.56

A 87.90 85,14 85.73 91,03

4 88.66 88.35 87.79 93.41

SG-2 6 91.87 92.17 91.36 96.42
8 89.58 87.88 86.04 89.09

10 86.01 85.85 82.68 86.68

Mm% 6 FFR,SG-1.9G2% 4+ MELBE T®
BEESMBEREHRHFTEHNEMRX FRERELA
HE 0% AN R, B REAETR N 6 mL &Y
BEERERK, XE2HTSG-1.SG2EAFAILE A
AT, Y pH B, BRP HIRERS.H 5+
ARy AR ERELBE T RMEE.
SRR . RRESESRBE FEARER Y. W
BIRAES CuC )R {Cu[CS(NH,), 1} CL, A
15 82 I IR 5 R AR 4 T

3 5 it

() W#MWEE, B KRERERIEHE; SGK,
SG-1.SG-2 M A M B AL R BB K ] B 18
A R T R L A AT

(2) MZFK ¥ HFREIE G #MRSG1.56-2
X EERE TR AT N R AR B e R
Bk, SG1.8G2/ 4 MELEE FHRWAE
iE4 A Langmuir FR G FEER HdBER
5 F 2R

(3) SG-1.8G-2%t 4 MEL BB THBESMHEM
WM EHFEAR CulH)>NI(T)>Pb(I) >
Cr(VD). SG-1.8G-23F Cu( 1) & 2516 R B & 2
5% 9.401.9.738 mg/g, X Cu I EAERHE
i HERE .

(4) SG-1.5G-251 4 HMELBE THRRESE
WRATIE AR ETIE AR, BB REAR T LT 00%. 5
A PEEE REF, MR AT 6 mL BRI,

&% 3k -
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