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Effect of N-F doping ratio on terramycin adsorption performance of TiO./bentonite composites

WANG Teng', LU Hao—yuan', ZHANG Meng—fei', BU Shuai—bin', REN Shuang', SHENG Li'?*, MENG Zhao—fu"*"

(1.College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China; 2.Key Lab of Nutrition and Agro—
environment in Northwest China, Ministry of Agriculture and Rural Affairs, Yangling 712100, China, 3.College of Chemical Engineering,
Qinghai University, Xining 810016, China)

Abstract: To elucidate the effect of doping ratio on adsorption performance of TiO»/bentonite composites, a series of nitrogen—f{luoride co—
doped TiO,/bentonite composites were prepared via the sol-gel method. The prepared composites were characterized by specific surface ar-
ea(Sper) and cation exchange capacity(CEC) analyses and scanning electron microscopy. The effect of doping ratios of N and F on terramy-
cin adsorption was investigated through batch experiments. The results showed that N=F co—doped TiO, was successfully adhered on the
surface of bentonite. With an increase in N doping ratio in the N—doped TiO./bentonite composites, the coverage degree of N—doped TiO,
Sger, and pore volume of the composites increased, while the CEC and average pore width of the composites decreased by 36.24% and
1.74%, respectively. Moreover, the particle size of N=doped TiO, decreased from 50~100 nm to 25~50 nm. When TiO, was doped with N
and F, the Sger, pore width, pore volume, and CEC of the N=F co—doped TiO./bentonite composites were higher than those of the N-doped

TiO./bentonite composites. Compared with the undoped samples, N—doped TiO. caused a decrease in terramycin adsorption (14.30 mmol -
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kg™ on an average); however, N—F co—doped TiO; increased terramycin adsorption from 37.98 mmol - kg™ and 40.90 mmol - kg™ to 42.95

mmol - kg™ and 43.73 mmol - kg™ when the N doping ratio of TiO, was 0.5 and 1, respectively. The results demonstrated that the high adsorp-

tion of the N—F co—doped TiO./bentonite composites to terramycin can be attributed to the increase in negative charge, pore diameter, and

pore volume of the composites due to I doping.

Keywords : co—doping; titanium dioxide; bentonite; terramycin; adsorption
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Table 1 doping ratio of N=F doping TiO,/ bentonite composites

SE  ppo,  BD-TIO.  BD-TIO.  BD-TIO.  BD-TiO. BD-Ti0. ~ BD-Ti0.  BD-Ti0,  BD-Ti0,  BD-TiO,
Elements e (NO.5) (N1) (N2) (N0.5F0.01)  (NO.5F0.05) (N1F0.01) (N1F0.05) (N2F0.01) (N2F0.05)
N 0 0.5 1 2 0.5 0.5 1 1 2 2

F 0 0 0 0 0.01 0.05 0.01 0.05 0.01 0.05
TE:RPECFFOR A RPIFOCR 5 TiOCR IR TR L
Note : The figures in the table represent the molar ratio of N and F elements to Ti elements.
F i i % (Scanning electron microscopy , SEM) #E 47 ; g = K.q.C.
1+ K.C.

FH 2§ ¥ 22 4 5t (Cation exchange capacity , CEC) B
K RN - KR 1P
1.4 R B SELE
1.4.1 W Ff 8l g2 5L 5

Bl 12 S SR FH A - i s e sk S N AT
T EEWE R N300 mg- L, S T4 0.1 mol -
L'KNOs, i £~ 25 C, pH R 7, BUFERT ] 8 0.5, 10,
15.20.30.40.50.60,70.80 min, %3k % & B 8] i , B
EIEIE AW R iR R I i [
5T R o S5
1.4.2 S5 B 5256

5 TR R O S R A P 0 A T, LA TiOLAE Ry
PR A AN ER . R R 0.15.30.
60.90.120.,150.300 mg- L'8 N1 &, 24 & — i ke i
KNO; VB AT 58 7ERE N 25 C .pH N 7. 8 Tk
FE2R 0.1 mol « L Z5 44 F 47, AT A1 4 1 h (i 8l )
2RSS AL AT ), TR LI A R R A T SR,
+ B RIS TE SR 1 h BC TR pH, BG4
A7

HERIFRIN 0.1 g FESL A F] 8 H 50 mL R MUK £
WEEDAS R IR 20 mL F RS [ i+ 55 R
W, BT 3 DR E, 25 CANLS0 reminT' 4%
R B E IR 1 h, 2R )5 4800 r- min™ B 0> 15
min, WE IR P 8 R AT 220k
WAL 4 B 2 0 W B . - B W R SP-
2100 B4 UV=VIS 4366 FETHLE 275 nm Tl .
1.5 iR IE

TS W OR N NI /N g <

_(co—c)V

1= m
e AWTLRURE , mmol - L5 e - K &, mmol «
L7 VR BAARTR, Ly m R RE G 0T, kg ; g SR 1 W 6
%,mmol-kg"O

K F Langmuir B B 4015 BD-Ti0. & & 4 FBHT £
B 2 W B A IR 2k

K q 15 R 0 B, mmol - kg™ s C oA
W R R W, mmol - L' g A A7 5T W
8 FE S f KW B, mmol - kg™'; Ki oA Langmuir 5 %!
WA ARG B D I Y 7 R CurveEx-
pert L4FLE AR TIRLREILA

2 HERE5HMH

2.1 BD-TiO.E & ¥ HIRAE
2.1.1 SEM

R 4B 4= TiOLNEE 152 5 Bk SEM & UL ]
1, I 1 Ca) AT 50, ARABARI0 TiO/ M E + 5 4 M AL (B-
Ti0,) 2 JZ2AREE5H , F 11 B2 A Tio S Bk, B AR
2978 50~100 nm; b & A A5 2% HL B 1934 K, 525 kL
FEAI Y TiO, 78 75 F2 B A W 1 K, 55 B-TiO. A e, TiO,
Wik FLA2 U8 /N , BD-Ti0,(N0.5) \BD-TiO.(N1) A1 BD-
Ti0,(N2) fRRi 4243 51 K 40~60 nm (& 1b) ,20~50 nm
(B 1e) F/NF 25 nm (B 1d) , R 13 H M 242 Tio,
SRR B FLIR 2544 .

WA T EEMEIN R,
BD-TiO(N1)AH L, BD-TiO,(N1F0.01) FE i (Kl 1e) %
A1 2 5 4 TiOL R0 Py P SR R B 04 K, 7 o I
TR R R G BT s, B 3D SOk A G
i1, 2R 101 B ELAR AR LA 2544 5 T 34 48 2% e
i, BD-TiO,(N1FO0.05) #F iy ([ 1) F [ (45 4% Ti0, it
L AR /N (20~40 nm) |, ORL A3 A1 3415) , JC W I 1A 2R
PG, 255 W B I A 2548 S TR EICE:
2.1.2 HRmAH AL

&1 2 2 BD-TiO, (NxFx) & 5 B4 N, 07 B 45 3
2 FLAR B WL 2. T SE 1 BD-Ti0.(NxFx) #F i
B 5 7t IV R A L2 PR S I 2R R H2 B i s 2 (&
2a) , ZE W TR 45 1915 2% IO/ 1 + 2 & A R FL AR
Sy A AR 5) AHALBR A5 52 2% , &6 BRI FLBR AT
A A2 PR ER T A S R T A A (R B L2 [ 2b A A
MORHLAR S A 25 5, WAl U, A8 22 L AL
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Figure 1 SEM image of composites
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0.0301 -+ B-TiO, b
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Figure 2 N; adsorption isotherm and pore diameter distribution of B=TiO, and BD-Ti0O,(NxFx) samples

7 R EERAATE 10 nm 247, HEE BB 4= HL i pY 18
K, B EMBHURIEI RIF BN, BB 2 el 1,
BD-Ti0,(N1) f) L4 (8.93 nm) K T R 4B 42 FE i B-
Ti0,(8.23 nm) , X 5 SEM £ 21| (1 T8 55 AR L AHAF o
Wi E E B A LAk S K, 56 M RLR TH A 4B 2% TiO,
AR IR/ IS 78 i R 1 R, MR T ok 1 (1) B L AL AR 1
K AH SR AB AR R 2 B, Ti0, LT85 I 1 + 3¢ i
e HERSL B I el 2 | i AL AR R LR
/NG M5 B-TiO, X AL A A L, A - LB 2
FE LA S0 A U BT, R T E 4G S B E A% 20~30
nm fLil , BD-Ti0,(N1F0.01) 1 BD-Ti0O,(N1F0.05) ¥
S LR 43 5 R 12.55 nm A1 14.51 nm, 5 BD-Ti0,
(N1)FH HC A3 B8k 40.54% F1 62.49% , 35 W #.45 4% ]
IR AR R FLAR FFLAR TR, HALAERE R

B AR LB R R

HEECHE 5 CEC L EL R AR e 25 R WK 2. CEC
ME L BRI, 5 B-TiO M L, BIB I 21 i A A b
K CEC FRA%, Bl RIS 2% e B B3 K, CEC KL H )
FEAR S THm i 3 M BB 2= L6 1, CEC ik 3]
e /IME , 5 B-TiO A L B AIK 47.97% ; %F F BD-TiO,
(N1F0.01) I BD-TiO,(N1F0.05) , CEC 75 1t ifi 5 45 22
Fb 9] 4 48 R T 36 K, 55 BD=Ti0, (N 1) AH H 43 5138
24.62% 1 43.56% , (BAT/NF B-Ti0,. 0 W2 —% 15
B SRR A AR 1T B ey 4500, T AE BB 4R 0
fill b BB BT E , E A MR R U g & B
2Tt

F b2 T A ZE SR AT S, X T — R B Ak R
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R 2 B-Ti0. K BD-TiO.(NxFx) E & #1 #4#) CEC K bt RER
Table 2 CEC and specific surfaces area of B=TiO, and BD-TiO,(NxFx) samples
4 F Treatment 4 CEC ] R o Lz ALIEH .
Cation exchange capacity/emol - kg Specific surface area/m’+g Pore width/nm  Pore volume/em’+g

B-TiO, 45.97 47.49 8.23 0.08
BD-Ti0,(N0.5) 36.94 46.02 8.10 0.13
BD-Ti0-(N1) 23.92 46.33 8.93 0.12
BD-Ti0,(N2) 27.07 48.06 7.23 0.09
BD-Ti0-(N1F0.01) 29.81 46.87 12.55 0.16
BD-TiO.(N1F0.05) 34.34 47.15 14.51 0.16

4 BD-Ti0,(N0.5)<BD-Ti0,(N1)<BD-Ti0,(N2) . Pfi
HARBAHIRIE K, A MR E B S Tio iR
SUSUN VAN & iR S N R R SRR A ]
BB K. X FR-FILB 445, 5 BD-TiO,
(ND)AHH , BD-Ti0,(N1F0.01) 5 BD-Ti0,(N1F0.05)
1) LR TR — 230, 23 SR 1.17% F1 1.77%
2.2 X7k = E R B R B) 1 R &R R SR IE

A TE4B 2% 5] BD-Ti0, % 5 2 19 W B 56 g2
e A5 W B S a4 SN P 3 BT R o P W sl 2tk
K455 (1B 3a) AT AT, TiO, B 52 A M REXT 4 85 2 1 W ff
HI1E 40 min J5 i85 P, PRI S 202 S5 T IR 96 5 56 s 1]
Y E A 1 he B Langmuir 5835145 (0 W B2 500 0L 36
3o AT it X 25 2 W B A IR R P UL 38k B S
A, B Langmuir BERYIE T8 A 0RE i 0 + 2%
BRI FHRRAIE

Bl 3b b B — R 4B 24 B o B R 1 W B 4
MEH AT LUE Y, KRB A R AR E MR L &R
(AW B e 23K F T, , H— BB 2R X - B R K
B4 241/ T B-Ti0,(44.80 mmol -kg™") , B & AIB = It
BB K, FAB A E G R R 55 2 W e e A Sk
K5 U/ H BD=Ti0, (N 1) RE b Wz Bk e K,
40.90 mmol - kg™'o M EIB A4 HHIh 0.5 B (& 3¢) , Bl
ERBILHIIEK, BR-FILB R E G MR 125
(W B T K, 55 BD-Ti0,(NO.5) A & A EL
H¥E R 1.22 mmol - kg™ F114.97 mmol - kg™ ABAT/NT B-
TiO.; M4 E B < el 18 (K] 3d) , B 40t + 8 %
Wz B A 3R THVE A/, 5 BD=TiO (N FE b A e
BD-Ti0,(N1F0.01) 5 BD-Ti0,(N1F0.05 ) #f & % + 55
Z Bt 43 ) 18 K 0.65 .2.83 mmol - kg™ T S4B AR
FE &b B, BD=Ti0, (N1F0.05) ¥ & % + 5 2% W Jff o
K, 35 43.73 mmol - kg™ 5 T A B 2% L] 2 15, 5 BD-
Ti0O, (N2) #£ &4 A Eb , BD=Ti0, (N2F0.01) 5 BD-TiO,
(N2F0.05) #: it Xof 75 2 W Bt e SE A TC W] @ A2 Ak, T

WL, BEF R AB 2% HOE T3 K, 9048 2 0 R - 3L
BRI L2 AR BT H 12 B
MEIUGSHATLIE I, ra B E A R
T R qu 3/ FRIB AR i (B-Ti0,) s RIBIR K
FRPRHE g, B BAB 2% LGB, SR B S R
W/ R - AR A . Z A 518 3b R
3 A% U ot o 5 2R R R 5 i 2 2 A B AR ] TIE
S5 A MR R B IR R /NI ) S A
IR Bf 588 38 A BE TR, B — RABAAE Al o 5 31
5 B2 (A1) 280K R AR 2% HE Bl s/
Vi 8 R RAB IR A PREZ ] 0% B T 0k
59, RS TE N T R-FIB RS LR 2
2R 0.05 1 JLB A S G HHRE AT BB R
UESEIRB A M T L5 AT

3 g
HE 3T, T EEER-FB R TiONZ =

3 BD-TiO.(NxFx) R Bt £ B ZE M Langmuir RIS S#
Table 3 Parameters of the Langmuir model for BD-TiO,(NxFx)

adsorption of terramycin

er

AL Treatment K G R
B-TiO, 9.96 66.01 0.958 3#*
BD-Ti0,(N0.5) 11.89 48.21 0.923 6%**
BD-Ti0,(N1) 10.43 56.56 0.960 9%*
BD-Ti0,(N2) 10.63 45.98 0.987 4%*
BD-Ti0.(N0.5F0.01) 7.31 58.95 0.960 5%
BD-Ti0.(N0.5F0.05) 24.23 49.14 0.992 5%*
BD-Ti0-(N1F0.01) 9.88 58.91 0.939 5%*
BD-Ti0-(N1F0.05) 16.65 55.76 0.978 7+
BD-Ti0,(N2F0.01) 9.14 49.05 0.988 3#*
BD-Ti0,(N2F0.05) 11.81 45.76 0.984 2%

T s # RN AH G VETE 0.05 7K Wik 25, ## 2 7 AH S PETE 0.01 K- it
E NG

Note: * means significant correlation at 0.05 level, ** means
significant correlation at 0.01 level. The same below.
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Figure 3 The results of adsorption kinetics and adsorption isotherm experiment

AR B A T 2 R AR AR K e o SR X
oy L FZDIBE R 58 25 A AL, Langmuir B8E T4 i8
AR SO0 R AR AL, UESE R AR A
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