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Abstract

Zirconia was immobilized on the inner surface of the foramen of the eggshell of Artemiasalina by
surface settling technology to prepare zirconia loaded biological composite (LC-Zr). The results of
scanning electron microscopy (SEM), energy dispersive spectroscopy (EDS), transmission electron
microscopy (TEM) and X-ray diffraction (XRD) show that the pore canal is only reduced on the ba-
sis of the original size, and there is no particle agglomeration and pore blockage phenomenon. The
particle size of zirconia is not more than 50 nm, and it is loaded onto the inner surface of the egg-
shell pore by coating. It is proved that the pore presents progressive ladder distribution of the
eggshell and conventional distribution of the eggshell compared with the traditional carrier ma-
terial; the carrier material has the double action mechanism of large pore enhanced mass transfer
effect, and has obvious advantages. Through the study of adsorption performance, it was found
that in the presence of conventional anions SO; ", CI- and NO; 100 mL of fluorine-containing se-
wage (F- = 10.00 mg/L) was only added with 0.8 g of LC-Zr for 30 min with a fluorine removal rate
0f 91.73%, and the adsorption of LC-Zr on fluorine ions was basically not affected by pH value. The
kinetic experiments also showed that LC-Zr had a large adsorption capacity and a good defluori-
nation effect. The research preliminarily proved that the eggshell of the foraminifera played a
unique role in the preparation of zirconium loaded composite adsorbent, which provided a theo-
retical basis for the purification of fluorine-containing wastewater and the development of envi-
ronment-friendly composite adsorbent.

Keywords

Zirconia, Eggshell of Artemiasalina, Bio-Composite Adsorbents, Fluorine

PREEEE ME SRS & X R

R, WEF, M, RER, Si4F, L2E, & A

(e
il R .

LN

XEFIH: RERIE, W T, IR, SRS, B, BEZE, BRI SRR AR S & LR D]t
TS HEIR, 2020, 10(4): 242-251. DOI: 10.12677/hjcet.2020.104031


http://www.hanspub.org/journal/hjcet
https://doi.org/10.12677/hjcet.2020.104031
https://doi.org/10.12677/hjcet.2020.104031
http://www.hanspub.org

HO
F
P4
48

WL N RS, AV SHE TR, WL Bl
Email: 1736798544@qgq.com, ‘luyin_zjsru@aliyun.com

Weks HiH: 202045 H25H; A HEM: 20200F6 H8H; KA H: 20204F615H

R

BRI AR S ERB A EE R PRIE AR, #&RENEEMEEME(LC-Zr). T
HE(SEM). BB 4T (EDS). ZEHT B 4% (TEM) X XATH (XRD) MR 45 R BnFLiE R 2R FA K/
g, BFNARKIEEENR, SAETARZREE50 nm, PR KFRERBNZALEA
R, MERAERERBIERXNEES A REERIPTNERBAAIORARL, BH RGBT BNESE
AP, BZARBEMRRIBARRS . BEREERMR, RAEFERFEFS0: . CI-AINO:
#£ T, 100 mLiJ& 357K (F- = 10.00 mg/L){¥ FH 0.8 gfILC-Zr N30 min, R A E 1] 7£591.73%; ELC-Zr
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1. #RE75%

BB TR T AR R SR—W I8, —HTHHRABLRRIME TR —, EERATH
RTRRTEEL[1]: A — 7, KHATEN &0 S 5 ) 2 R LA 85 . BB SL, e A= AR AR A B ) e
15, BEWERBES, EHIGERE ARG B2, HEamE2]. RERZ M EUOoKE 77 45+ 5
FERMEMEZRZ —, HEISREREN K. SRiEH IV EM LB, WE. i1, BBST
MR AK B A E BrbriE, AR RS &9 0.5~0.8 mg/L [3]. MiKE AT (A3ER K TAE
FRUE) (GB 5749-2006) 1 5E ALK FEFRAE 9 1.0 mg/L [4];  CARB SEi<A21E 0OH /K A A vy o
WHE, FEGZ T A EFE KRN, R K A 0 & SR s FRAEN 1.5 mg/L [5]. #5EE, HuraeEZ)
A 27T HIRIX, 7700 22 75 N K& S AR L HIE 500 73 AN FIROK & = E 2850 5.0 mg/L).

I 40 43k, E AN S ROK A BT T RBHIREE, R T 2 Ko 5% O ERE PR 16 A RIF 7t B AS
Tk . B UK IR A R B DU RO IE . Bk, B TRk, IR
L RN BB TR AR (6], XSk, TRETEIRIE & B mHE K, EARHAE P R m k&1
R = AR ARG BRG], FEEANIE L ARG AT N7 RIBIEL;
ZIEFEVE, HRA R IKIK TSR A% s HIBHTIERERERCR, FLs R I 5 w5 G s IS 43 v P S A AR 2 o
LEENR, SKFIBEEIERS]: TR Z RS Ca® 5 AU R, H R 2E 1 CaF, Ut
TELENS, KOERJS IS TIREEIIE 15~20 mg/L, ASREIA B E R R KHBRRIE9]. BT UAE TREHARZH,
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F AT A W R H T o MR BB SRR 1 v 1 3= 2 S2 MR BRI A 2 0 BT FROVB B 77 2 A TR T4
R B BRI BRI R . KLY IR AR A A AR TRk, HUiAeE
PEZE PR KRR FF SRR [ 10]0 Uk, JT AR PR AR a4 T2 M) 0 L85 S F OB S B A4
HAT R MIPA BRI 5 S o AL A4 RGN Fe i, 381 2 70 P B AR AU [ 8 24 e R e 5L
NI, T 5 BB A R S RFI(LC-Zr),  fEXT AR RERAL IR b, BEAT BRI BT 7 o

2. M55
2.1. LC-Zr Y%

2.1.1. FLEERREA R RS
Z FUIORE A B R — PR R R AR BRI [ 11], FITRRECR MR X [12], HA4E —ikis gy, Al
VENPRIKIFAC T = OB B A e LBy DUKE ZeO, NAH R, 5K RS 1A AN E T
IKHIEE 51 Hao[ ZeF] (I REE 1 AR 2),  ATTIE B BR H (131 (E AL DLICHUR A I % 2077
FE, B T AR B AR RS R R P AR AR B s B S B, A7 AR [V 2 B R AE L AL P 0 K A 182 H
A[14]. BL, ERSEEARmILLEH, JHREE SRR LR SEIlZA R RN ) <8 .
ZrOCl, + XH,0 = Zr0, - (X -1)H,0 + 2HCL (=3 1)

ZrO, + 6F +4H,0 = H, [ ZtF, ]+ 60H" (3K 2)

2.1.2. EPHFARIREE AR T

“EAF R (drtemiasalina) 7K 7= RGNV EALRIEW GRIR,  JLF-70 A5 T 1525 B A 1) £ R e 6 22 380
[15]o FAERE07e RA MR FLE5H, HAR T FLIE LI XA, AR R EAA R 52 A IR
B SR FAE IR LR TR bR, X B 5 AN BER BT IER [ 16], SRS RIE I e3[R

WEEQ5CL 27°CL 29°C. 31°C), JEHEHREE(500 lux. 1000 lux. 1500 lux. HAAIEHE).

2.1.3. HEEEHRFE

TERRRREL 15 g A FALHS(ZrOCL) B T 150 mL £ 51K, U2 e 20, A 20% 1) &AL
BRIV pH 2 7.0, HEIEE R M TS, BOETEEES 6 g, M 5 g CARBRLFIF 42 LN %,
T 150 mL Jo/K ZEEE W 40 KHz B4 4 h, BE04iHE Shs, #ETIRAITE RN, fEF4 dgp5efLiE N
A RREAAES, I S AR AR . IR PR S A, ABKE R, H43 LC-Zr WM
el BEEH . DA S EONERNR, B R OPSE . AL AR 5 =AM EHE Y] T EL
HET- 264 1 [ 2R L

2.14. EIHEERNSH
FREX 1.00 g [ LC-Zr BT etfrh, I 3.00 g BREZAT 7.00 mL IRERER, IN#HGARE, )G G Eh IR
ER. LL02% HmE AT R, A 0.02 M & 48 N (EDTA-2Na)brifEiE i &, 1H5H LC-Zr
Zr ME (AN ). I F, AR S ERR BRI AT B G S B R R A O
(ICAP6300, Radial, USA)& I P 72 1 A (LB 5 1.
Zré‘?%z%xm%xlo (~3 1)

A ¥y EDTA-2Na brvEVaTR B, C A4 EDTA-2Na R TiRE, G R EE.
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2.2. LC-Zr UM BERAE

2.2.1. LC-Zr AR E
A BT A L OP S A RS J5 1 LC-Zr FEA TR T RS E 44 FRLAR /R 2 BUH DG 5 (X (S-4800 11, Hitachi,
Japan/Horiba, Japan)JAE 6 b, Wi &80 5 R H I X LC-Zr T30 oot & L iadb A7 7047

2.2.2. LC-Zr RiESTRE ST
A BEFAWH AT BE ON 52 A1 LC-Ze UM AR, 3 ANTE/K ZlEH 40 kHz R 5 (JK-100DVB, 48 miil
WHE AR, AAE) 30 min, 1M/E R T L, 7635 S EHBS(JEM-2010FX, JEOL, USA) Rl %2,

2.2.3. LC-Zr B X {75574

Y AT 1 T4 ERLO S AN B I 1) LC-Zr FEASTEE MR ZE |, A X AT S (DX-6000, Shimadzu, Japan)
X XRD EIBEHEAT Ka2 ZBRAEE 0P A2, AR P 0 1 S 5t 100 1 B 0 4%, 306/ 159 HH DR PR A
R, W5E GRS R RERAS .

2.3. LC-Zr BB e

23 1. MEBFRMES
K& 7415 (1CS-5000, Dionex, USA), #E$% 4.5 mmol BREZENFI 1.4 mmol B RSN IR S IE BN TR
B, AEAREMLE, SHHETILIER RN p=0.0146x—0.0547(R* =0.9991) .

2.3.2. LC-Zr 1 ME X R B R AT M

FREL 0.10 g+ 0.20 g+ 0.40 g 0.60 g. 0.80 g+ 1.00 g ) LC-Zr A LS E EE, 3 7H1#% N 100 mL
H A& 575 /K(F~ = 10.00 mg/L, SO; = 100.00 mg/L, CI” = 100.00 mg/L, NO, =100.00 mg/L, pH = 6), 25C
TEIR R 30 min J5,3000 r 250> 5 min, B 1 (3R E & K o J5 22 9000 35 DU R SO B A B S 4.

2.3.3. LC-Zr K945 ImE 8] 3} B B R K%M

FREX LC-Zr 1 [R] J5i & A8, 20 BN 100 mL H BE & 75 7K H .25 CHEIRYR % 0 min. 10 min.30 min.
1hy 3hy 6h. 9hy 12h/J5[17], BEOE¥EE, HFEEENE SHIRE. 7612 h NS, DLIFEFERYE
TR AR 5 SRS A DR AN [a) A B e A ] 24

2.3.4. pH &%} LC-Zr BRI RAIEM

FREL LC-Zr, 3BT pH N 4. 5. 6+ 7+ 8. 9. 10 FIEE &85 %K 100 mL (H T Szhrifss
PSR TR R 1) PR KD, OB T IR 7K, 3 $E pH 7E 4~10 BIVEHD), 1HEEIRG G B0 5E, BT aikik
e B IR B
2.3.5. LC-Zr MR MAENE

FREL 6 1458 LC-Zr, 3 HIFEN 100 mL 53 T &80 5109 2. 5. 104 20, 30, 40 mg/L I E L & 9K
159%7K 100 mL, fERIRG G EOEE, B aiEkille FHERE, it ERRA RN mg/g).

2.3.6. LC-Zr BB B zh 75 3058

MREC LC-Zr, IIA 100 mL HE S IITH0K, BEHERIRG ST, £ 25 CT27#k% 0 min, 1 min,
2 min. 3 min. 5 min. 7 min. 10 min BPEURE, B85, HEFEERNE & HIKE . KA Lagergren
HE— R B W R BN B) R EE R AT WS R T8
1g(0.-Q,) =120, ~kt s WG II¥ITRR1914/Q, =1/k, 0] +1/0, -
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3. HR5ITR

3.1. LC-Zr BY#I%&
3.1.1. B HRENRESFYT
ZIEAZrHT(DPS 5.02 ki), pH 1H 8.5+ #:J¥ 2%, )% 27°C. JIEERSE 1000 lux. JCTHE, F4EHEp

SRS R . LA 24 0 5, FEERIFEER T KmEEFT/KF, PLEAZ 0.25~0.30 mm HI7 M
W, EMREHEAAH.

3.1.2. HEEEHRFIE

LS AL T B 25 B (45 0 28 I TCP YR N B 8RR, @I IERS AT 1), AT PAGE A SR E 5
RO ENLE S —, B RN T, HUORA BT )75, R4 dugp e kb3 75 U R
BeNo MIKTARIESE RE, AT SEALEBI T AR T, T34 SR BT

Table 1. Orthogonal design and results of zirconium loading conditions in LC-Zr preparation

= 1 LC-Zr R PHHEFMNERRITRER

i Bk R
HLp AL b AULH RS
S 1 I+ B+ B+ 32412
S 2 KA T BT 47.942
K 3 I+ B+ B+ 33.425
K 4 B+ Bt BT 38.151
I 5 BT T KA 28.698
S 6 e+ B+ i 42.203
S 7 BT BT ¥ 26.672
S 8 e+ B+ i+ 30.048
K, 37.983 37.308 30.302
ﬁlJC%g K, 31.905 32.412 39.586
(%)
R 6.078 6.584 9.284
3.2. LC-Zr B BERAE

3.2.1. LC-Zr F 83 R TT REBRR 57 4

SRR, [T AR R OP SR AR T R ALTE N R TN, IE/NZFLAE R, FLIEFF i IRZ AR,
LR, RP0IE B AR (B 1) AMERTH); B8 5 UN e AR TH A B R 5, I fLiE s/~
(F 1(b)), UEWIEAGES O [E 2R 2 0P 52 FLIE R TH . At FLIE RAE R I SEAE 46/, ok [ %
MALTEEFEIL A, Ul B S B DR AT i 7 U B, B R AL s A AR LRSI E AL, B2 AR G #iik it
BRI B B AL

RE B HUR RSO AT a R oR, A HUOF 5% [ 2 AT R A X R W, Ze Je 3R (] 2(a)), (HIEIZRS Zr
TCRAFAEBEAN AR = (B 2(b)), Ze TR E ALK T C R B A0(31.6%). it AEEHU b
TASC o AT 45 SR — DR S A B R h [ 3 B IR se i FLIE
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(b) HhEif

Figure 1. Scanning electron micrograph (SEM) of eggshell before (a) and after (b) zirconium loading
1. #5EHT(2)y Ja(b)IRFIIHE RIE (SEM)

15k c T
6k
Element Weight % Atom %

€ 52.79 60.76
° 306 371 5k o Element Weight % Atom %
Na 1.81 1.09 c 28.45 46.26

10k~ Al 027 0.14 4K o 37.48 4575
si 0.16 0.08 CSI g’;; g':;
r 027 012 ca 035 017
s 047 0.20 3k~ oy post 026
a 058 023 zr 3160 6.76
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o Ca 017 0.06 2k
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Figure 2. Energy dispersive spectroscopy (EDS) of eggshell before (a) and after (b) zirconium loading
2. BEEAT(a), [R(b)INFTREILEI(EDS)

3.2.2. LC-Zr EHMELETHNE

B R R R, AR 3(a), UI5ERA BAMBOIRER, E R FEREE R
(] 3(b)), BN5EPA A S 1 S TR AOORE, [ 3 O e FL I A 2R THT 1 A B K /N B K 298 10~50 nm
Z 0], A A SRR R T LA KA

(b)

Figure 3. Transmission electron microscopy (TEM) of eggshell before (a) and after (b) zirconium loading

3. BiEEAT(). [ (b)IFIBSTESE(TEM)
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3.2.3. LC-Zr 5 EY X £751 53 4R
ME 4 ATEH, FERGPFTREEHE, Brolxigie; BE)E, @UAKRRERIL, FRiERFR
VA7 55 300 B U (A U A7 e A DL TE , LU S AR IR, 0 mT DAAA 5 B DL — SR A s 0 e R o [ 4 3 = 4 e i

==
e,
1.rd 3.rd

5000[ r ] [ ] 74-1202>Baddekeyite, syn-2r02]

4500 2500 “JMM
@ 4000 =z b,
c =
3 3500%’”), 3 2000
O 3000 o
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2 2
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Figure 4. X-ray diffraction (XRD) of eggshell before (a) and after (b) zirconium loading
B 4. HERT(a), [E(b)IIFER X (T8 EI(XRD)

3.3. LC-Zr BB 4 fE

3.3.1. LC-Zr K932 i & K 4% hn At (] 3t R SR SR B9 21

X & E 10 mg/L KK, LC-Zr 1 ZrO, M & 5B 2 IEAHC(E 5); HAE 0.8 g B FR
FRCRIE B E R KPR UER R 0 3IE 91.73%F1 91.09%), FF#aTFaE: “imE LT 02 g, LC-Zr
BRSO B T 55 5 ZrO,, BLEA 3G Z ALY A R T T 20k WBnef [ o0, 245
HNFEA B IR R, M5 E LC-Zr M ZrO, ¥I7E 30 min J&ik B 5k 2 B BEF o, HLER SR A
My HAEERRF AT T, LR O SR R BRI P T ZrO, MR SRE, SRR BRI .

120 4 121
[0 L
100 ~ A ST AR R 104 T
B 80 - - g —o— REEEY H AR
) £
* 60 2 6
-3
20 - 5
0 >0 ¢ . 0
0.1 0.2 0.4 0.6 0.8 1 0+ T
0 2 4 6 8 10 12
WD (@) I (h)
(@ (b)

Figure 5. Effect of dosage (left) and dosing time (right) of LC-Zr on defluorination effect
[ 5. LC-Zr B9 N & (Z0) K $% B (8] ()3 B A S SR A0 520

3.3.2. pH {E*t LC-Zr BERIRAT MW

VR A WA R LC-Zr X355 TR B PERERE pH A2k ssan & 6 B, Bl L pH {H1E 4.0~10.00
JEHEIN, LC-Zr AU EA BEBEIN 90.3%~93.0%), il LC-Zr X4 T WA _EARZ
pH EIIFEM . HeAh, RBP4 5 3 pH B @ TIRIAa 1) pH (B, R RE W PR R T Y 72 S Rt
JENR SRR, X — AR AR LC-Zr X 9802 1 B AL 1T B B8 58 e
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Figure 6. The effect of pH value on the adsorption of fluoride by LC-Zr
6. pH fEX} LC-Zr IR B F RIS

3.33.LC-Zr HIBREBENE
JRK R R, LC-Zr MRS A R MR FE 3G (] 7), 5 W 28k s A= 4 52 4 W BFY 50 4 e
(IR B BE /7, 78 R K B 9807 T AT LAAT BR3P o
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8o

E" 2.50

o

@ 2.00
1.50 -

®

& 1.00
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0.00 . T T .
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BAKPERE (ng/L)

Figure 7. Defluorination capacity of different concentrations of fluoride wastewater by LC-Zr
7. LC-Zr MAREIRE 2 BEKHIRESE

3.3.4. LC-Zr M EKPREFHEN ¥ HMHER

) 715 S0 R SR (RN FRAE LC-Zr B MAT I sEma o el K] 8 mI A, FERUEIT ] N LC-Zr
AR BRRRCR, KRR T A TR, U LC-Zr AERINBRIRAE J1: #E 2Lz Sy A
HI20]145 RN E L, RN 0.9724, WK k ik 32.78 mg-gh™', F U RTS8, IA T4
s I TR A

— gD —gHE
0 . . , . 45
005 01 015 02 4 y=32.78
5 05T 335 Re=0.9724
> * >
E A LN £: $
§1s * o i1 g2 o o FFI
z 2 ZHE(RFI) c 15 LHE(RFI1)
3 25 & T3 »
g~ y=-17.24% 05
E -3 R=U32709 ‘ 0 T T 1
a5 0 0.05 0.1 0.15
' B 78] (h) 5 18] (h)
(@ (b)

Figure 8. Kinetic curve of adsorption of fluoride by LC-Zr (first and second order fitting)
E 8. LC-Zr MBmB TIRME HZE L& (—R. ZHHE)
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4. g

ARG RRIIR AR, FIEH R (2R E M R AP35 ERE, B 2 M
FHAEFR S AU B TE [ 14] 0 ASBI FUIE T MR Btk L= 4R B B 7 30k, dl i 2 T PR AR mT DUORE A B A
Ty [ 28 1) 347 UGN e ALIE N R, & — PPk B AE R AW LC-Zr, A MRHEARGRRE T 84 or5T
IANTESR, AT LA RO R A S8 Ak s T J0RE AT /)N SR AT e P AN W R /KOS S5 2 () s st . o
SEM. EDS. TEM } XRD W% LC-Zr JESUAFAEM T ER AR, FH0IF 70 0T 7K h 3 B8 -1 1R W B2 g S LB
a7 1 T30 dUGN 7 B A GO PR 7R FLAR 5 Ak 73 BOSUN: B R FL A A R PR DB AR AL, B2 AR 418K
WM BRI B AL, RIS SO 2 fema A B BRI M A B R, AT R STS AK BT R Bk
PRI 0 TAERCR AR 23 0], 3k B SR FA R B H 1. J5 BAFURT LC-Zr BISRAK L . FLAR A0
MAEGEHATH DI FEMAER IR B) 125200 . FAR S0 56 5 B8 X0 R B i 90 14D 2 il S5 FF 9 £ 55 3
— VP LC-Zr BRI RE 2 TV N F I mTRE, AP 20 A 4 B 5 = A7 B O 5245 21 78 0 R T

=
WA B AR 5400 H (LY 18C030003).
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