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Abstract

The presence of fluorine in wet process phosphoric acid affects the quality of phosphoric acid and
needs to be removed. Phosphate silica residue can cause serious pollution if not treated. The
NaA-type molecular sieves were synthesized from phosphate silica dregs, and the effect of pH of
silica source solution on the synthesis of molecular sieves was investigated. The NaA-type mole-
cular sieves were characterized by X-ray powder diffraction (XRD) and scanning electron micro-
scopy (SEM), and the crystalline structure and surface morphology of the NaA-type molecular
sieves were discussed and analyzed; the molecular sieves were used as a defluorinating agent for
defluorination of wet process phosphoric acid, and the effects of the sieves’ particle size, time and
frequency on the effect of defluorination were examined. The effects of molecular sieve particle
size, time and number of times on the defluorination effect were investigated. The results showed
that after the silicon and aluminum source solutions were made from phosphate silica residue, so-
dium aluminate was added to make the gel mixture composed of Si:Na:ALl:F = 1:5.1~7.4:1~2.3:4.27
NaA-type molecular sieves were synthesized by hydrothermal crystallization, and cryolite (NazAlFe)
was obtained when the pH of the silicon source solution was lowered. The defluorination of wet
process phosphoric acid was carried out using NaA-type molecular sieves with the particle size of
1~1.6 mm, the column passing time was 30 min, and the highest defluorination rate of 47.21% was
achieved when the column was passed for three times.
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2. SLHERSy
2.1, RIS E

TR RV AR R B 3L T A, RSl . IR St &, 3. —KE
MR COKEFTIERR =8 SR RN, MR A, T B 255 B R A PR A F .

PFS-80 Fh& s E1t, HARES D-MAX2500/PCX S AT, HA JISM-5510LV A4 Hi ¥ i f e
- BEIE MY, ¥ —15 DHG-9070A Xl T 1544 «

2.2. NaA B9 FiEruEHl&

1 SR BN A A R v, RS B BEBUONEE VR IA W, SEVEF T S VA T A IRV UG 15 MR
PR BRIV IO = VR R NS S AR R BN, 8 #3515 SR8 In NSRRI, 1 st IR 2 5
TR — BT IE], Bl R &40 4H SN SicNa:AlLF = 1:5.1~7.4:1~2.3:4.27, 5% NaA &> 77

2.3. S FIRHRAE

SEM LI E2 5510 dm b RO RIS FIOR A5 20 18~300,000 5, JHEH & 0.5 kV~30 kV.
XRD FHF-5E 2310 i i 0 S 45 G B, AR WA A e R 20 591 9 40 mA A1 40 KV, Cu-Ko &5+ (k = 0.154
nm), VLA 5°~80°, FHHHHZE N 2°/min.

24, BEAHBRI MR

W0 7T B IR RS, B SRR VARERR (5 9 10.000 o/L)BIN EHTAE s EAT o, 2 71
MEBERAT HEAT 22 O Bt s B[R] — HE B IR 22 IR 225 JE AT AR A 7 It 3 o
SRS TR BE (1 2 2 I8 [E b7 GB/T 1872-1995 7144 A 982 Tk B iy, BRI 77 i
W1 mL iBvEE RS, 281K E 454 100 mL, HU 10 mL R T 50 mL &, 0 5 MATE R -
FrR IR AN G2 s O 2 TR Y e s, FH RN T RO 8 RISt R 0, TR ARV VR
B EEE, 020 mL AR - AFERRING AR, RKESR, BB R, BHE TisED
W5 H RS L AE AR, WS P 1) pFy A . B A E RN HE TAEMIZed, win] o
T R TR TP IR IR B, b b oA il 2 ) 2 1) 5 920
Table 1. Fluorine standard solutions and corresponding potentials
= 1. AARER RS R AL
pF 1.00 2.00 3.00 4.00 5.00
E/mv 315 90 148.6 202 255.9

i/ pF = 1 SALANbRvE A T BR EE R e, B 5 mL Bt € 5 & 50 mL 153 pF = 2 (K &bn I .
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Figure 1. Potential E versus pF standardized curve
E 1. B E 5 pF Rz E

3. R5118
3.1. NaA B9 Fli B RIELE R

3.1.1. NaA BU53FiHRY XRD R

X R AT XRD RAE, #iE H kg, Wik 2 fros, %855 XRD i B 5 NaA 77
PR B (PDF & F#39-0222) KEAIE I —5, 437120 20 = 10.158° 12.45°, 16.093°. 21.647°. 23.966° 27.089°
29.919° &, 34.155°, X} d {43 %N 8.701. 7.104. 5.503. 4.102. 3.710. 3.289. 2.984. 2.623 %, T
Fofth 0, SRWIZAE S NI BT NaA AL 531

L,
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Figure 2. XRD spectra of NaA type molecular sieves
B 2. NaA B 53 Fi#) XRD 1&[E
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3.1.2. NaA BU53 FIFEY SEM SR
sl 3 fras, X NaA B3 Tt AT SEM RAE, MW LUK NaA 847312 BAT SIS

J7 e REEH, AR BRI R T Oy 1.831 nm,  SRRIDIA SR E 0T T NaA RyF e, Nk
NaA B 7> 7G4 S U IR B T A ek e, TR AT e G W BRY PE RE A A 52 1 [8]
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Figure 3. SEM spectra of NaA-type molecular sieves
[ 3. NeA B 53 F i) SEM &[E
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Figure 4. XRD spectrum of NazAlFg synthesized by changing solution pH

4. AR pH & AAT NagAlFs B9 XRD iZ[E

N TR TRV pH X S5 R0, A SRRV TRCR R U VAV pH IR 2 12 A7, PR AR
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PRV B B K A RS BIRE S, XHRESEST XRD RAE, 448K NaAlFg ks & (PDF K A
#25-0772) (4R AEIE 23 79y 20 = 19.537°, 19.981°. 22.866°. 25.584°. 31.971°. 32.557°. 33.114° % 36.115°
s, W d 2N 4.540. 4.440. 3.886. 3.479. 2.797. 2.748. 2.703 J% 2.485 %5, Wi 4 N, i%kE
it XRD 1% &5 NagAlFe (R #ETS B RRHIEIE — 3, [FIH A A ER Sio, ARk, HIIEIEEHRN pH 5
NaA 3 FIRRET A ok RE K, EEJRET pH = 14 B AT LAS 1404 0 NaA B0y 70, 7502 S 8seis
R SUBRERIER T pH BRI A B NaA BLorF-0f, (HA2 B A5 5] NagAlFg dbids, & 7 B ik
HEINIVAZEE 5=

3.2. IREMBRI WA R

3.2.1. ST FIEBALK /MR

MRAE R 2 EURE SR, 20 FImmoh RN, BB EE . BARIT S, NaA B2 191 1 B
PR K /MK RN : 1~1.6 mm > 1.7~2 mm > 3~5 mm. AR HE, i 53R 43 514 36.00%- 34.79% 11 22.43%.
BAAHE R R, NaA B0 Fi i R IR TBROR 7070, FLBRAETE i, WP SE SR, B Sl i A
HH

Table 2. Defluorination results for different molecular sieve particle sizes

2. FRDFIHFFALANRIRELER

I3THRRAN (mm) i s IR (0/L) i 5 (%)
3~5 7.757 22.43
1.7~2 6.521 34.79
1~1.6 6.400 36.00

3.2.2. TR RYF N

MFE 3 HAT LA, iR AI A 5 min 390 E] 30 min i, SR 14.15%42 5 5 34.79%, LA
I IEDERAG, BBk, AR (R]AE 0 40 min B, iy 36.00%, X LG 30 min A WAL, X
PS5 TT e S TR 21 0 ()42 M sF 1) 189 K B T 22 bR B A B o R0 60T S8, T e i e A 0 S 1 i S
SATREE AR R, — R O IR B A B, — R RS TR R B 1 & B A R A B R S
VI AR BERR B9 25 A5 F8, 18 NaA 5370 it JC e 1A i 1] 30 miin B 25 S e

Table 3. Defluorination results with different column times

3. NEFEERRELER

AR Al (min) bt 585 SR BE (/L) Jii 5 (%)
5 8.585 14.15
10 7.370 26.30
20 7.021 29.79
30 6.521 34.79
40 6.400 36.00

3.2.3. TR BT
Wi 4 Fros, WO kR BT DUBR s B SRR, S R A 36.00%38 &= B 1 47.21%, kAl L, B
A VCE RGN, VSRR P B S IR AT DL — 2D B, (HR B RCR S MIR IR, 4k 3 WGl
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HEJ, SRIERERR A IR T IR B ORI ARE . A TN AT RIBEIR A £ 50% A I 1 TCVE R 0 1 IR
B, Ml BEAEAE PN A — N2 NaA B3I RO IR B s BT, 73 iR PR £ 2 4 A A2 A
B, WA ARG HAN B B T 5 R T S P S O A B A 53— R DR AT RE A A AR A SR T
HIAAAETE I T 58 (S IRE R IR T 1 B T s S D55 ) To i 7 1 IR R B FRUIR B« 2755 18, AT
NaA B 7379 L 9 3 VI R R it

Table 4. Defluorination results with different number of column passes
= 4. AEREERBHRALSESR

HAERE ) i 580 SRR (/L) Jii 5 (%)
1 6.400 36.00
2 5.704 42.96
3 5.359 46.41
4 5.279 4721
5 5.279 47.21

3.2.4. 5y FIHER MAH R

I B IR LB A NaA 24 731 MIEVEBE IR o 5 211 . Naskar 55 [LO]1ERH 7T 9 7E K B B 5 9
T pH I I, I GRAR B R AR AE 2 T I (AR /K B AR B ) O R T 235 B, 43 TR itk B A R 1
FRIE(-OH), &M f s il & 5 NaA B 7t BAE A, NaA B0 FIfiE i i pH AR T2 T 1)
2 LT S5 (P H ) IR FL R THT 23 25 R A JF T4k (PH < pHoo)» BB, BLAT R T AL & T 2 56 (-OH, ) Y NaA 7443
T S E e B R 515 A U U T s AR, 4TI pH (B T NaA B4 b R 10 2 e A7 5B (pH >
PHue)s VTR IR B T RIS U0 008 S R AE SRR IR, ARG NaA 1401t & U 8 1 1)
WL . 45 BT, R I B T IR PR ALER A o T IR AR DGR IR B R R R 1, SR 6 T el
YEF 5 NaA By Tt R IR IELE & KZHE BRI pH U RAOPAEE N AW AE /7, tBATLL
R B T PR (R ML

4, 4Eip

AR SC AR ik v D JEORHG B NaA BU4r 10, RN IR THRVEBE R 9, B 42 1 4 T IR UKL K/ |
T A BT )R HO IR AR T sE e, AR BIWF 4510 M8 A 0N SitNa:AlLF = 1:5.1~7.4:1~2.3:4.27 i}
IKIFT1F 3] NaA Lo 0, RERA VR pH PRI 2153 2] NagAlFg: 70 F i Biki K/ 1~1.6 mm. i+
I 1E] 4 30 min. A 3 YR B R A=A B 47.21%
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