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Table 2 Main experimental chemical reagent
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1.1 SEISAPR R AR &

SEIG FURHS AR bRk 2N, R LA R
R 1 proRta,
T/ FREERI RS

Table 1

fraction, %)

Chemical composition of Ti-slag (mass

TiO, CaO SiO, ALO; MgO Fe,O; Other

1948 26.65 2429 1386 6.65 539 398

S R i A A B R 2.
S IR T ) 2 A AR e IR 3
SR RE P A 2 B RER LA S 4 R 4.

Chemical reagent Chemical formula Purity Source
Ferric oxide Fe,0, AR Sinopharm Chemical Reagent Co. Ltd.
Potassium hydroxide KOH AR Sinopharm Chemical Reagent Co. Ltd.
Tetracycline hydrochloride C,,H,,N,Oq AR Tianjin Institute of Chemical Reagents
Methylene blue C,¢HCIN;S-3H,0 AR Tianjin Institute of Chemical Reagents
Hydrochloric acid HCl1 AR Nanjing Chemical Reagent Co. Ltd.
Absolute ethanol C,H,0, AR Sinopharm Chemical Reagent Co. Ltd.
R3O E
Table 3 Experimental instruments and equipment
Instrument and equipment Type and model Manufacturer

High temperature box furnace JXL1800 Shanghai Jiugong Electric Appliance Co. Ltd.
Planetary ball mill QM-3SP2 Nanjing University Instrument Plant
Pulverizer JS11s Huanyu Group Co. Ltd.
Analytical balance FA2004 Shanghai Liangping Instrument Co. Ltd.
Digital display constant temperature water bath HH-2 Changzhou Guohua Electric Appliance Co. Ltd.
Deionized water preparation MUL-9000 Shanghai Precision Co. Ltd.
Electric blast drying oven DHG-9030A Shanghai Yiheng Scientific Instrument Co. Ltd.
Lo L . Laizhou Weiyi Experimental Machine Manufacturing
Grinding and polishing machine MoPao260E
Co. Ltd.
Ultrasonic cleaning apparatus KQ-100KDE Kunshan Ultrasonic Instrument Co. Ltd.
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Table 4 Test characterization equipment

Sample characterization conditions or principles

Cu target; Working tube voltage: 40 kV; Tube current: 40 mA; Step speed:

20 (°)/min; Scanning range: 10°-80°

It is mainly based on excited region will produce secondary electron sample

surface magnified topography image

By measuring energy and intensity of characteristic X-rays emitted during

transition of excited elements, corresponding elements and content were

determined

X ray source excitation source: Al K ray (hv=1486.6 eV) Beam spot: 400 um

Equipment Type
X-ray diffractometer .
Ultima-1V
(XRD)
Scanning electron
microscopy-ener
Py 8y JSM-6490LV
spectrum analyzer(SEM-
EDS)
ARL Advent’ X
X-ray fluorescence .
Intellipower
analyzer(XRF)
3600
X-ray photoelectron
Thermo

spectroscopy

scientific K,
(XPS)

Uv-visible .
Shimazu UV-

spectrophotometer
3600, Japan

(UV-Vis DRS)

Inductively coupled

Vacuum of analysis room is better than 5.0x107> Pa

Operating voltage: 12 kV

Filament current: 6 mA

The UV-vis diffuse reflectance spectrum of sample was measured by

integrating sphere attachment with standard BaSO, powder as reference, and

scanning range was 200 nm-800 nm

With high sensitivity, low detection limit, wide linear range, fast testing speed,

plasma emission .
Agilent 720ES
spectrometer

wide application range and many other characteristics, can quickly and

accurately determine more than 70 kinds of elements in the sample

(ICP)

1.2 XWHE
1.2.1  ZZREARR & 71k

WO R m R, T, BT R Bk
60 s, PRHL 100 g & 5K f by K 5 10 g 43 #r 28
Fe,0, A} 33 ¢ KOH #ifhk, RGBS S f5 E T3
Wy, 7EFS U BLS C/min TR E o0 A =
1500 C, iR 1 hjGhEr A E =g, Hilrah
e, BHEE, 1938 RYIT RN EL SRS,
B HRA LIREE DR 2R AR, 12 98k -Fe
(KOH); % HAh se i FRAH A, 4 HEAT 30%(Jii
7 HOKOH i 24 14 1 Bk 1 4 2K -KOH(30%) ,
W4T 10%(R & 7> BO)Fe,0, 5 2% 1Bk 10 4k
#-Fe(10%). K il & 1 22BN BHER A -Fe(KOH) 12k 47
BREE, WHAMBREY, #— 0 RKBReEEER
the BHKMWTN: HRERIKRIE 8% &5 %),
WL 1215 (g/mL), #RJF30 °C, FHEFE 1 h. 7EH
P2 i [ 8 i AK B h SE IR AR JE AT
I, BT, 1S BIRIRE SR -Feo
122 HEREHRARE

A b A AT M AR HE CREARY (NY/T 797—

2004) FITid 75 ¥ I 58 £K ¥ -Fe(KOH) 55 8k i I 7 LA
SR -Fe(10%) I E FRTTR S 8. 77nli2 g4k
& -Fe(KOH). & 8K my b il #F il DL AL BRI -Fe(10%) ,
W% 25 0.25 mm LR B T 500 mL T8 (1 B f o,
BN 300 mL (i & 73 H0h 2%) EhER AW, T30 ‘CTE
IR G A TR, IR M 180 r/min, R
80 min. PRV 45 A S5, SLRIHEATHIIE, HL200 mL
B, BT HUERE G SR T R ADOIEACP) I,
PAFE. H5. B SRS EIFOREIE.
123 KRR AL

WA ARAE CERBENERL) (GB/T 23348—2009),
MRV -Fe(KOH) BTV 28 . B #R
HURE § 10 g JON 250 mL 3B ', i 200 mL
K, InEeEE, FIRBCE 24 hy BURERNE B F N L
N =, FEEAT B OB B TS S0 mL, #EAT
ICP PRI -
124 SZRENEE) A KB

TERFIRER YN 2, BRI DY 2Ry
BN RABEA—SEEEEE, 5=
2, 43 At i) 6 PR R TS -Fe(KOH) BERH AR i AR



2790 T A e E SR

2022 £ 9 H

il £ AE) e ST RSB PR B E S (9 52 PR e 2
A AERHCLR fETFR R i ) S AS Bt AEARHCBA T R AR
KA. FPAEYIHA, /U9 S A ARk 10 g,
BRI ERGE2 g, JEfEkE—EWHIE2 g,
e MBS . RARHEREAZ G, STtk
MR KRB CATpR B BRI R 2R 8RS DL R
ZJE AT E IR MR TR SRR CL IR
R EEI . b, AR KRB bR I
TR 1) Mk, B AR T A
(BrEZERBORA, HRHEKRFHE): 2) &,
TR 2 )5 B =& 3) B AR EUR F4 32
B, B MERE IR PR AR I AR
1) 4842 R C & 5K 2,6- — &UHE I i VL 5E
2) ATV PERE 0 R RV e s 3) Wi A
T P 5 SR FH oo R T VR I
1.2.5  JufEf M RRINER

PL 300 W R kT 1 Rt (4 i), FIEH KR
FRfE R . B 0.05 g ki -Fe 73 B i\ 100 mL(3# &
10 mg/L) . H 25 5 (MB) ¥ 1 A 100 mL(¥K & 10 mg/
L)#R R U R (TC-HCY) W, TEY6HE 2 AT dEAT
JRBE30 min, AEVRA RS B PP eI AR
o, BEBE 30min B 3 mL R, 7E¥ 3% 10000 r/min
T 1 min, B EERBAAELELY, &ET
AN WA EEEETE R, 7E 664 nm Ab il & . F 2
WA PA K 350 nm Ab Wl & TC-HCI WG 1155
Befiae . MRISCER AT, &K 1 0.05 g &k
PPV AA 100 mL(AJE 10 mg/L) Y TC-HC1, LK%
XS JECZE AN I R o B % 100 mL(¥ £ 10 mg/L) (1)
TC-HCl.
1.2.6 A HLERN

LR HY A 5 (MB) A1 25 1% DU 31 2= (TC-HC) 4 B
B 5 G ) 75 R T -Fe M & A il 8 A WLk & =
(TOC). LL300 W ilkT 7E A eli (4ot i), HAEH
IKORFFER . B 0.1 g Bk -Fe 43 7 i\ 200 mL( &
F£ 10 mg/L) E. F 3% 3 7 W A1 200 mL (K B 10
mg/L) 2R IR VU SR 2 iAW, 7R 6 IR 22 BT 3E AT s =
B30 min, VR A S B R M. a3 h
Ji B B fif 2 I (I AR e 38 5000 r/min R HEAT S
O B 5 mino KBS0 VR AR TE KR 3% B O
FEIW RN, AR . s K H HI 501—2009
BEAT BN S R E . eAh, KRR 2
58 77 15 DL H L W (MB) A £ % DU 34 25 (TC-HC) N

H AR 75 B 1 & Bk e b A 4 op 0 B A HLBR

5B,
2 ZR51HS

2.1 RS

K X 2647 5 (XRD) 73 M 1 4k R o i J 1)
YA, B PR A ERE S XRD 5. & 1
ATLLE S, EERmEb i i ZEA A AR A A
MM SRS 10%Fe,0, k5B 5, BEkn
S BEMEAAKIRAEAE, RIS B A Bk B 4
W &k 5 30%KOH KB Jm, 455k A
(e 5 FEE B 0, SR AR R D H AR R R R R
FHe 1100 g ER = #5510 g Fe,0, #1133 ¢ KOH
HLFREREIG, PR E RS AR RERR L LK
DEBERAR. FIRG R, miRT YA
R R M AR AT R A R R A
Wz,

* — Potassium aluminosilicate
¥ (PDF#32-0731)
© — Iron magnesium oxide
(PDF#71-1255)
v — Perovskite (PDF#82-0228)
+ — Diopside (PDF#75-1577)

o o 3
Ti-slag-Fe(KOH)
1 el 2
v o8 7 )

Y Ti-slag-Fe(10%)

v el T e * X » Y v

Ti-slag
10 20 30 40 50 60 70 80

260/(°)

El1 &k b BR T -KOH(30%) 4K ¥ -Fe(10%) « £k
& -Fe(KOH) A XRD i

Fig. 1 XRD patterns of Ti-slag, Ti-slag-KOH(30%), Ti-
slag-Fe(10%) and Ti-slag-Fe(KOH)

2.2 FHEEBIR(SEM)SEEE(EDS)MX 4547

K R S Re il 45 & 1T VE R RS )
FAL A — 20 b, S5 R WE 2 B, B 2(a)
ALAE AR -KOH(30%) A VY AN AS 7] 4t 1 [X
f, X RIPUANAS R PIAE, 53 BIFR e 8 ALK A
). A2k ). A3GRKE). A4(RE). 4GRS
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El2 HEMERER SEM AR
Fig. 2 SEM images of reconstructing titanium slag: (a) Ti-slag-KOH(30%); (b) Ti-slag-Fe(10%); (c) Ti-slag-Fe(KOH)
5 KE-KOH(30%) EkiHi-Fe(10%) UL K AR -Fe(KOH) 1 EDS fg i 4 Hr 45
Table 5 EDS analysis results of Ti-slag-KOH(30%), Ti-slag-Fe(10%) and Ti-slag-Fe(KOH)
. Mass fraction/%
Reconstructing titanium slag - -
(0] Mg Al Si Ca Ti Fe K
Al 47.22 1.64 1.62 2.66 25.46 20.14 0.96 -
. A2 43.23 7.82 17.64 28.40 - 1.12 1.55 -
Ti-slag-KOH(30%)
A3 51.43 7.77 0.79 16.10 22.80 0.38 0.03 -
A4 46.76 9.95 8.16 19.99 1.10 0.63 1.41 -
Al 57.34 - - - 20.76 18.27 1.67 -
A2 50.41 17.92 9.76 13.22 14.90 - 0.56 -
Ti-slag-Fe(10%) A3 55.43 6.29 - 16.31 11.18 1.68 3.56 -
A4 50.75 29.88 - 16.63 1.67 - 0.57 -
AS 53.75 0.83 1.95 7.57 25.71 9.36 2.12 -
. Al 57.53 1.22 1.13 2.16 20.03 14.23 3.16 0.55
Ti-slag-Fe(KOH)
A2 50.61 4.55 9.76 13.22 - - 2.25 18.41

HR R -KOH(30%) ) EDS fE it 2 T 45 ol A1, Al
KA A, A2 NRERRERAH, A3NEMAAH, A4
NERRMAME. WE20) LA H, 4K -Fe
(10%)H AR L XA, 400l hsid o ALK
). A2(K ). AR K (). A4(E ). AS(H
). 4EA3 5 PR -Fe(10%) 11 EDS REIE 7 Hr 4k 5
AL, ALNEER M, A2 MBS AR, A3 N

AN, A4 RTERIAH, ASHRES A, Hrh
ASHPIAR 5 beAs b o il 2(c) T BAWESR E, 4K
5 -Fe(KOH) 7= 247 PR N AN [F) 4of B2 1) X 3k, AR
ANAFEIF, 3R ALK E ) A2(K ).
4E 45 3% 5 PR -Fe(KOH) ) EDS BE 1% 43 A1 45 3 ]
B, AVNESERT A, A2 NEERRZRAH, HAE5eknT
AN Fe J 0 30N 3.16% . X 15 BB e 1 — 5 T
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REAEAG BT AH = 1Y, 59— 5 SE Bl T Fe f£ 458k
B R ]

23 EWKERY S

K ER RV H I8 W 2 T K -Fe(KOH) £ i
MEF LR TE, SRmE6fin. HE6AA,
BRI -Fe(KOH)FE fh i ik, 45, 5. 8. BFR0iE
W 4y )35 3 116518, 461.47. 382.40. 378.58.
642.00 mg/L, T HIKE N0, H, S &E
Eb [ 5% 6k B A o o AR R S (622,22 mg/L) A HY
542.96 mg/L. A KOH [FEK T -Fe(10%)FF: il HHRE |
L8R B IV HIRE e 427.20 4317,
409.5. 47.50. 32.57 mg/L. # Lk T4k -Fe(KOH)
Ffih s BRI -Fe(10%)FF i AL HI IR B 982> 737.98
mg/L, HAKE-Fe(10%) Mk ik A 1A 2 [EH
FAENEARTE(622.22 mg/L), VLW HEMJERERERE A
Gy s BKVE -Fe(10%) 1 dn (1) 45 1 H 3 B2 9 2D
29.77 mg/L, ¥ HIRENR/>331.08 mg/L, i H
WE /D 609.43 mg/L. K -Fe(10%) 1854 H ik
Eb 4k ¥ -Fe(KOH) 7 H1 27.1 mg/L, 3 % J5 [A] 2 %k
& -Fe(KOH)FF: it 28 1 Bl 4 5 1tk 2 Jim 8 43 i B S5 ik
TE R EZS o i AR R Eh . SR s s IR . A
B A, Mon R IR E 8 559.44. 367.10,
60.03. 147.63 f129.18 mg/L. EL#AT &0, 4Ekik-
Fe(KOH)I45. . 5. M uRin Ik EL S T8
BRI o 31X U0 ARV -Fe(KOH) & H! I B 9% T0 &
&%, AATHEENEK. CHEHREY, ZRIE
BITHASE F2 0 30 RN BeE I 40%, 502 L
Be H SU AR AR SE T IR, 9 T I 5E Bk -Fe
(KOH)FE W IAFR BTl SHEAT 1 7KV s
kLS, giRwEe . mE. . B BT
W HARE BCR 43 9 N 18,11, 5264 0.065. 41.32 Fll

T IR KB IR R S E R TUR S B

1537.75 mg/L. HMLn[ 51, TR ALE &8 E P
B RIS ARRE,  H IR0 R aT DA 2 A ik A=
KE 7T R

2.4 INEEFIESLI

T AR B T -Fe(KOH) ) 4% I f 52 B A 2%,
PADY Z= /N BN AR AT T ARG e, AR
KA WME 3 fin. HE3LLE H, it kA -
Fe(KOH) il % AE B IR K &R N 2 et 7, KHAR
UF, REMRF=EK. e FH S R R AR AR T e 5%
m, AERK 2 IRAEK . R AEARE AR KR
RAF, AEAKN TR, HEEREKEE, Il
wk, sert, EEEIN LS.

R T AR AEKRAERKE RS . R T AT
& H it 0 o 5 AR B 2B Kot i, MR 19 em,
R BN 145 A5, w2 AN, 774231 g
W, IR R 100%, A 3TAE, W= A
fE. BRI, MEARPERKBT LS N ilinEk
5 -Fe(KOH) il % A A AE PR 2E K Fe s v o S
MR RRRTEASE T B s, R AR S A Rt
R AR AR KBRS

RS FT NAEMRINE IR R TR bR . FHER 8 T AT,
Jiti FH RS - Fe(KOH) il £ AR 1) /N 0 4 2B 2 C R
HEER S ERE, PAEEFRITORSEN0.22%
H10.65%, HILATVEVEREIRAC,

2.5 LR
73 3 LA 10 mg/L 25 82 VU ¥R 25 (TC-HC) ¥ ¥ i
10 mg/L . F 3 85 (MB) VA A B AUTS Ge 8, AEABEH
X BASE R BT it A WL B A e T EAT VR
K4 From e . BRiE-Fe. 45 44 HIXT TC-
HCL % S MB ¥ W01 5 A 26 o HH BT 4(a) 7T 4,

Table 6 Element content after hydrochloric acid leaching and aqueous solution leaching

Content/(mg-L™")

Reconstructing titanium slag

Si Mg Al K Cr
) 1165.18 461.47 382.40 378.58 642.00 0
Ti-salg-Fe(KOH) . ) . ) .
18.11 5.26" 0.065" 41.32Y 1537.75Y
Ti-salg-Fe(10%) 427.20 431.70 409.50 47.50 32.57 0
Ti-salg 559.44 367.10 60.03 147.63 29.18
National standard silicon fertilizer 622.22

1) Aqueous solution leaching result
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Fig. 3 Plant planting diagram

=7 HEERPERERST
Table 7 Statistics of plant growth

2021/4/ 7 .

2021/4/15

= dx=n

jm <tth i/
No-treatment M&w > |

2021/4/22 2021/4/28

N

A

ke

Plant height/ Green leaves Yellow leaves . Survival rate Branching
Treatment Yield/g
cm number number pot/% number
Ti-slag-Fe(KOH) 19 145 2 4231 100 37
Commercial fertilizer 3 8 10 - 22.22 -
No-treatment 13 87 13 22.35 100 21

R8 EMRII AR AR C MR E R S &
Table 8 Soluble sugar, vitamin C and free amino acid

contents of plants

Mass fraction/%

. . Free
Treatment Soluble  Vitamin .
amino
sugar C .
acid
Ti-slag-Fe(KOH) 9.07 0.22 0.65
Commercial fertilizer - - -
No-treatment 12.69 0.10 0.62

SAREYE . A AR AT -Fe Xt TC-HCI [ %

SRR Ay R 45.33% 14.13% F139.36%; &4k
SRS B A AR TR e, BRIV -Fe ISR, 25 FANHHE

M RAK. 456 TOC MR BUE AT 71, & Bk P i

TOC %R F 2 AC T BRI -Fe ¥,  HOGMEAL B R

F R AHEN Y SRR A T I 2, AE
JCHEAL I PR AT RE B v, (EIF R SE A H AL

HE4b) AT A, SRR 2 X IR R -Fe
T MB B #2503 5 ) A 51.97%. 33.86% Al
49.84%; X MB G HEAL R AR AR AR 2 BBk
W, RE-Fekz, wAXMRARMK. HEMSE
EK B B AR ROR = R R 5 TC-HCL—#%, 13T
TR R E AR HAERERAE, TERAARE
1A 2 MB PR RCR #REE TC-HCL A AT, FRIK
YL TC-HC S5/ Eb MB I Ra5E . 5 s N
BRI -Fe [ fif TC-HCL I3 S MB ¥ 8 W 6 B it
2. I 5@) A&, LE 350 nm AR EE 6 2 ) A] )
ARG, RUDGIREZMT, HAEA AT
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B2 VUIR 36 7> TR R B i, B o — AL
KU, B S(b)RT %, 664 nm AbRY G BE I [a) HE RS
AN AR, RO HR R W SR 1S B T R BE
fifte FIREERFW, BRIE-Fe b A L R HOGMH
WA BT RE .

2.6 TC-HCL.MB/Kia&F2ENEEENE

X 22 A 5 R TC-HCl. MBYEWGIEAT 7 BB ML
e EE , TRIE IR TR R AR A B
VI e A e RE . AR 9 AT AN, AR -Fe & R 1)
TC-HCL. MB & A AL oK & & 75 71 b B i R AR
157 mg/L 106 mg/L. i BH45 4% B0 BRI 778 77
TOERIE G PR RRTS Qe M R S AR T o[RBT
PR B Bk v 5 ARV -Fe BIAMA R, MBI

(@)

1001

601 = — No-treatment
* — Ti-slag
50r 4 — Ti-salg-Fe

40

80 100 120 140 160
T/min

0 20 40 60

W) A WL A B AR L TC-HCLR AR, £ 8
MB )58 4 LB KT TC-HCIH, XA LAUH AT
T EERIATE . i 6(a)iiax, TC-HCIA Y4
RN, 1 B 6(b)H MB H R A AN R 5 AR G
FAIE, FMTC-HCIA M E 4R HiaE, TfEMffRT
PR P AR A 2 (R AL =) o L B At v D)= A 30 B
AT BE A PR AR B LR W B 7 B . BRI 7 T4, TC-
HCI P& fift It 2 w1 o 72 22 AN [R) 465 460 1 v ) 44k (p=2,
3,4,5,6), FREEBK. BHE, BB
T Jiiz A I R 2 J5 AN R ) AR 45 44 B - OHL T 3448
1, TR BB P29 (p=T7, 8, 9, 10, 11, 12, 13, 14,
15,16, 17); scJar= R /N1 7= (p=18, 19),
WA R AR AN K . BRI 8 AT, MB P fif i
P —J7 AR a0 (p=3, 4), T E P (p=

1004 )

60 = — No-treatment
* — Ti-slag

S0F 4 — Ti-salg-Fe

40

80 100 120 140 160
T/min

0 20 40 60

El4 K. BKE-Fe. & EHA 5 AN TC-HCHIE R S MB I 5 R B2 fife 24 %
Fig. 4 Degradation efficiencies of TC-HCI solution(a) and MB solution(b) by Ti-slag, Ti-slag-Fe and black group,

respectively
(a) 1— 0 min (b) 1 .
2——30min 2:gén1n 1
3—— 60 min 3_60m¥n
4——90min 44901“?"
o 1200 5 120min
! 6==120mih 6 150 min (| 6
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Fig. 5 Absorbance curves of degradation of TC-HCI solution(a) and MB solution(b) by Ti-slag-Fe
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Slow-release fertilizer with soil remediation function
constructed from titanium-bearing blast furnace slag

YE Rui-xue', JI Yi-long', LIU Bing-lin, DAI Bing', LU Hui-hong" %, HE Xiao-jun®, RAN Song-lin!, LEI Zhao>

(1. Key Laboratory of Metallurgical Emission Reduction and Comprehensive Utilization of Resources,
Ministry of Education, Anhui University of Technology, Ma’anshan 243000, China;
2. College of Chemistry and Chemical Engineering, Anhui University of Technology, Ma’anshan 243002, China)

Abstract: Using titania-containing blast furnace slag (Ti-slag) as raw material and using KOH and Fe,O, as
modifier, a kind of slow-release fertilizer with soil remediation function was obtained by high temperature roasting
method via mineral phase reconstruction(refactoring Ti-slag). The results show that during the degradation
experiment of organic pollutants after simulated sunlight irradiation for 150 min, the degradation rate of
tetracycline hydrochloride solution (10 mg/L) by reconstruction of Ti-slag after leaching nutrient elements is
39.36%, the degradation rate of methylene blue solution (10 mg/L) is 49.84%. During the fertilizer efficiency test,
the dissolved amount of potassium, calcium, magnesium, aluminum and silicon in the reconstructed Ti-slag are
642, 461.47, 382.40, 378.58 and 1165.18 mg/L, respectively, and the dissolved amount of silicon exceeds the
national standard of silicon fertilizer by 542.96 mg/L. The content of free amino acids in chives increases from
0.62% without fertilization to 0.65% and the vitamin content increases from 0.10% without fertilization to 0.22%.

Key words: slow-release fertilizer; Ti-bearing blast-furnace slag; in situ doping; mineral phase reconstruction;

organic pollutant
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