BT R E AURF R R B b 3 R R T
SRR A
(ZRFHERZRMFTLIR, TR 401123)
WE: AARIIFR T — e Eihk, H TR R s 1. &E A
TR ES o BT FE S SR B BRI B -2 e R 45 S 7= 4R T4, FRAT1R A SPEIC-Ba
B NEERTRE AT T AifbAbFE . BESE, A SH-AP-1 (5.5 um, 4.0X250mm) il E R4
S, IR B AN AR AT R, SRAAMRE BT E R T TR R R, kAN
H AR T Ba fEMIESE . A BB DLRRE I AT AL, @ 0 A R L R
PR ERPR . HERBERORE % S R BB R AT RGVRAG, T A fabn S8 B FUIbRE . AT
FOPTE LI T R B R e A B . SR AR U B 0 B R T T S R
SCRE, AT ORUEAEARL ™ ot & A2 4 A B2 .
R ERgRE: ET BT 0ihs
FRESKE: 06577  CERARIRAED: B

Ion chromatography method for the determination of three anions in

fertilizer-grade ammonium sulfate
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Abstract: This study successfully developed an ion chromatography method for the detection of
fluoride ions, chloride ions, and thiocyanate ions in fertilizer-grade ammonium sulfate. Due to the
interference caused by the high concentration of sulfate ions in the sample on the detection results,
we used SPEIC-Ba ion columns to purify the sample. Subsequently, the SH-AP-1 (5.5 pum,
4.0x250mm) chromatographic column was used for separation, and the conductivity detector was
used for detection, with external standard method for quantitative analysis. During the method
development process, we focused on optimizing the selection of Ba columns, the selection of
chromatographic columns, and sample pretreatment. By systematically evaluating key indicators
such as the linear range, detection limit, quantitation limit, accuracy, and precision of the method,
all indicators met the expected standards. The method established in this study provides reliable
technical support for the monitoring of fluoride ions, chloride ions, and thiocyanate ions in fertilizer-
grade ammonium sulfate, which is of great significance for ensuring the quality and safety of
fertilizer products.
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Fig.1 Diagram of the device.

F- ({it5: B24100267; 1000 ug/mL) Al Cl- ({t'5: B24110160; 1000 pg/ mL) W4T [
IR B R R AR AT ;. SCN- (k5. 2024091294; 1000 pg/ mL) WFAb 7 it &
HLHERAF, 1C-Guard Ba & T7/ME (Zif%: SBEQ-IC0810-Ba-50; #it5: D527386; A)
W b4 R AW SPEIC- Ba (B) M J75 B a ik e RAIR AW BT 25 mm
BT IEAR AN 0.22 pm FLK RIEBIE T A AR RBEA R AR SEIHACHBAIK.

B IERHEBRRREE T LI R B THRA A .

1.2 BRAEVE VR T )

FEEL 10.0 mL 1.1 5 BT BN 1000 mg/L [ F-. CIFI SCNAREA R A 100 mL &
W, FHAKFREZIE, #21, BEKEN 100 mg/L (B AIRMERR. ARG HIEE 1 BH %
BT R FUbRUE LA

# 1F-, CI-0 SCN-1RHRHEEIRE

Tab.1 The standard curve concentrations of F-, Cl-, and SCN-.

1 2 3 4 5
No Compound
mg/L
1 F- 0 0.1 1.0 5.0 20
2 Cr 0 0.1 1.0 10 50
3 SCN- 0 0.5 1.0 5.0 20
1.3 R ETAL 2L
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FREUR &N 0.1 g (AR S OR5#AE) 0.0002g) BT 50mL ZF&EH, M/KE &S S0mL,
WA, B A BUEWEW 12 mL, iF0.22 pm AKAHJERE, 1ENRRSLIERG B 1 mLAEA
RrAAFEA R 1. A 40 mL 4K AR R IE AT 3 mL/min MEAOTE ik JEFE, & 10min
AP FRL AR 28 0P, BRI, AEVRUE A 0.9 mL/min @ RS 1ol vEAE,
FE5A0 8mL, FA 2mL AN RRRFE AL 2.

1.4 {8 %A

BiEFE: SH-AP-1 (5.5 pum, 4.0 x 250mm) ; WPk SEAH (KOH) Wl Wik
WK : 0.7 mL/min; OFEFEIRAEE: 35 °C: HIHIHIR: 90 mA; HEFEAFR: 25 pL; BEMTT
X BEEEPEMG; BAEEVEMLAZRE: 0~8 min, 15 mmol/L KOH; 8~8.1 min, 15 mmol/L ~ 35
mmol/L KOH; 8.1~30 min, 35 mmol/L KOH; 30~30.1 min, 35 mmol/L ~15 mmol/L KOH;
30.1~35 min, 15 mmol/L KOH.

FIRE R AR 44, 7E 7.5 min JE VI E R, A& M.

1.5 HEAR
CIE&Ew), BELY%ER, AR5
C;—C 50
( g 0)><10000><f
F-f1 SCN- & &E(w), #MALL mg/kg Fow, & F AN

C,—C
W=—(1 O)XSOxf
m

A

C-- X F8 25 MR FEATH Fo CIRI SCN R IRE, B A= W B TH(mg/L);

Co- X #825 H 2 AT Fry CIRI SCNFEIRE, B N2 7 B TH(mg/L);

m--FF i, %ﬁyﬂﬁ(g):

50--ill & REEIE VR A AR AR, SR 2T+ (mL);

SR A
2R 50w
2.1 R RIRAL

T HARY) o BRI T GBI 3R . A SCH 5 T (4 Dionex lonPac™ ASI11-

HC RFIC™ (4 mm x 250 mm) £ SH-AP-1 (5.5 pum, 4.0x250mm) %} H A5x4 B 2R 15
M, SEIGEE SR AL, FEMIEME Dionex lonPac™ AS11-HC RFIC™ (4 mm x 250 mm) I,
SCN-UHE, FAI CIE BRI B3R AT s fE 184 SH-AP-1 (5.5 um, 4.0x250mm)
b, Fv CIv SCN¥JEA B 2 B8 f e (L2 o 25 F, iE&# SH-AP-1 (5.5 um,
4.0x250mm) MR T Fv CIv SCNHEAT/r &, Fv Clv SCN-IFEIZAX AR 251 T 1 ER
BE R [R) 43 300 4.93. 8.10, 25.74 mins
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Fig.2 Chromatogram of F-, Cl-, and SCN-.
2.2 PiErfRAL

Tt BR B it v OB AR T REXT H AR S DA IS i T30 M3 Ba A1 7T LAAT RS B
IS AR, 20, AFA R Ba R BERACR EAAEER . A, TIERAER
MR E BRI AR T, 22X HAE SR ISR P A AR . Segixt 2 i 5 B )
e B P AR U AE B R AR 25 R AR Bt H A B ISR B S AT T EEBRIE 7T

1D PR ERMER

FE R 13 RN AT AL B BRI RE S AL B, PATHIRE 6 . ARG A 5 A
BRAR R L BRACR

(Ao — A1)

RE(%) = =———=x 100
0

A
Ar—FE 4 Ba AT I B R AR 0 THT A
Ao--FE AR L Ba AL BB AR A
% 2 FRIM R Ba HXIHERIRAIZLHER

Tab.1 The removal efficiency of sulfate ions by Ba columns from different manufacturers .

Peak area Removal
Manufacturer Sample efficiency RSD (%)
Blank sample
(n=6) (%)
A 823 41.2 1.5
1400
B 85 93.9 1.8
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R2EIAER IR, AR 2510 Ba AT ERERAR 2 BR8N 41.2%, A7~ R a1 Ba
FEXTBRIR IR L BR RN 93.9%, AHXTARHEIMZE N 1.5% ~ 1.8%, A= Ba HX iR
REAGEIFH LR,

2) GUEEXT B AR [ e

TEBR R AT, I 0.5 mL ¥KRE Y 100 mg/L PR G FRAEER, %0 1.3 Tk
AL IR AL B, “PATHIRE 340 SEEOLE R WK 3, IR R IR, A7 i ihig Al 2 il
() Ba H:XF F3H — @ MR ER, BISERSUN 20.4%~24.4%; A 77 i i A2 35 1) Ba A1
X} SCNHIA B RICR,  [BICR N 109.5%~111.9%; A7 i BEI1 Ba AEXT CIAG BT
[FIE,  EIUSCREN 102.9%, A2 22k i1 Ba H6 CIIRISCRELR, IR 161.6%;: AH
SRR ZE N 1.9% ~ 6.4%. LA A RBUR, J58ese iR 4 7= i sk 10 Ba A0 BRR B 1)
B P I BRRRAR AT 23 BRARIRE B CIAD SCNRIAS N -

% 3 AR Ba t3d F-, CI-F1 SCN-RYENEE (n=3)

Tab.1 The recovery rates of F-, Cl-, and SCN- by Ba columns from different manufacturers.

Average

Blank  Spiked RSD (%) Recovery (%)
Compound concentration/ mg/L
mg/L mg/L
A B A B A B
F- 0 0.2444  0.2041 1.9 3.2 24.4 20.4
Cr 1.5493 1.0 2.5782  3.2437 5.6 2.6 102.9 109.5
SCN- 0 1.0948 1.1191 4.2 6.4 161.6 111.9
2.3 BTkt KA

MR 2.2 7SI g5 R EIR, AR PR FRIECERACH 20.4% ~ 24.4%, XR
HA 5 EEX R T IR A BB AT AL . L 3 BRE R Inbr sk T LR, BRERIR & 1
MG B F2 )5 WARFERARZ T Ba HACEE, £ 5P KERIBERIR S 72 5m SCN
WA RIS, I Hd 2 R R AR BS 1340 v Re o H 4 7 AE AR . O T B R T
[N TR S, FRATV R o BB E N (il AT, IRAEE NS F RS 1.4 1T TR i)
BELAEAE 7.5 min V) R
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Fig.3 After treatment with the manufacturer Shenghan Ba column, the spiked

chromatograms of F-, Cl-, and SCN-.
Ll R, RS EESUT, IN 0.5 mL WKEEDY 100 mg/L VR & FRiE
W AR 13 AR AT A B SRS BRI 1, PATHIRE 3 0, BERNARE Batl Fr
M. IR ER (R 4) , FIERS Ba G MERSA 97.0%, AHXFRUENR
ZEN 2.1%, TEARZ Ba bl FRFINCR € 2K, JE4E FRRIAS Ba HEALE, B EAK IR
FERR L TEN G HZ IR 1.4 P RS 2R A AE 7.5 min 5 VIR IR
&4 KREZ Ba 1 F-RIEILE (n=3)

Tab.4 Recovery rate of F- without Ba column treatment.

Average
Blank Spiked . RSD Recovery
Compound concentration/
mg/L mg/L (%) (%)
mg/L
F- 0 1.0 0.9704 2.1 97.0

2.4 ZHEAEEIR

TERR R A T 5 0 R AN IS [E) 3 B2 (AR HE TR, VRN E PRI . 4% 1.4 15 AR 2 A0
1.2 51 R AR AE TR ROR 2 B RO T IR, il mAR, ok Frif e & RSN IR
FER 1, CI SCNZAIRFERAWRE 2, BL 3 PRSI AR ()RR (e, mg/L), HEAT 2t
BE CLE 3D o BL3 BRSSPI ERE LI e =R (SN=10) , SREHRE 1.5 TitHEA
XBEG R T BIR (R 5) o RMERRMEERGLER, 3 FBE TSR
HIGAET 0.999, F-. ClI'v SCN-HJE &7y 50.0 mg/kg. 0.00500%- 250 mg/kg. F-.
Cl. SCN-HJZAE K WL 4.
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#*5 F-. CI-fl SCN-HIZ& X REMNESIR

Tab.5 The linear relationship and limit of quantitation for F-, Cl-, and SCN-.

Compound

Liner range/(mg/L) R LOQ

F-
Cr
SCN-

0~20 0.99997
0~50 0.99998
0~20 0.99929

50.0 mg/kg
0.00500%
250 mg/kg
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Fig.3 Linear Graph of F-, Cl-, and SCN-.

LR 2 i FH BT S 75200 i R 45 SR 5 LS 3OS U AR O FR RE . A DR (%) R o
S FME GB/T 535-2020 (IERIEARER Y DR 2.4 R 5 e &R, #0813 59
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ZH RSD (n=6) , 5%t 5 Frox, Fv Clv SCN3 ANk BE /K SF 09 In As 1] i Z y
82.6%~105.5%, RSD N 1.6%~5.7%, J#i EFHFRER.,
%5 F-. CI-#1 SCN-ROEREMBZE (n=6)

Tab.5 Recoveries and RSDs of F-, Cl-, and SCN-.

Sample Recovery/%
Compound Spiked RSD/%
Background 1 2 3 4 5 6

50.0 mg/kg 3.8 99.2 934 953 963 1023 1025
F- 500 mg/kg ND 5.4 945 882 932 957 987 1035
1000 mg/kg 5.7 98.6 923 915 889 826  89.7
0.00500% 5.5 102.3 1034 1053 943 925 104.2
Cr 1.00% 0.0677% 3.0 942 915 931 973 928 889
2.00% 5.1 99.7 931 943 956 102.8 105.5
250 mg/kg 1.6 982 964 971 982 993 1008
SCN- 1000.mg/kg ND 2.6 972 965 959 983 102.0 101.5
2000.mg/kg 43 983 997 943 965 923 887

TE: ND FRaRARKH

2.5 FEAb I

I 13 T ROk R AT AL B D73, B 10 NIRRT R S RE B AT RS R AL FEA
KSRGS, FAEEPAT AR 2 RO IME, AR TRINIRZE, RE TSR
MRTEEPE . IS AR ST 545 BAE R b S A I IR B2, RN LS AT A (13
FIFES T F. CI SCNIIS &, SRNE 6. LR TR, 10 MERALRF, FA SCN-
Bk e R, CIHIEEN 0.0677% ~ 0.322%, {H¥ABIE bR ERE R . IEWX 10
AHEKFES T Fy Cly SCN-l R FREAH CZR

7= 6 mEtgEEmA F-. Cl-, SCN-HIEE

Tab.6 Content of F-, CI-, and SCN- in ammonium sulfate samples.

Content
Batch
F-(mg/kg) CI'(%) SCN-(mg/kg)
A ND 0.0679 ND
B ND 0.0677 ND
C ND 0.0789 ND
D ND 0.322 ND
E ND 0.156 ND
F ND 0.0897 ND
G ND 0.236 ND
H ND 0.259 ND
I ND 0.0987 ND
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Content

Batch
F-(mg/kg) Cl(%) SCN-(mg/kg)
J ND 0.189 ND
H: ND RRARKH

34w

PN Ve S RGN ol VI E 52 NAB i U NN S UK SN 1w 79 vivk = N W& 1 B
JNEME, @30T ERREREREEFE S Fv Cl SCN3 Al B~ 5 B Al ey ks il 7 v
A DL FHER I IR R B R Fy Cly SCNTI& & kgt wmiR, kS
RHEEPERETEAR, AT EAHICHREZOR . ESEERrEab I, AIFEsLF Fyo Cly SCNEIARH
PRAERR B EOR . (ERATTIERT BRER AT f AL A R, ASRE S S BEA T3 37 JE R BT IR B A
Al SERRTE L, BERE AN IERIBRIR 8™ b rh Fro Cly SCN-& B MR it 1A R4
ARFBG XT3 dh MR R R L, IR SRAT MR o 6 ] 5 A e o B
RS ISR
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