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ST VAR S A& 2 kg~3 kg, TUBT VIR G TR IEEHI DWW T, IREVABERIEEL 2 &, {LECAEE
3 545 2 kg~3 kg ZalBR i & U CERIL, B O 2 (Retsch ZM1000)C B BHE 500 um D 55\ & 2835
F O CHERIRRER AR 2 R L7
SRR R 1.8 g 28 =— VIR ANVEE L2~ D7 T4 Rkl et 957200, HRRRER e
DIRIZTUH NCFEFOTIVERT, & 10 RESIRBREICE L.

2) EERURE
Z B E CHE L= D& L7,

3) SUHTIVEEMEUVIIATIVEEMEET IR P ORIEMEFOERAIE

b0 MK EE W B e Rl A — Al R s —
PO ORI et A — R A — (B lEtr A —



32 NEEHIFZE S Vol 5 (2012)

(1) VAT VEE

WAL 1.00 g # 8- T 250 mL ARV =F LU TT 23 250 mL IZ A, 65 °C IZiHHEL=/KiEg{LT)
NI LEHR (20 g/L) K9 150 mL 2%, 65 ‘COKIEH T 10 532 LITHRVIE 72235 60 43 MRS, R
THERETHAL, ERETKEMZ, HEL CGRERRREZ FHRLT-.

FBHAR 25 mL % 200 mL OARY=F L oMy — 0 —|280, g 10 mL, 5ot VT 28K 15 mL
BOMALAVT 250 2 g 22 TRV =F LU BO B COMEIRETEDL, 10 ‘CLLF ORI TR 30 2
MBHLI, RV =T L BT —F 50 F A 6 Tk A T 2Tl AL, kAT AT
6~ 7RI LT, AR EDOIREMIIAMELHITKTh—/LE—H—300 mL {ZBLT/KTH 200 mL &L,
70 ‘C~80 CITHEALI-HEBIZT =/ — VT X AR (1 g/100 mL) Z 35N 2, FEAEKERL T R D A
12 (0.1 moL/L) CIAEK DN EIREUT /2D ETHEL, AVEMETWVERO B FH L7 (Fig. 1).

Analytical sample 1.00 g Polyethylene volumetric flask 250 mL

«—About 150 mL of sodium hydroxide solution (20 g/L) at 65 °C

Heating For 1 hour at 65 °C, stiring every 10 minutes
[

Standing cool

«—Water (up to the marked line)

Filtration Type 3 filter paper
[
Aliquot (predetermined amout) Polyethylene beaker 200 mL

<About 10 mL of hydrochloric acid
«—About 15 mL of potassium fluoride solution

<—About 2 g of potassium chloride

Cooling For 30 minutes in refrigerator
[
Filtration Type 3 filter paper, using polyethylene Gooch crucible

«—Wash with Potassium chloride solution 6~7 times

Transfer 300 mL tall beaker, washing with water

«—Water (up to about 200 mL)

Heating 70 °C~80 C

<A few drops of phenolphthalein solution (1 g/100 mL)

0.1 mol/L sodium hydroxide solution

Titration (until solution becomes light red)

Fig. 1 Flow sheet for silic acid in silica gel fertilizer
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Analytical sample 1.00 g

300 mL tall beaker

<—About 150 mL

of hydrochloric acid (1+23) at 30 °C

Warming

For 60 minutes in a water bath at 30°C,
(stiring every 10 minutes)

Filtrastion

Type 3 paper, polyethylene volumetric flask 250 mL

Transfer

Transfer residue on filter paper, washing with water

<Residue> <Filtrate>

—Wash with water twice

<—Water (up to the marked line)

Sample solution (1)

Transfer

Transfer residue with filter paper, polyethylene beaker 300 mL

«—About 150 mL

of sodium hydroxide solution (20 g/L) at 65 °C

Heating

For 1 hour at 65 °C, stiring every 10 minutes

Standing cool

Filtration

Type 3 filter paper, polyethylene volumetric flask 250 mL

—Wash with water

«Water (up to the marked line)

Sample solution (2)

Aliquot (predetermined amout)

Polyethylene beaker 200 mL (An aliquot volume of sample solution (1)
and sample solution (2) is equal.)

<—About 10 mL of hydrochloric acid
«—About 15 mL of potassium fluoride solution

<—About 2 g of potassium chloride

Cooling

For 30 minutes in refrigerator

Filtration

Type 3 filter paper, using polyethylene Gooch crucible

<—Wash with Pot

assium chloride solution 6~7 times

Transfer

300 mL tall beaker, washing with water

Heating

Titration

<—Water (up to about 200 mL)

70 C~80 C

<A few drops of phenolphthalein solution (1 g/100 mL)

0.1 mol/L sodium hydroxide solution

(until solution becomes light red)

Fig. 2 Flow sheet for silic acid in silica gel-including fertilizer
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(2) VBT NVREEE S ek

TR 1.00 g 28> T 300 mL Oh—/LE— A —{Z A, 30 CIZIHFEEL7-H/E (1+23) 150 mL /0%, 30
+2 COKIBHTI0/3 T LITH T AR THEIRERND 60 /0 FIME L1, 287722250 mL 2% gL L,
A 3 CTHRT 5. Fana 2 8], AR EOREfRYZ 2 BIKCHE L TSR CRE I Z 7 (BL TR
iR (1)) 23258 EORBEfRITIAREEBIZ, 300 mLAY=F Loy — B —(C ANT65 C ICFHsEL-
KA TR LERHE (20 /L) K9 150 mL Z01%, 65 COKBH T 10 537 LR =F Lo BOB B TvE
IR0, 60 /3MIINET 5. |IRETHM L%, A3 TAEL, Kéed 2 [0, AHE 2 BIKTHEL T
RV F LR ET T 22 250 mL &5 4w UAERRE CARE N Z 7 (LR RBHER (2) £ 975, ).

FREHANK (1)25 mL L OBUEHENR (2) D 25 mL Z[Al— DRV =F L Bl —5—200 mL 1280, HEEK 10
mL, 5o b BVD AERKT 15 mL O LYY 28 2 ¢ N2 TRV = F L SO R THZIRE TIEDL,
10 ‘CLA T O THI 30 oMW EILT-1%, RV=TF L U7 —F 5202 AHK 6 Fl J QAL T2 80 0Tk
SIAEL, HALHVT DR T 6~TRIYEF LT AR EOWEMIZAMRELHIZK Th—LE—H7—300 mL (2
BLTKTKI 200mL &L, 70 C~80 CITMEALIAZREHIZT =/ — /LT Z LA EHE (1 ¢/100 mL) 2205 AN
2, BEUE KR TR AV (0.1 moL/L) TR DN R IR AIZ /2D TR EL, AIATET O ERO Ba R H L
7= (Fig. 2).

4) HEFHBEARB DY E R
[UPAC/ISO/AOAC DEREFRER 7 b= /LD DO MRBR IZHE VS, & R A0 R R b nFh
10 B HRERY, FBHZ & 2 ST T I Totr&2EEL7-.

3. WRRUVUBE

Table 1 Base-soluble silicic acid in silica gel fertilizers by proposed method
in the homogeneity test for the collaborative study

. Mean" RSD” F value” F critical value”
Material
(%)” (%)
Silica gel fertilizer 1 80.38 2.7 1.32 3.02
Silica gel fertilizer 2 84.66 1.3 1.62 3.02
Silica gel fertilizer 3 89.62 0.3 0.64 3.02
Silica gel fertilizer 4 84.41 1.1 0.94 3.02
Silica gel fertilizer 5 85.75 1.9 0.87 3.02

1) Grand mean of the result obtained by analyzing ten sample containers in duplicate
2) Mass fraction
3) Reproducibility relative standard deviation between sample

4) F value calculated besed on analysis of ariance (ANOVA)
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Table 2 Acid-soluble and base-soluble silicic acid of silica gel-containing fertilizers

by proposed method in the homogeneity test for the collaborative study

. Mean" RSD” F value’ F critical value”
Material
(%) (%)
Phosphate fertilizer mixture 1 24.42 0.68 1.17 3.02
Phosphate fertilizer mixture 2 33.58 0.67 0.71 3.02
Compound fertilizer 1 11.47 10.36 1.99 3.02
Compound fertilizer 2 5.69 6.54 2.7 3.02
Compound fertilizer 3 20.86 7.03 2.95 3.02

* The footnote are showed in Table 1

2) HEFBRERUVIINERTE
BB ED O S I [FIERER KA Table 3 & O8N Table 4 (2R LT, BINRAERE ) 8 RERE DT, 4k

AUERRE AT/ o Tz

Table 3 Collaborative study result” for determination of base-soluble silicic acid

in silica gel fertilizers

(Mass fraction, %)

Lab. ID” Silica gel fertilizer 1 Silica gel fertilizer 2 Silica gel fertilizer 3
A 78.28 78.87 84.61 83.72 89.10 89.31
B 79.19 79.57 83.85 84.16 89.58 89.55
C 78.91 79.32 84.26 84.99 88.95 90.20
D 80.15 80.02 85.44 84.43 89.26 89.61
E 79.24 79.36 84.49 84.58 89.19 89.52
F 79.10 78.90 84.70 84.50 89.00 89.30
G 79.23 79.51 84.37 83.78 89.48 90.18
H 80.19 80.05 86.54 86.45 90.64 90.34

1) Not run outlier test

2) Laboratory identification
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Table 3 (continued)

Lab. IDz) Silica gel fertilizer 4 Silica gel fertilizer 5
A 84.72 83.82 85.25 85.64
B 83.53 84.15 85.18 85.08
C 83.84 84.58 85.83 86.63
D 84.91 84.32 86.16 85.72
E 83.89 83.60 84.94 85.37
F 84.10 84.20 86.40 85.00
G 84.66 84.58 85.82 86.34
H 85.93 86.15 86.54 86.36

Table 4 Collaborative study result” for determination of acid-soluble and base-soluble silicic

. ) . o, (Mass fraction, %)
acid in silica gel-including fertilizers

Lab. 1D Phosph‘ate fertilizer PhosplTate fertilizer Compound fertilizer 1
mixture 1 mixture 2
A 25.01 25.09 32.69 32.40 11.78 12.26
B 25.31 24.37 32.21 31.84 11.58 11.56
C 24.71 24.88 32.18 32.08 12.31 12.22
D 24.66 24.72 33.27 33.28 12.03 12.15
E 27.62 27.20 35.47 35.02 12.69 12.83
F 26.70 26.80 33.50 33.80 12.10 12.50
G 25.91 26.02 35.21 35.11 13.40 14.21
H 24.59 24.51 33.06 32.80 12.75 12.49

* The footnote are showed in Table 3

Table 4 (continued)

Lab. ID” Compound fertilizer 2 Compound fertilizer 3
A 6.11 5.95 22.29 22.45
B 5.80 5.64 22.05 21.84
C 6.49 6.22 22.68 22.59
D 5.99 6.04 22.33 22.46
E 6.09 6.00 23.10 23.28
F 5.98 6.01 23.00 22.80
G 6.45 6.13 24.68 24.94
H 6.32 6.20 22.97 23.10

3) FHTRERVERBEREE
PR BSAE J0 BRL H L 7 R, O T AR MR 22 (SDy) , AR MM 72 (RSDy) e T HorRat il (HorRat,) 3 UNZ
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=5 T P B HE (R 72 (SDR) , FRXHZ HE(R 72 (RSDR) MUY HorRat fifi (HorRatg) %3V 57 VT Table 5, U7
TV ERE T IEEH L Table 6 (27~ U7-. HorRat B30T HIEDREE QR Z 3 572D I VWb TRy, Bl
EDOELEZANBHIHE AL TS HBNT D720 BRBEIZFEH L. HorRat, I RSD/RSD, (P) &2 1" HorRatg 1%
RSDg/RSDg (P) (ZLVRDHIND.

723, RSDg (P) 1T 5 Horwitz DIEIEA (2 L0:RD, RSD, (P) 1% Horwitz DAEIE AR H (1/2) 23
U TR0 TRER AR IOV T UV IREFCIE, EEMEITE R 79.37 %~89.58 %, SD, & U} SDy
IR R 0.23 %~0.46 %M OVE 755 0.51 %~0.85 %, RSD; }2 (N RSDg 1% 0.3 %~0.5 %% 1 0.6~1.0,
HorRat, &% 0" HorRatg 0.51~1.00 }2 (8 0.54~0.93 Th-o7=. UL VIEEE & TARENCIE, M &
7R 6.09 %~33.37 %, SDr J2 OY SDg 13EH #4573 0.13 %~0.27 %% OVE 84575 0.22 %~1.26 %, RSD, &K Y
RSDg 1% 0.5 %~2.2 %% X 3.7 %~5.6 %, HorRat, & U% HorRatg 0.52~1.58 }x O} 1.21~2.23 T o722,

BT IVIEEE G T iR IR FRER 12 35U T 2 5B RSDR 28 1 %& %, EA5H0 RSDy 13U A7 v
fEELI5 1T 5 RSDR ICHARL TREN 72, Fio, ENEID RSD, IZk[T5 RSDR HHIL7=EZA, S UN7 VR
BFCIX 1.3~2.4 Tho7eds, YU NVIEEZ G T IEENCIE 1.8~8.7 THY, £DHH 3 kS 6.5 UL EERE
P3o7210 . Lo T RBRE M OBIEIC DWW THIEBOMRAE L FMiL 72L 24, BUEHAK (2) OFRTLZ I COKEE
T MY AFEIR (20 /L) THRLERHS D Sl 31T DR 2+ 0 IS i 9~ 57D IR A Z 35 L I L
7.

Table 5 Statistical analysis of collaborative result for base-soluble silicic acid in silica gel fertilizers

, 5, Mean”  sD” RSD’ HorRat” SDx’ RSDx" HorRatx”
Material No. of lab. s
)’ %) (e (%) (%)
Silica gel fertilizer 1 8 79.37  0.23 0.3 0.51 0.55 0.7 0.61
Silica gel fertilizer 2 8 84.68  0.42 0.5 0.92 0.85 1.0 0.93
Silica gel fertilizer 3 8 89.58  0.40 0.4 0.84 0.51 0.6 0.54
Silica gel fertilizer 4 8 84.44 037 0.4 0.81 0.77 0.9 0.84
Silica gel fertilizer 5 8 85.77 0.46 0.5 1.00 0.59 0.7 0.64

1) Number of accepted laboratories

2) Grand mean (n=number of laboratories x number of samples (2))
3) Mass fraction

4) Relative standard deviation

5) Repeatability relative standard deviation

6) Repeatability HorRat value

7) Relative standard deviation

8) Reproducibility relative standard deviation
9) Reproducibility HorRat value
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Table 6 Statistical analysis of collaborative result for acid-soluble and base-soluble silicic acid
in silica gel-including fertilizers

Y RSD,’ HorRat” SDr

7)

No.of  Mean”?  SD RSD:”  HorRatr

Material 1
o ) M 1) B ©L) (%) (%)
Phosphate fertilizer mixture 1 8 25.60 0.13 0.5 0.52 1.13 4.4 2.23
Phosphate fertilizer mixture 2 8 33.37 0.19 0.6 0.67 1.26 3.8 2.19
Compound fertilizer 1 8 12.43 0.27 2.2 1.58 0.69 5.6 2.04
Compound fertilizer 2 8 6.09 0.13 2.1 1.35 0.22 3.7 1.21
Compound fertilizer 3 8 2291 0.13 0.5 0.52 0.87 3.8 1.82

* The footnote are showed in Table 5
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8 RERE TRV T UBZIVIEEE 5 5010 45 KOS YR 7 VIEE S T ek, 1RAVABEIEE 2 56
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VT NEEHZ 30T A BURS EE (P HEER 22) 13 0.6 %~ 1.0 % THY, Jii /& T DRiE Th -7z

LinLZeiis, VB0 VEE 2 & e JERHT 3517 2 S FFBURS B (RRRHERHE(R 72) 18 3.7 %~5.6 %L KED >
7o ZORNEZRELT-EZA, KEE LT RID LB (20 ¢/L) TULER: O AIZB 1T 252 /0 oL,
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NEOFHEZT, PRERBRIEICE RIS LU, S UB 7 VIEERS Te iRk o a] R
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LB O AIVETE O EE O BRER LT B U TR E B O 2 Y MR 2 i T H 2 Ll LTz,
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Determination of Solubility Silicic Acid in Silica gel Fertilizer and Silica gel-including
Fertilizer by Potassium Fluoride Method: A Collaborative Study

Akira SHIMIZU', Shin ABE? and Jun ITO'

' Food and Agricultural Materials Inspection Center, Nagoya Regional Center
? Food and Agricultural Materials Inspection Center, Nagoya Regional Center

(Now) Sendai Regional Center

A collaborative study was conducted to evaluate the applicability of the method of potassium fluoride for
determination of base-soluble silicic acid in silica gel fertilizer and acid-soluble and base-soluble silicic acid in
silica gel-including fertilizer. Silicic acid in silica gel fertilizer was extracted with sodium hydroxide solution (0.5
mol/L). Silicic acid in silica gel-including fertilizer was extracted with hydrochloric acid (0.5 mol/L) and sodium
hydroxide solution (0.5 mol/L) successively, and then each extract was mixed. The silicic acid in the extract from
silica gel fertilizer and in the mixture from silica gel-including fertilizer was determined by potassium fluoride
method.

Five samples of silica gel fertilizer and 5 samples of silica gel-including fertilizer, respectively, were sent to 8
collaborators. These samples were analyzed as blind duplicates by each method. Mean values reported from
79.37 % to 89.58 % for silica gel fertilizer, and for silica gel-including fertilizer these values ranged from 6.09 %
to 33.37 %. For silica gel fertilizer, the relative standard deviation (RSD,) for repeatability ranged from 0.3 % to
0.5 %, for silica gel-including fertilizer these values ranged from 0.5 % to 2.2 %. For silica gel fertilizer, the
relative standard deviation (RSDg) for reproducibility ranged from 0.6 %to 1.0 %, for silica gel-including
fertilizer these values ranged from 3.7 % to 5.6 %.

These results indicated that the method for silica gel fertilizer has an acceptable precision for determination of
base-soluble silicic acid in silica gel fertilizer. But the method for silica gel-including fertilizer showed an
unacceptable precision for determination of acid-soluble and base-soluble silicic acid in silica gel-including

fertilizer.
Key words  available silicic acid, potassium fluoride method, silica gel, fertilizer, collaborative study

(Research Report of Fertilizer, 5, 31~40, 2012)
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