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1. [XC&IZ

FOBIIEM R DRECEDIREL 210 LEEHILD, TR S CAERREL B AL T
ENTHY, LB SEOMEREITE S DM (LUF, THEERE L), ) OTHEEO s OREREIZBE 5
BRI S ST @I O N E R AT DHEOME Y (LT, TAER 10D, ) TR OB LK
PEFOBEORFEN AT REL 225> TS, AIVEPEITWER IS DU T, ABF BT O A TE 1 Tdo 2 A 5 Bk i )
ETAREDOSHENEDLNTEY, TN LRI L > Tl A #iH 2 ED O TS, — 77, K
EYEOBRIS OV TR, IERHESOIERT (B 34E12 7 £T) O IR AE MR b CIRGE AT REZR ALK O FEH YK
PRIT BRI RO 2 Tl o770, JEEME BRIV Th RIS PRI O 4347 1 0 1 6 P 139
OB B AEEHI RE ST,

L, 47 F0 3 4 12 A OXERESEIEIZED, TR ETHH TEah o T FUB O 2 K i ISR fn s
M, ZWETETRRDIEEHRE OB S A HEL DL LI, ER DO IEEHI B W TH KT WER O RAE
INFREL TR ST e D, ERMETBRIAIZI W TETEIEE P O KISV W BR D 3 M ik 2 B i+ D BV E
Cle. A1), BEMOKEER L0, ETEALEL R OB WEED SAHTEIC W CRBUE DB - B A FEHi 928
HEGHEZT, T EORET R ORI O Sy IR F OREGRE1T -7 1T, H—iRBR=12d61 2 2% 4 M
REEML 7= O TBE ARG T 5. Fo, BERIEEHIINA T, MBS 5 X ERDH LT BN
IEEFAS A OHARIEEHZ 35U T i I &E R SE 2720 DR Y MR ZAT 72D T, fi T O A
HID.

2. #HRUAHE

1) SRR
(1) VR AR

MRS S USRI, AR AT B (A B3 B ATE B ECORE S ol
o, BUEFEEL T B B ILECARHRIE TR A RAEL TV BB BT/, 2072, KR
ERAE BT IEHC L0 T B IS A ATREMES B 5O, Z0M R R ROWEN=— 25135
HEC, 40 4 4B IGEREHC LDIERT (SR TR DRI LV D. ) ~BMDG- T, IR TS
A~ BT VB S B B D T o o — Mok 25, AT ~B LTI
AEPEREFH DBITIT, BB ORI B RAET B EBIL RO AT M FL VDI e 1
S THY, RFL OB LA Db T B EREEH 1B Th, BRI FREHI SO CHEE R

ST TR AR R B 2 AT 5 —f e —
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AR Ch o7, Fiz, 2B LU THEL TODIEEHEIZ DU T, RO ERIN BB @ S 3L TO 2 e
HABRIE 4424 SoLWVTLE LT, TBATO S AT L 180D, ) THONEIT 12825, W ho
FEEHZ B W TH A E RS EOKEEMET R D FARIRFER Sy & (BB E G IREHT 1.0 %, Z LIS o fRkHX
5.0 %) UL EOKRENETVEEE A L TODAEEHTZR DTz,

Z D=4 BIORFT TIEFEEL TODAEEFCIE7Ze<, Table 1 DIFWERE A 3RS AE AT HFEIE L TRER L
7o AR LT EEHZ W T, TWER YD AERHE(50 %) LIS DFRFEIZ DWW T HBAZ 500 pm D550
Z il 95 F T DA TR L 72D OZ AT R LTe. 1T WEER I U D APAHR (50 Yl DWW CIEXZEDE
ALz, ZNHORIET JIS HEICHESN TELT, Fifkr L —RITHY 3533 IFE S Qg
ED, N & T o Tl _SMLEE O i OGRS B S BURS D DB O fERE 23 AT e ek 4 FH V2.

Table 1 Silicic acid containing reagent

Chemical reagents Chemical formula

Sodium orthosilicate n-hydrate Na4SiO4 - nH20
Potassium silicate solution(abt.50 %)  K:SiOs; +nH.O
Magnesium trisilicate pentahydrate Mg>Si;05+-5H0
Sodium metasilicate nonahydrate Naz2Si03+-9H.0

(2) FHEEE:

FIVNMFOEET R D o AKFIH) Sy OAZ T OEE T R D ALK T & — B AR JFA B L CRE SN C
WHRIEAFLEA ETIRAL, SiO, A EAMEEOIRELR5LS, RBAEEE 1-1~2-11 Z/ERLIL oH7T HalklE
L7z, RICAZTOEE T NID DILKF LT BRI VD AR50 YOIZ DWW T, IRAEICED ISR Z BN e
EREERLIZARIR (AZT O ERF R ALK TS B O TR LI D L, FOER YD DT (50 %) IZHBW Tl
PRFE L OVK) HIRAL, SiO B A EAMEROIRE L2515, JHRAREL 3-1~4-6 Z/ERLL /3 HT FaEIE LT,

FWEE S A RIKEOIR AT L3 ERIE TR T IIS S ESN AL D& AV, BBIE 500 um @
AYV = @i 5 E Tt DA A T L 7=b 0% FV =, Table 2 125K O HEIA L Si0, OF%E
By BEa R Lic. 7eks, B QKB WO EH &I, b7 A5 (Si0) IZIVFEHTHZENEDD
NTWDZEND (EMKEL SRS 96 )Y, Table 1 DL D S0, & A RO PR E A H H LA RACE:

DOFFHIHNWTZ. 72721, AVNFWEE TR D A n ZKF) S DN ORI D R (50 Yo) i X B S BRSSO HHK
i (Si02 EL T 25 %~30 %X T 27.5 %~29.5 %) ITIRFT ST, IEMERBGRIEIIARH Th 722800,
IIMTAE (26.48 %% T 28.75 %) & VTRt &1To7-.



REAE R DIKEEVE TR D 3T E DS B
— B3R == KD % Y Rt — 21

Table 2 The mixing ratio of reagents and component concentration of prepared sample

(%(mass fraction))

Design Rati9 of Rati(? of Rat.e of The mixing ratio of other materials
Sample Compogent NasSiO4 NaxSiOs KoSiOs+ (The raw materials used)
of W-SiO: nH0 9H0 nH>O(abt.50%)

1-1 13.24” 50 50(Potassium chloride)

1-2 13.24% 50 50(Potassium nitrate)

1-3 13.24” 50 50(Sucrose)

1-4 13.24” 50 50(Urea)

1-5 13.24” 50 50(Boric acid)

1-6 13.24Y 50 50(Ammonium sulfate)

1-7 13.24” 50 50(Potassium sulfate)

1-8 13.24” 50 50(Magnesium sulfate heptahydrate)
1-9 13.24” 50 50(Manganese(1l) sulfate pentahydrate)
1-10 13.24” 50 50(Diammonium hydrogen phosphate)
1-11 13.24% 50 50(Potassium dihydrogen phosphate)
2-1 10.57” 50 50(Potassium chloride)

2-2 10.57" 50 50(Potassium nitrate)

2-3 10.57% 50 50(Sucrose)

2-4 10.57” 50 50(Urea)

2-5 10.57" 50 50(Boric acid)

2-6 10.57" 50 50(Ammonium sulfate)

2-7 10.57” 50 50(Potassium sulfate)

2-8 10.57” 50 50(Magnesium sulfate heptahydrate)
2-9 10.57" 50 50(Manganese(11) sulfate pentahydrate)
2-10 10.57" 50 50(Diammonium hydrogen phosphate)
2-11 10.57” 50 50(Potassium dihydrogen phosphate)
3-1 13.00” 61.50 38.50(Potassium chloride)

3-2 5.00” 23.66 76.34(Potassium chloride)

3-3 1.00” 4.74 95.26(Potassium chloride)

3-4 0.50” 2.37 97.63(Potassium chloride)

3-5 0.20” 0.95 99.05(Potassium chloride)

4-1 20.00” 69.57  5.00(Urea),25.43(Water)

4-2 15.00° 52.18  5.00(Urca),42.82(Water)

4-3 10.00° 34.8 5.00(Urea),60.20( Water)

4-4 5.00” 17.4 5.00(Urea),77.60( Water)

4-5 1.00° 3.48 5.00(Urea),91.52(Water)

4-6 0.50° 1.74 5.00(Urea),93.26(Water)

a) Design component concentration of W-SiO> calculated based on the analysis value (26.48 %) of Na4SiO4-nH.O
b) Design component concentration of W-SiO> calculated based on the theoretical value (21.14 %) of Na2SiO3-9H.O
c¢) Design component concentration of W-SiO> calculated based on the analysis value (28.75 %) of K2SiO3-nH.O

2) AXZFDHFN
(1) /K:ffizkfLELEE (217 Milli-Q IX 7005) 2 AW TR RIL 72 JIS K 0557 [ZHE T2 A3 DK
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(2) 0.1 molV/L /KEAbTFID AEHR - A BT (8 £ 7 AV LFDEHIER)

(3) Hale:JIS K 8180 sk (B L7 AL LR HIEK)

(4) HALAVD LIS K 8121 #REHE (& L7 A /L AF1EHIEE)

(5) =X /—1(99.5):JISK 8101 kA (F 7 A/ LFetisk)

(6) AF LR JISK 8896 Hfk (B sRALS:)

(7) =% /—1(95):JISK 8102 IR (& L7 A /L AFEHIEE)

(8) AF LRI (0.1 g/100 mL) : AF /LR 0.10 g ZTX /—/1(95)100 mL (ZIE LT,

(9) HEALH VD BEHE : =4 ) —1(99.5)250 mL %7K 750 mL (21X TRAL, LBV A 150 g 2% T
W UT=. FRRIEEL TATF AL o RIRIR (0.1 ¢/100 mL) i 2 N2, RO AR REAIZ/85 ECHEEETE T
LCEeEEL, 1 HB%E 0.1 mol/L~0.2 mol/L /KE&(bT N w7 AR CHAI L=,

(10) 5o bV T 2 JIS K 8815 FHERr#R (F L7 AV AR EHiHE)

(11) oAbV T BEHR : S ob VD A 58 g A 7K 1000 mL (ZIE LTz,

(12) 7= /=)L T7HL A :JISK 8799 H5fk (BsALS:)

(13) 7= /—IVT7HAEK (1 g/100mL) : 7=/ — VT HZL A2 | g ZTH ) —1(95)100 mL (ZIEH LT,

3) FERUEE

(1) &E7FRKUWA: A&D Company GH202

(2) WEAERVIEEH: Y1477 SRI(TZTAHTHZ 7 2 —%H 250 mL &7 T A% [HEL:Z. )
(3) ETEREXEEERVIEEHE: WIS ERT

(4) [HIEBHE:. TAUY Ugp—H—/3Z WB-100SAM

(5) RY~—8AMEER: NIRRT R =T L 8 LJE=} PSB-21

(6) wEHENE=Lwvh: RUEE T T3 APB-620

(7) =A% Retsch ZM-200

(8) RU~—MAET7T2a: NALGENE AA7ZA= PP #l 250 mL

(9) 1 FHTVERA T AR LR T T Aa: TAT R T7TA2 250mL JISR 3505 754 A
(10) pH #}: HORIBA fH b pH-EXInERA—H F-74

4) IKBETOEOHMBAEIC DT

BAT D StV MEOTH TR, BEHIKZINZ TSR EI T RS T, EBIZ, [H
INEETHHSTEIEEMSATIEIZ BN T, AIEMTOER ORI J7151%, K2z T B T inf s iR iR TR
(XD ZATH IEY BUGER ST, AR AKEHTTOBRO 3 HTIEDO S BAITHICHE 2D, BMOKER &
gz 172 EC, KIEHETOEEO Ry EOEFHRE [ KEMZ TIRVIEE TS NA IO ERO & H & £ 75
ZelL, FEAEE R O AKEEMEFOEE ORI 7 IO T, BUE, KT BRI AEEHZ O 45 FH S Tund
BATD S oAb AV DL HFEFRZ, EREEHIOIERS L7 M CTRFEED e LT, Fi, B
BEORETEDRE T, IERMEFE #£35 JRBRIEMERR O B0 & o TR T O BRI AR LIS O R A~ 3t
MHEFHZILRSE D720, ARIEEHZ DWW T B AR RO R 5 1E T O Z S MR Z T L7, 7233,
BT D 5o AtV DECIEHI 7 1EA B TR R IRV IR LK A2 N2 TR CIRVIEE 21 5 ik
DFIETRSTNDN, A RIZ YRR EITOICHTZY, MO KRS ORI S 2 BEFEREVIRE
A W TR WD CHO IR CTRFTEAT - 72, F72, HRIEE -~ F & PH 2 55 K 95128720, ke
BEOIKTEMED A BESE DK TR R S Ol 7 5L U TR S COA il S il R I SV TH O TRRETE 1T -



REAE R DIKEEVE TR D 3T E DS B
— B3R == KD % Y Rt — 23

7-.

5) A E

JEEFEERRBRYE 4.4.2 KIEPETWOEE 4.42.a 5o b VD MEIZIESE ORI To7-. b TRE AR IRV IR
W AT O EE% Scheme 1-1, BEFEIRVIEEHIZIATHHOWZES Scheme 1-2, TRAEEHZ IS
D FRIRVIERTICI A/ S EOE S % Scheme 1-3, fill HEEZ D OHIE#BAEE TOMEE A Scheme 2 IZ/RL
7o,

5 g analytical sample Weigh to the order of 1 mg to a 500-mL volumetric flask

«—About 400 mL of water

| Shaking to mix | Vertical rotating mixer (30 - 40 revolutions/min) for 30 minutes

<—Water (up to the marked line)

| Filtration | Type 3 filter paper
|
| Sample solution |

Scheme 1-1 Flow sheet for water-soluble silicic acid in fertilizers (Extraction-1)

2.5 g analytical sample | Weigh to the order of 1 mg to a 250-mL volumetric flask

—About 200 mL of water

Vertical reciprocating shaker(300 times/min, with amplitude of 40 mm)

Shaking to mix .
for 30 minutes

<—Water (up to the marked line)

| Filtration | Type 3 filter paper
|
| Sample solution |

Scheme 1-2 Flow sheet for water-soluble silicic acid in fertilizers (Extraction-2)

| 1 g analytical sample | Weigh to the order of 1 mg to a 100-mL volumetric flask

«—About 50 mL of water

| Shaking to mix |

<—Water (up to the marked line)

| Filtration | Type 3 filter paper
|
| Sample solution |

Scheme 1-3 Flow sheet for water-soluble silicic acid in fertilizers (Extraction-3)
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| Sample solution |
I

Aliquot
(predetermined 200-mL beaker made of polymer
volume)

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

<—About 2 g of potassium chloride

Cooling For 30 minutes or more in a refrigerator
I
Filtration under
reduced Filter made of polymer, Type 6 filter paper
pressure
I
Precipitate to the filter,
Transfer ) i . . .
3 times with a small mount of potassium chloride solution

<Wash 6 - 7 times with potassium chloride solution(below 10 °C)

| Transfer | 300-mL tall beaker, water

< Water (until the liquid volume reaches about 200 mL)
| Heating | 70 °C~80 °C

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

0.1 mol/L - 0.2 mol/L sodium hydroxide solution
(Until the solution becomes light red)

Titration

Scheme 2 Flow sheet for water-soluble silicic acid in fertilizers (Measurement procedure)

6) REANA

(1) TWEEEAHRIED 5B

Table 1 DIFWEEE A IRICHONWT, BUTD S BIT DIETHMTZ21T o712, 728, FiHIciT b T ism
[l HR D IR RS A L7

(2) FRBLAEEID S HT

Table 2 OFHEILEL 1 2 (22T, BUTD ST METHITEAToT2. 70k, fliHIZIE B R s
AR A L7

Z DS, A% OREHRIRIZ OV, pH ORIEETT-T-.

(3) fhHOERDZR B (R~ — LT 28 DOkt

AZFNEET N T LIKFI OFRIED 22T — 22— EOAL R RF LD TpH 138 M OKEEIR) 1 C
BHHZENDINST=OTY, HIHERIEF OIHER B (BT O 5oL )Y DIETIRTIHIT VIS 7 A AR T T2
) INBDITWIE S DI MO B ZHEGRE T 5720, R~ —RUORRETT A LI WEIET T A-OEET T
AD AT ST RENIUTAZ T O N L IR FIY 2 A, 3R ~ — e 87 7 2= 5 il A]
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REZR EEAEEIRVIB AR L.

(4) FEHEHL oy BB DR

BATD S b AUy Ak, 8 AR O BRI R AREHI BRSO TR, sEHAIR O/ B 3 [F0EHA
HRO—ER(SI0; LT 20 mg~50 mg FHYET, K 25 mL DL F) 2R ~—fEe— 0 —(ce5. | LFtHl
ST, Ez, HRIRITWERIN BB O S ARIRFER 7y B3 AKEPE T WERE L T 12.0 % THDHDITHRIL, #HiL<
IREEME TR DLRFEDS AT RE & 72 S T AL R NEEL S D 2 < D [ TENE B D i ARLRRE R 7y Sl KA MV ERE LT
5.0 % (OO EIEEZ B T 2B E S IEEHZ B W IR RAER 3 &3 1.0 %) E72> T2, #
BRI DSy B % 25 mL LU CHAILIZEHATR T O Si0: & B4 20mg & A2 ENTE T, MERNE
L7725, Z22C, RENAIR Dy BE% 50 mL &Y 100 mL (ZHEC LT8O B IZ OV TR ETT-
7=, BEhiEARAEEr 3-3 Z Wy, fiiHicid B TR R iRV IR L.

(5) VEAEsiIE D EORGT

BEtaAToH T, b AROBHEDDIROFHEAEEHI W TOKEPET W EEO RIS 100 %&0
E<ROEMA RO ZIE D BIb T A RO E R BN DIRWVEREI OGS, THEOBEO KR T N T A
RO E BN D122 DT80, mFDOVEZE CRALDID LERIR TOWEE) FRFZFE > CLES TR 2L T
HOTIFRDEB Z BV, DT, JEAK CH WAL VY NEIRO EE 2 2 TR OB AT 7.
FREHT 2204 FRCEH IR EL 3-4 C, SUEHAIR O3 IEZ 25 mL D6 L 50 mL O5A 2T
PeiAi ChHDHAL )T AAR O E% 10 mL, 50 mL, 100 mL & Y200 mL EL, 2 S0 TCOraiT-7-.
728, T B TR RS IRO IR A L.

(6) EFEDFHAf

B TERERERR IRV IR S E Ol 5 15 &K O EREIRVIEEHZ oAl FiEo B E o h %
17970, ZHENOHH S IR TRARS 4 IIEL75 I ERIEH B TR D A2V TR
U LIUKFY), SRR 341, 3-2 L OF 33, IR OB ALK S OWRITEHZ I\ TR EUEEL 4-2,
4-3, 4-4 J ¥ 4-5 Z N, 4 3 WPHMTCTOTEAT o7,

(7) DFTREEE K OV S BE O R EA

b FERE R IR IR A Ol R O R E A IRV IR A il 7 B O OF TG ) OY
RS E DRI ZATH 7200, T E ORI TR TAE B b CIRAE ATREZR 5 B #i [ oD th C B i
LARIR L L 70D IO B AL L TIIAZ T O EE T R D D TLK T K O RAERE 3-2, WRIRAERRE LTl i
NEEE 4-1 T 4-4 ZNT, 45 2 ROMTCTRZZAZ TS AR rE To7.

(8) E&E TIRFOHEE

bR REIR R 2 i 5k, E IRV IR F V7o 5 T & ONECIRIE BHS s
F5 M5 I HTED E B TR O T IROHETE ZATI720, £ R T IRMATORAELL TEZILEHI W TIE
AR 3-4, WERIEEHZ B W TITAHRALEL 4-6 2T, 4 8 WOMTTHONTEAT 7. HoNI= o HrED
TR R AEZ 10 5L CER TRAHEEL, DHMTIEMERAEZL 2% (n-1, 0.05) 5L L TR T IROHEEZAT

o7z,
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Eo, b FEERERR R I 7RI 30 CHEES I B T IRAIE O 151 Bl
SRR BT, TIULE 35 & 3 ROHTCHPTLI. HEESIIE & FIRAE ORI A LD
BRI 21 B LT

9) FRVIEFICLAM S kL0 kR ik

BIATD 5o bV LETIE, AR OB IR IEEHI B W TR RVIREIC LA S ENFRO b TVA.
A, WA AR D WRIR AR~ 3 F #iPH ALK T 2128720, AR O ER IR AEEIS O’
RABEHZ IR\ CH [REE O S i IR I KO KBV OB R S QOB EI TR T 5728, AF
Bk B CLRGE ATREZR IR S GG O TR0 D 3 JRE LD IDICTRIAEEL 4-1, 4-3 LV 4-4 ZHNT, FIRVIE
WICL D Gk EFinA R R IC I M s nEh 4 ST TREBRZFERL, F T
I2XD 2 BEORAED S WA MER L%, BRI « REEZEEL Cliflla B K% 5 % THERENDD
MR LTz,

725, BATD SV AEOFIRVIBEIZL DM S LT 500 mL 287 7 A5 0tk 5 g 20130
D&Y, 7K 400 mL ZNNZfliH 228705 TNDD, BRIRIERIO D K EEMERL 73 ORI T IETIE, 100 mL 42
BT TANIGHTEEL 1 g 213030 &0, 7K 50 mL 2N E1 T H kL 7eos TD T2, D KEMER S L[]
FROFBBHE IR ZAL FHL THEZATHIZEN TEDHLD, 4 EIORMETTIE 100 mL 2 &7 7 A3 T/K 50 mL (L0l
325k L.

3 BERUER

D HTWEREARREOIITHER

FOEE G A REED WS RIL Table 3 D LBV T, AXFOEET R LZILKFIIZ OV T HTHIE 21.13 %,
[ 100.0 % CHEEMERBRIEN B E AVICRIT2HEE O BAEZ- T IR e o7z, Fo, AV
FRUT L n AKF B TR ) BDESHR(50 Y%olls DU TIE, BRI A& E O BIRRIE (25 %~30 %MK
W 27.5 %~29.5 %) DTN TRIEMHTWOBERD 30T (26.48 % TY 28.75 %) Shuiz. 7283, 1TV~ R D A
HARFIIZOWTE, REDOLRT —F2 —F EOLFHIEEEL T, K, =& )=V KT BR~EEA
EWET I B L7 oTERY, EBRITKEMA T EEZIT S T2 BB K A~EET TOAEE71372<, 4T E
1.26 %, AR 7.3 %EWHMERWEINR 2T, D728, A% OBMPNIIE, BRIEEOFEE U I3 E
DADEIUR D FHR DY ATREIR AL TR T N D AWK F) B OB SRS 5 B OBIRRER S ii-A VM
g ND L n AKF, WRAERO R LTI RS 5 EORMSAE T ST O EE I U MR (50 %)
HWHZEELTZ.

Table 3 Analysis results of silicic acid containing reagents

Chemical reagents Theoreftic al Vil)ue Meanc)(%)a) Rec gvery
of SiO2 (%) rate (%)
Sodium orthosilicate n-hydrate 25-30b) 26.48
Potassium silicate solution(abt.50 %) 27_5-29.5]’) 28.75
Magnesium trisilicate pentahydrate 17.12 1.26 7.3
Sodium metasilicate nonahydrate 21.14 21.13 100.0

a) Mass fraction

b) Standard values of product specifications
c)n=3
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2) FRBEHO TR

FAELAEEL 1, 2 DAIHTHRE K O pH OHJIERE F1T Table 4 DEFRVT, A/LVRMFWVEET R A n KF L4
AR A LR 1 T, WARRKSE 7= L HRA L-REAREE 1-10 K OWARE —KFEDY
ULEIRA UTEAEE 1-11 Z2FRE, A% OEER D pH 25 12.0 KORENHOIFENIEDY 98.7 %~
100.1 % CHEEFEFBRIAM R E A [ZBITDEED BIE (97 %~ 103 %) &= 9 [BIL R 727248, pH 2% 12.0
FO/NENEDIEEILEEDY 61.8 %~85.8 %l iR Lieolz. AZTWEET MU AJUKFI & FERAREL
ToPRBLAERL 2 T pH EOHTEOBIRITLVIAE THY, Ak OFERATIRD pH 2% 12.0 LY RE\H0iXH]
I 100.1 %~100.6 % CHERFEBRIENME T A ICBITHEED BEE (97 %~103 %) Zii/- 3 [ L 72
ST, pH 23 12.0 KO/NEWEDIEEILEED 1.0 %~52.6 %E\ Ik R L7257,

77, FHEATEF 1-6, 1-10 K OFHRIPEEL 2-6, 2-10 1I2OWTIE, Fek ETRAL TWAEENSGICED
TUERZT BOBAEN RO, ZHDORERNG, ITOERT N A% AW IRE £ ETHERIL, IRET D
JEHDRSITEE L2 T 20BN HHE DT,

Table 4 Recovery rate and pH of prepared sample

Sodium orthosilicate n-hydrate Sodium metasilicate nonahydrate
Sample Value”(%)” 1:;3:;: ;y pH” Sample Value”(%)” l:;o):z )y pH”
1-1 13.06 98.7 12.4 2-1 10.58 100.1 12.0
1-2 13.11 99.0 12.4 2-2 10.61 100.4 12.1
1-3 13.25 100.1 12.3 2-3 10.63 100.5 12.0
1-4 13.11 99.1 12.4 2-4 10.61 100.4 12.1
1-5 11.35 85.8 9.9 2-5 5.56 52.6 9.0
1-6 9.88 74.6 9.9 2-6 1.21 11.4 8.4
1-7 13.23 99.9 12.4 2-7 10.63 100.6 12.1
1-8 8.18 61.8 11.7 2-8 0.17 1.6 9.5
1-9 9.20 69.5 10.9 2-9 0.10 1.0 7.0
1-10 12.93 97.7 9.9 2-10 1.31 12.4 9.2
1-11 13.14 99.2 11.0 2-11 1.94 18.4 8.2
a) n=I

b) Mass fraction
¢) pH of sample solution after filtration

3) HWEDBROBE (RIT—HEHSRHE) DRFHER

R~ — R ETTATLINT VT T AR A &7 T AaD it g R ORFIE1T 5755813 Table 5 DLV
T, N~ —led7 720z T Z T o 7256 O BT ENE 21.02 %, BEIERIE 99.4 %, 1EDWERT T
ABUA T T A% O THHI 2T 725 G O Wil 20.93 %, [BIERIL 99.0 % THY, EHLLO 48 H
IZRWTH IEHERBRIEN R T A ([ZBITHEED HEE (97 %~103 %) &t/ 3 BN R 27, Eo, W5y
FHEIZOWT, F BIEICKVE S B CHLZ L MR LIZOT, S EERE L -BIEEIToT2LZAHEK
e 5% TH B ZITRO LR T2 AT VOEEH T AD T VB VEEL L CEIRD T IV DA T A% AR
BITDVEDT —ERDHH0, S RIOMGHTTIE, 3ERAKR pH 1% 12.3 FETho72b 00, #iE T 30 43
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DO CHAST=T=DIEFNTOEEH T ANEDIF DRSO T-b D L Ebins.

Table 5 Consideration of extraction equipment

Mean” (%)b) Standard deviation(%)b) Recovery ratea)(%)
Polymer volumetric flask 21.02 0.11 99.4
Borosilicate glass volumetric flask 20.93 0.14 99.0

a) n=10
b) Mass fraction

4) AHBRERIDMEBORIER

FUEHAIR DOy BUEORRFEAT > T2 B3 Table 6 D L0 T, SUENAIR D43 BUEDY 50 mL O5A 130 il
1.01 %, [EULR 100.9 %, s EHAIR DS BEDS 100 mL DA ITEHHE 0.99 %, FEIULER 99.2 % TV o
A, BRI ACEHERBR LN R E A ICBTDEED BAZ (96 %~104 %) Zi = 3 R R /o7, 72721,
AEHAR O/ IR 100 mL DB, WH| AmEITOBROR BN L7220, AR MA BT 572, Kt
TWEBOE A EOIROIEEHZ W T, SUERERO 2 IED FIRE 50 mL £TETHIENRYEEILN
7-.

Table 6 Consideration of aliquot volume of sample solution

Aliquot volume of Mean” Recovery
Sample  sample solution b) rate”
0,
(mL) (%) (%)
33 50 1.01 100.9
100 0.99 99.2
a) n=3

b) Mass fraction

5) REBBROEICKIEWRE~DZE

Ve IR D BA L B L CTRLNZRIRORKE B4 Table 7 (2R L7z, TeHRIROED 10 mL OHA, Rk
BR O 5y B DS 25 mL, 50 mL W3 AU b IERHERERIEN RS A TEDDEED HAE (94 %~106 %) 22 %
[EUNER LR STDS, PP TARIR D &% S0 mL ELT-5503, #UEHATR O 43 BUEDS 25 mL, 50 mL W9 4uh -]
IR TN EREBEN B E A TEDDLHEED BRI LR o7, ek O &% 100 mL & T8 200 mL &3
R E b AR LB ERBEN B EH A TEDLIHED BFELUN LT

L EOFER XY, YEEAIR O B IR G AT R A 3 ISP ST RN RS < Fa D AT REME DS RIB X
iz, iz, TR O &N R UG, PEAIRO &H 200 mL OB G LIAMIEREHAR D53 BUEAS 25 mL O
B E X0t sUEHRIR O /3y RS 50 mL DFA DM 100 %IlZE W EIERAZELNTZ. ZOFEEND, ERR
RO EENRZL 0D THREF DT WEEE A BN LIV EDBRORRZEI/ NS 2o A REE D R E
Niz. 2078, UBORR CIIREREOE%Z 50 mL LLEEL, “B{LrAFEOEGEHEDDLRVGEIOE
AIIKERE T NI D DY O E R3S <725 LORBHRIR D/ BlE% 50 mL L3528 LTz,

728, VEAAIR D BIZHOWTIREHEREBRIE VX AR E AL VY DEIR T 3 BT L TR Z 4 C Al
ZRICBLAN, FIZDBEOEEHITLIEKRT 6 ~7 BIPET 5. | EREINTEY, 5 RIOMKE T



REAE R DIKEEVE TR D 3T E DS B
— B3R == KD % Y Rt — 29

IR EED HIRLAN Lo T Pelfimik o & 50 mL 13, BERBUROBEA DB FH S D Ve ik
DEL BT D70, PR O BIFATO ' TRERWZ LS.

Table 7 Effect of cleaning solution volume on recovery rate

(%)

Sample 100mL”  50mL” 100 mL” 200 mL”
3-4(Aliquot volume 25 mL) 115.7 106.6 105.6 102.6
134.4 104.0 105.1 100.9
Mean 125.0 105.3 105.4 101.8
3-4(Aliquot volume 50 mL) 108.4 103.7 103.4 102.1
112.3 103.6 101.8 102.4
Mean 110.3 103.7 102.6 102.2

a) Volume of cleaning solution (potassium chloride solution)

6) EEDTmiER

bR AR IR R A O RIS TS A HEE LA 1 T - 72 5% 54 Table 8-1, TEFTE
EIRVIBERE W7o IR IV TR E A HEE LAl A1 T - 7288 B4 Table 8-2 (IR L7z, AERFEERE
bt 3 A OFRBRIEDOZ S MR FNECTRINTND 3 SO T IS BIEM O [ Z Red 72
LA, EHLHLOAIHTETY, T X TORECREBFERBIENE E A IZBIT K IREL BT HEED
H AR A 7= L7,

Table 8-1 Result of recovery test(Vertical rotating mixer)

Design Recovery Mean value o Design Recovery Mean value L.
Criteria of the Criteria of the
Sample ~ component rate of recovery o Sample ~ component rate of recovery 0
) o trueness(%) 2 o o trueness(%)
(%) (%) rate(%) (%) (%) rate(%)
Sodium 99.6 98.2
metasilicate 21.14 99.7 100.0 4-2 15.00 100.1 99.4
nonahydrate 100.6 100.1
97-103 97-103
100.3 100.5
3-1 13.00 101.2 100.7 4-3 10.00 100.5 100.6
100.6 100.8
102.0 102.7
3-2 5.00 101.0 101.6 4-4 5.00 100.3 101.1
101.9 100.4
96-104 96-104
99.6 99.9
3-3 1.00 97.2 99.2 4-5 1.00 100.6 100.0
100.8 99.4

a) Mass fraction
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Table 8-2 Result of recovery test(Vertical reciprocating shaker)

Design ~ Recovery Mean value . . Design  Recovery Mean value . .
Criteria of the Criteria of the
Sample component rate of recovery 0 Sample component rate of recovery 0
2) o trueness(%) 2) o o trueness(%)
(%) (%) rate(%) (%) (%) rate(%)
Sodium 99.8 100.1
metasilicate 21.14 99.7 99.8 4-2 15.00 99.8 100.1
nonahydrate 100.0 97-103 1003 97-103
100.1 100.9
3-1 13.00 100.3 100.4 4-3 10.00 100.4 100.5
100.7 100.3
100.5 100.4
3-2 5.00 100.4 101.1 4-4 5.00 100.3 100.0
102.3 96-104 994 96-104
98.8 99.8
3-3 1.00 98.5 98.1 4-5 1.00 98.5 97.9
97.0 95.5

a) Mass fraction

7) BHTRERUHREEEOFERER

ZREHZOWT 2 AOMTTHEEZ TS HREDHTLIZAERIL Table 9 DLV THY, ORI D, —Iit
B Sy BT AAT > CHERE SV OF THRG BE K OV PRI RE BE O RFAT#E 5% Table 10 (TR L7z. b FHAEI=EER
EIRAEEEE O T IEICRB O L, A2 T WEET R A FUK T & OFRRAEEE 3-2 CHM T HE (R
7£0.3 %% 0.4 %, FREFHAEAERZEL 0.5 %% TV 0.9 %, FHRACE 4-1 L O 4-4 THATAHE MR 221X
0.6 %M TN 0.2 %, FRIFHRHEHER £ 0.7 %L TN 0.6 % Th-o7o. WEAERVIBEHE O 5 EIC
BUWTHRERIZ, AZTWEET N LI & OFREIEEE 3-2 THATHREERZE 0.6 %K% T 0.3 %,
H A SHE AR 7215 0.7 % TN 1.2 %, FREAEEE 4-1 KON 4-4 THM TASHEHER 2513 0.2 %% V0.2 %, F
AR HE(R 2513 0.7 %M T 0.6 % Tdho 7=, WO R 7= B BRIEME 2 A ITRSNS0F
ITHEEE (DHTHIXHEHER Z22) S O RS 1 (HR A TR HE (R 22) OS2 B Z O FF RSP AN & e o7,

Table 9 Individual result of repetition test of changing the date for the precision confirmation
(% ( Mass fraction ) )

Types of Test day

1
fertilizer Sample 1 2 3 4 5
(Vertical rotating mixer)

Sodium metasilicate

21.06  21.07 21.26  21.22 21.22  21.39 21.25  21.30 21.22  21.20

Solid nonahydrate
fertilizer
3-2 5.10 5.05 5.04 5.04 4.98 4.99 5.03 5.04 5.09 5.11
. 4-1 19.84 19.71 19.93  20.08 20.06  20.05 19.94  20.09 19.89  20.15
Liquid
fertilizer
4-4 5.01 5.01 5.02 5.01 4.95 4.95 5.03 5.02 4.99 5.02

(Vertical reciprocating shaker)
Sodium metasilicate

20.98  21.03 21.07  20.66 20.84  20.82 21.01  21.12 20.92  20.86

Solid nonahydrate
fertilizer
3-2 5.02 5.02 5.07 5.02 5.00 4.99 4.90 4.92 5.05 5.05
. 4-1 20.06  20.05 20.02 19.94 19.81 19.84 20.21 20.14 20.09  20.15
Liquid
fertilizer

4-4 5.00 5.02 5.00 4.98 4.96 4.97 5.03 5.03 5.03 5.03
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Table 10 Statistical analysis of repetition test result for evaluating precision

Repeatability precision Intermediate precision

Types of Sample Mean” 5 RSD."  CRSD.’ sin’  RSDin® CRSDim"
fertilizer (%)b) (%)b) (%) (%) (%)b) (%) (%)
(Vertical rotating mixer)

Solid  Sodium metasilicate nonahydrate 21.22 0.06 0.3 1.5 0.10 0.5 2.5
fertilizer 3-2 5.05 0.02 0.4 2 0.04 0.9 3.5

Liquid 4-1 19.97 0.11 0.6 1.5 0.14 0.7 2.5
fertilizer 4-4 5.00 0.01 0.2 2 0.03 0.6 3.5
(Vertical reciprocating shaker)

Solid  Sodium metasilicate nonahydrate 20.93 0.13 0.6 1.5 0.14 0.7 2.5
fertilizer 3-2 5.00 0.02 0.3 2 0.06 1.2 3.5

Liquid 4-1 20.03 0.04 0.2 1.5 0.14 0.7 2.5
fertilizer 4-4 5.00 0.01 0.2 2 0.03 0.6 3.5

a) Total average(test-days(5)xparallel analysis(2))

b) Mass fraction

c¢) Repeatability standard deviation

d) Repeatability relative standard deviation

e) Criteria of repeatability precision (repeatability relative standard deviation)
f) Intermediate standard deviation

2) Intermediate relative standard deviation

h) Criteria of intermediate precision (intermediate relative standard deviation)

8) EETRFEFDHTERR

HEE SHUT-E B TR KL O H R IR O#E 8% Table 11 (R U7-. b FHEAE ARV IR EHEA AV =R 7
IEIZBWTIIEIEIEE X OHIRIEEHE L2 30 CTHAELE 0.49 %X T 0.47 % CE & FRRIZ 0.2 %M T8 0.2 %,
B TR 0.04 %% T8 0.08 %lHEE Sz, TEAFEIRVIEEHZ i F BB W TIETZILE K
ORARAEEFEAVE AV TEEIEIL 0.50 %% T2 0.48 % TE & FIRIE 0.2 %% TN 0.1 %, M FERIE 0.06 % & Y
0.04 %IHEFE AL, Eo, IRIEEHZ BT 2 S HIEIZ VTR, FMHEIE 048 % TEE FRIZ 0.2 %,
B TFRRIE 0.08 Y%l HEES LT,

HETE ST B TRRAHT ORI DRI A TR T 572, FHRALEL 3-5 2 3 SAOHMT THOMr LIz R
% Table 12 (/R U7z, FERIE, EHOLOHMMITIETD, EEFERBIENEE A (RS QWD EED BREAH
e IR SRS,

INTERUSIZIBNT, AKIETETWEE OGRS O MR, A IEEHZRBWT 1.0 %, ZOMDZL<D
JEEHZ W T 5.0 % THD. - T, HEESNIZE & FIREITAEHE EOEH T ~&ERK/NED 1/5 LIF
THY, Y% B TRE T D IREHE O KBE T VRO G BA R T D720 D kL LTl ATRE T
HHTENHERSIIZ.
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Table 11 Calculated LOQ and LOD values
(% ( Mass fraction ) )

. Types of Design a Standard b c

Extraction method fertilizer Sample component can” deviation LOQ ) LoD
Vertical Solid fertilizer 3-4 0.49 0.01 0.2 0.04
rotating mixer Liquid fertilizer 4-6 0.47 0.02 0.2 0.08
Vertical Solid fertilizer 3-4 0.50 0.50 0.02 0.2 0.06
reciprocating shaker Liquid fertilizer 4-6 0.48 0.01 0.1 0.04
Simple extraction method  Liquid fertilizer 4-6 0.48 0.02 0.2 0.08

a) n=8
b) Standard deviationx10
¢) Standard deviationx2xt (n-1, 0.05)

Table 12 Result of confirming the lower limit of quantification(ZOQ) by recovery test

Extracti Design Mean value of Criteria of th
Sample er?; 1;)n component Recovoery rate recovery ;1 elrlla © Ry )e
etho (%)a) (%) rate(%) ueness(%
Vertical ) 101.9
ertic al rotating 94.9 973
mixer
95.2
3-5 0.20 94-106
Vertical 104.2
reciprocating 104.6 104.2
shaker 103.7

a) Mass fraction

9) FiRYBHFICXAEBMBELDF AR LERER

TARVIER LA S ks B s nsE ) RS LML O J7 I M R O #5 % Table 13 12
RLTZ. IREZEODHEICOWT FREEITT2E25, AEIEEL 4-1 ICBW IS5 TH LI L EMRL
72D, G HEE L 2 EARIZED t REER R LT-2 25, WA EKNE 5% THERZENTBD LN
Dote. PHEIEL 4-3 KT 4-4 IZB W TUIEDHUTRWIEZ MR LIZDO T, DN ELBRNWEE LT 2 12
RIZED t MEZFMLI-ZEZA, MAIAEAKEE 5 % THERENROLINIZN>T2. D12, 100 mL 4
B7 723K 50 mL ZRMUMHETTH 1 5 EIC B O CHIRIRIEEHZ BTk IEE T O ER 24312
SN WA Z e RS,
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Table 13 Test result using samples of 3 different concentration for evaluating trueness

New test method Validated test method

) 2) . b F -test t-test
(Simple) (Rotating)
Mean®) P Mean®) P Variance Critical Critical
Sample N 9 0 0 . 9 t-value 9
(%) (%) (%) (%) ratio value value
4-1 20.08 0.06 20.03 0.07 1.36 9.28 1.20 2.45
4-3 9.99 0.07 10.06 0.01 33.22 9.28 1.87 3.18
4-4 4.97 0.07 5.01 0.01 168.61 9.28 0.97 3.18

a) Simple : Simple extraction method
b) Rotating: Vertical rotating mixer
c)n=4

d) Mass fraction

e) Standard deviation

f) F (3,3,0.05)

2) 1(6,0.05)

4. FEDH

[ T2 AR e ONRAAR OB N B B LASR W R AR D AR TR TE T W R D S5 BT I DWW CHL— 3R BR =R 2B 1T
DR MR AT LTE A, IRDEFY, BIATOT bV T DED I HEBHEIK D53 s D FiR% 50 mL &
L, Ve o4y e 50 mL L7z ECTHMEE L THAORMERREZ AL CODIEa iR L.

(1) FHOBERDOZREIZDUWT, pH 28 12.0 FREED AXFWEET RID DIUKFIEIR TIE, 13TV T A
7T 22z AW TH O E~D B e o7z,

(2) REHAR D EEIZOWT, BITOSoAb AV AIED 25 mL 735 50 mL ~ZEH U255, [FIEEN
100.9 %&720, JEkFERBRIEMEE A ICBITOHEED BAEZ -3 B ERE 2T

(3) VAR D EDS 50 mL LL EdD5E1E, BBHAK D4 IEAS 25 mL &KUY 50 mL W D566 0
BHERBREMEE A ICBITAEEO AR 3 I R L o7z,

(4) BEEZFMT 5720, B NREXEERIRVIEEHE &K OCREEERVIEEEICBO T, BRER LD
HARIEEENE N TRZRD 4 IBEOFRIEEZ ANV T 3 ST TONLIZEZS, WOt 5 iETHIE
BHERBREMEE A ICBITAEEO AR 3 IR L o7z,

(5) WG K OO TR E 27 35728, bk FHEXEERD ISR OEEFEIRVIEEHIC B
T, BERAEE R ONRIRAEES 2 3B 2% % 2 ROMTCRALEXT 5 ARISITEITo72L2Ah, WTho
FRXHE R 2 IEEHERBREM B E A IORSNAIM TR (DM TAIXHERERZE) B OV RS 2 (A
IEWER ) O B LZOFFRFFHLN Th o7z,

(6) E&ETIREOHE TIREHEET D720, ks XRHRE R, EEFEREVEEHEE O
S GEARIEEID Z) 128V T, B AFRELT 0.50 %E2 B I /ERIL - 3L iRE 2 VT, & 8 4K
DT CorEFEMRLI-E2A, BERIEEHI BV T B FREIXEHRRVIE TR OREAEIRVEEHZN
ZHTEETIRIT 0.2 %M 0.2 %, B FERIE 0.04 %% T 0.06 % L HEESH, HRIEEHZ BV CT E
THAE XA IR IR, REFERVEEHE LK @S MEZNZ CERE FIRIZ 02 %, 0.1 %X O
0.2 %, HH TRRIZ 0.08 %, 0.04 %K T8 0.08 %R L HEES -,

(7)  WRARTOER N AR LA O AR IEEHZ B CRIRVIR T LA 5 B2 ME ] ATRED el 557
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W, FIRVIEEIZIDM S A T 21T o7cb 0 & b R AEHERVIBERIC I 21T o 72 b DI
DWTHIERIILEREAT 12825, WA EKYE 5 % THERENGBO DNIRIST-ZEND, ART IR
BRI OBCRAEEHZ I W TH il AT ZO KIS PR WERDS 3 (T S TS ZED R S LTz

X B

D) RO BB O CB T HuEE, W25 45 H 1 B, EHEE 127 75, BfESUESMS4ES A 26 H,
536 77
2) OB OMERFIZE T OIERIT ST T B IEE O N ERME A E D HFEOM:, 6l 4£ 2 22 H,
FEMORBER SR 5 284 7, IGRUUERFI SR 9 H 1 H, BEMOKES 57735 1053 &
3) MSZEATEGE NRMOKEN B 22t 2 — (FAMIC) - BB A (2023)
< http://www.famic.go.jp/ffis/fert/obj/shikenho/shikenho _2023.pdf>
4) NEBEO G E OB DIESE T EARE R — S OBUEICEDE, VAR NS —HE =
A ONT [RS8 A8 =5 K OV DU 52481 D B AR B O PRFEEE IS E O & A A flal 30 F IR & 0E
DO, R 1281 A 27 B, BEHOKEES 5RH 96 77, RAUWIERTTI3 6 H 14 B, RMKESR SR
21011 5
5) BEMOKPEL BEEBREEEINMIZERT  IEEH I ATE (1992 4EAR) , A ARNEREME E s, L (1992)
6) RET—H—h AXFTWEET NI AU, & 7 AV ARk At
<https://labchem-wako.fujifilm.com/sds/W01W0119-0244JGHEJP.pdf>
7) RNEATBOE NRMOKETH B 2 i 2 — (FAMIC) : IERH SR L (2023) R A
< http://www.famic.go.jp/ffis/fert/obj/shikenho/shikenho 2023 fuzokusho A.pdf>
8) LT —HL—h FWVEE~T IR LTIKFIY, &7 AV AR S
<https://labchem-wako.fujifilm.com/sds/W01W0113-0044JGHEJP.pdf>
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Improvement of Analytical Method for Water-soluble Silicic acid in Fertilizer
—Single Laboratory Validation —

TANAKA Yudai!, MATSUO Shingo?®, YAGI Keiji' and YOSHIMURA Hidemi'

Food and Agricultural Materials Inspection Center(FAMIC), Fukuoka Regional Center
2 FAMIC, Fukuoka Regional Center, (Now) FAMIC, Sendai Regional Center

With the revision of the official standards, it has become possible to guarantee water soluble silicic acid in
fertilizers other than liquid potassium silicate fertilizers. However, in the conventional testing methods for fertilizers,
the scope of application of water soluble silicic acid analysis methods has been limited to liquid potassium silicate
fertilizers. Therefore, in order to expand the scope of application of the analytical method for water-soluble silicic
acid, we conducted validation in a single laboratory.

Even when the aliquot volume of sample solution was 50 mL, the recovery rate was within the standards of
testing methods for fertilizers. If the cleaning solution volume was 50 mL or more, the recovery rate was within the
standards of testing methods for fertilizers.

In order to evaluate the trueness, a recovery test was conducted using four types of prepared samples for each of
solid fertilizer and liquid fertilizer. Intermediate precision and reproducibility were analyzed by one-way analysis
of variance using prepared fertilizers at two different concentrations. As a result, the trueness and precision were
within the standards of testing methods for fertilizers. The lower limit of quantification (LOQ) and the lower limit
of detection were estimated from eight replicate measurements using prepared samples. LOQ was estimated to be
less than 1/5 of the minimum guaranteed component amount. These analytical methods are valid for the

determination of the water soluble silicic acid in fertilizers.

Key words ~ Water-soluble silicic acid, solid fertilizer, liquid fertilizer, Vertical reciprocating shaker

(Research Report of Fertilizer, 17, 19-35, 2024)



