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1. [XL®HIC

PSR R AR oD AT YA O EEERBR I S ORIV O BRI B AESE D KRR T WO SRR BR YR I, 8
TEVECTHDILR LY 0% Y DR SN TR I A L CO D IE RSB IEY ISR Sh s, 2
ARERIEO T, BT, VAR OBERER B TIEIR B iSE SRRV IR I I FIES R ESh T
B, KIEMETOEERBR LT, | A REEREVEEIC X ES R ES TS . [l REE IR R
BB D ATIEZIT AN DI TN ZE O, TEIR T EAE A RRRRD BRI IF T M THHIEND,
ARV IR Z OO T IEOBIZEIZ DN T, JEEFER TR BN B EE R A E DL TV .

— 7, MNLATBUE N MK PEE B 2 2l 2 — (FAMIC) TIEr4E, [IsIRVIREHEA V72 il
TIEDRFEHED TS, BRI KR 2= 4 O Sl 7 15, B IRE 0D AR R 5 Bl 4y D T BT
HIREIBEE T 515D, B AR VAT F2 R0y DR EOTEIRAFE 2 I 7 fh 5 IO 2oV TR
ATV, WL R 55 RA15. AN, SRSV OERE RS th o FTEAMET O (S-SI0p) 122U T
DIREDTEIRAE LD LS, ARG OERIN AR O AKEENE T EE (W-SI0) (I DW T Gl
EERFILT-OT, ZOMEEZHET5.

2. MHRUAE

1) SHTRAEH

AAPETOER ORI, ST BB LT, Wbt L TOLIERD AL 2 5, SRV ERD AR 3
IR ﬂulfﬁéu\b/u@&%ﬂ 15, IBEVAMIEERL 5 A5, IREIMENEE 4 5, FESWIFWERE LR 7 57, #EE
T 70— RIEE 2 550, OB AREE 1 40 (BF 25 40 %2, BBHE 212 um O 5250\ a2l 5 E THRE
L7cboz Az, Fo, KEETOEBEOREBRIZIL, IR OERIMEIRE 3 8220 FEMH -,

2) PRAE

(1) 7k: KEEREERE (Merck Millipore Elix Advantage 5) & VW CRERLL7- IS K 0557 [IZHLET D A3 D
K.

(2) 16 mol/L KER{LF R LIAH . 1SOIEC 17025 %I & &34 A 1 mol/L KRk F R 7 Aigsink (B
{B2%) 500 mL (27K 2500 mL Z ANz CHRU7-. SR 7= ik%E, BESITH 7INERERRE (B A1) & H
WTHEE LA L.

(3) HifE: JSK 8180 Hrfkaddk (BALZ).

(4) LAV L JASK 8121 Frflkad R (BB L) .

(5) HALAVD LEHE . IS K 8101 Frfk T4/ — L (B AL ) 250 mL Z7K 750 mL ([ZNx TRAL, Hik
J1V7 2 150 g NN TED LT, FEAREKEL TAF L L REANTR (0.1 g/100 mL) iz Nz, (E{Tﬁ@@m‘ﬁ@ iz
IROFTHIEATE FUTIHMESL, 1A MAGER 16 mol/L Kt R LG CHhFL7z.

LIRSEATBOE NEMOKEEIN B LBt 2 — i B 7 —
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(6) SofbBWUT LR : JSK 8815 Kkt So b DA (BAH L) 58 g & 7K 1000 mL (22 LT,

(7) AF VL yREEK (0.19/200mL) : JSK 8896 AF /LR 0.10g % JSK 8102 =4 _/—/1(95) 100 mL
(BN LT,

(8) 7= /)—NTHLA R (19100 mL) : JSK 8799 7= /— /L T7XL A 1g% JISK 8102 =% /— /)L
(95) 100 mL (Z¥EM L=,

(9) ZOMORIE: JERFERBRIE? (e Tz

3) LERURE

(1) #wRUA: sartorius CPA423S

(2) REHEIRANM: ZAT 227 MM-10(Y A7F 7 CF-0250 % V& &7 T A2 250 mL Z/KHEICRL T
BEEIZEELR)

(3) (TH{R) k FisEXEEVREH: —=8/Efr RS12

(4) Ayh7L—h: L2EESF NP-6, ADVANTEC HTP552AA

(5) 7AEL—%—: ASONEAS-01

(6) EHIL=Lvh: HHEET T2 APB-620

(7) EArZBBEEELEE: KEE L% CHA-600-12, AT-610

4) sWAE

FAMETOERORE L, 3B Lg% 1mg OHTETIIANVED, 28 7T A2 250 mL (2 A, 30 °C(ZHEL
7o Hal2 (1+23) 150 mL A2 /z, 30 °C DIRESTHIRAFE T 1 RFFIRVIEE M AL 2%, K TERL, A 3FET
AL EHAIR LT (Scheme 1) . F7-, J7ER H#IZ XD FLE OGS AE H L7-0E ko IR E T i@ =m
ARV IR B2 W sl FIRZ Scheme 2 1Z7RLT-.

— 7, KT OEEORIEIL, 3ES g% 1 mg OHTETIFNDED, 2877 A= 500 mL {Z A4, 7K 400
mL 20Nz, IRVIEE7HKTERL, A 3 FTAHIELRENAR L7 (Scheme 3). %7, HiEM kI kS
B DOFRIZAE A L7212k o B iR IRVIEE#2 ki FIIE% Scheme 4 [27RLT-.

ZHHOREHENRIZDVNT, JiiE 1% (Scheme 5) O FIETENZRIE L.

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

«About 150 mL hydrochloric acid (1+23) [30 °C]

Reciprocating water bath shaker (reciprocation horizontally at
Shaking to mix 160 times /min, with amplitude of 25 mm), at 30°C £ 1 °C,
for 1 hour.
| Cooling |
—Water (up to the marked line)
| Filtration | Type 3 filter paper
|  Samplesolution |

Scheme 1l Theflow sheet of extraction procedure using reciprocating water bath shaker
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1 g analytica sample | Weight to the order of 1 mg into a 250-mL volumetric flask

«<About 150 mL hydrochloric acid (1+23) [30 °C]

Constant-temperature rotary shaker

Shaking to mix . )
g (30 - 40 revolutions/min), 30 °C + 1 °C, for 1 hour

| Cooling |

<—Water (up to the marked line)

| Filtration | Type 3 filter paper

|  Samplesolution |

Scheme 2 Theflow sheet of extraction procedure using constant-temperature rotary shaker

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

—Water,about 400 mL
|  Shekingtomix |

—Water (up to marked line)

| Filtration | Type 3 filter paper
[
|  Samplesolution |

Scheme 3 The flow sheet of simple extraction procedure

| 5 g analytical sample | Weight to the order of 1 mg into a 500-mL volumetric flask
—Water,about 400 mL

| Shaking to mix | Rotary shaker (30 - 40 revolutions/min) for 30 minutes

—Water (up to marked line)

| Filtration | Type 3 filter paper
[
|  Samplesoluion |

Scheme 4 The flow sheet of extraction procedure using rotary shaker
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| Sample solution |

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

« About 10 mL hydrochloric acid
< About 15 mL potassium fluoride solution
«— About 2 g of potassium chloride

| Cooling |  For 30 minutes or morein arefrigerator
Filtration under
reduced Filter made of polymer, Type 6 filter paper
pressure
| Washing | Wash 6 - 7 times with potassium chloride solution
| Transfer | 300-mL tall besker, water

«— Water (until the liquid volume reaches about 200 mL)
| Heating | 70°Cc-80°C
< A few drops of phenolphthaein solution (1 g/100 mL)

0.1 mal/L - 0.2 mol/L sodium hydroxide solution

Titration . . :
(Until the solution becomes light red)

Scheme5 Flow sheet for soluble silicic acid and water-soluble silicic acid in
fertilizers (measurement procedure)

3. WRRUEE

1) IRESERKEOMBERTEDRER

AIVAPET WO BRI DD TR ED THIR K & F W 7 I B8 1T DB RR R E D /M ORGTH & AT 72, o7 v
[ 75 D358 A L0V A AR AVBE X DRSO ERE IR EFE - T, #2ED 1% 160 1E1E/53 1238\ THR IR S 14
% 10 mm, 20 mm, 30 mm KO8 40 mm 282 THMra1TV), R8T 7 AT A~OREIFERI L OVE Bl ~ D52
DHEREAT -T2, i % Table LITR U7, 4RIE 10 mm CTIEE 5 & O AR RIS KD E BT~ FENGRD S
7223, HRIE 20 mm PR CIEE & & OVE B~ EITFRO BTz, SHIZ, 1R 25 mm (23817 24k
AR T D720, AT 47 U PEEHOFEEWTWEREAEEL 1 & VT, AIEMET O (S SI0) ITOWTE
mLIRERE Table 2 (IZRLTz. zAa7 23 2 LR THY 43 & Tk R CTh-o7-.

LB, IRIES IS A 5.2 5280, A EAE U TR W 7e i as 2 L 7 iRk o B8 M 3=
RSy DR 715 19 KRS TERY, A IO &I AL K& OV E STk 7y 23 e 5723, 160 18/
53, PR 20 mm~40 mm TIXEE BB DOONT, ERESDEENRD ST ZENHERSNTND. 2D,
A B THRIE 25 mm CTRRETDSED B, Bt IR ERBRIEIZIT 160 1118/47, #RIE 25 mm~40 mm @
ESEANE HT

LLEDZEND, <EMEERS EORIFHIAT ORI EIENTTONLZEBIEL, S EIORFHIIB T, I’
EOTEIR KA DR ED B ORIE DO sk E 24 160 1E15/57, IRiE 25 mm &3 528 LTz,
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Tablel Relation between the adherence situation in sample,
guantitative value and amplitude

Slag silicate fertilizer Molten fertilizer
Amplitude Quantitative  Adherence Quantitative  Adherence
value? situation value situation
(mm) (%)” (%)”
10 35.58 Admitted 25.20 Admitted
20 37.10 — 27.24 —
30 37.02 — 27.16 —
40 37.10 — 27.11 —

a) Mean vaue (n = 2)
b) Mass fraction

Table2 Aptitude test result for equipment condition

S-Si02 mean® Standard Median
Sample deviation z-score
(%)” (%)" (%)”
Slag silicate fertilizer 37.29 0.29 37.22 0.11

a) Mean vaue (n = 3) (reciprocation horizontaly a 160 times /min, with amplitude of 25 mm)
b) Mass fraction

2) ALK ZEE D

APRVETOER (S SI0) 122\, 5k 25 52 FAWTC, 1HiE b M@ R RD IR A 7= fh 51k
EARYELOREE O BIN ONIATED 95 % 11 X [ % [B]F ELHR O J& I = Figure 1 (2R LTz,

AIEPET S (S-SIO2) (y=0.250+0.987x, r=0.999) DHED 95 %(EHE X [#13 0.964~1.010, B D 95 %[5
FEIX[#113-0.366~0.865 THY, MEEHEHBIEI RSN TV D EEFATOHEREFHE RS L S T-25, 4
RE/ T A—Z [T E R OHELERIPHN Th o7z

F72, KREPETOER (W-SIO) 1T D B 258 3 HEAWT, kNS E A RHRHRY IR 2 IV 7
S, FRVIELICEAM S M BV ENEN 4 SOMTCREFEML, F MEICEV S %
MERBLT-1%, t MEICEVIG T2 EHMEZ L L 7= (Table 3). WM OEEIZB W THABERETRDL
ARy
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Figurel Comparison of extraction method using a constant-temperature rotary shaker
and using a reciprocating water bath shaker
Heavy line: Regression line
Dotted lines: Upper and Lower limit of 95 % prediction interval
Thinline:y =x
%: Mass fraction

Table3 Test result using samples of 3 different concentration for evauating trueness

New test method  Validated test method F -test t-test
Sample®  Mean” 9 Mean” 9 Variance Critical t-vaue  Critica
Number  (9%)° (%) @) (%)° raio  vaue’ vaue'
1 16.31 0.17 16.22 0.08 4.66 9.28 0.92 2.45
2 22.76 0.15 22.74 0.13 1.26 9.28 0.20 2.45
3 25.45 0.13 25.45 0.09 2.01 9.28 0.10 2.45

a) Liquid potassium silicate fertilizer
b) Mean value (n = 4)

¢) Mass fraction

d) Standard deviation

e) F(3,3;0.05)

f) t(6;0.05)

3) BHTRERUHMBEDTE

OFTREBE K DN P AT RS BE 2R 907200, IREVABRILEL, SESUWNTWERE LR K& O 2 TR ORI VRN
BIEEME T, 2 IREO AT ER (S-SI0), KIEHET VWL (W-SI0,) % 2 AP T THZZ AT 5 [RER
ZERL TIEDIN R R Table4 (TRLTz. i, ZORERNL— TR E S BT 21T > TR M TR E
KOS E % Table 5 1Z/RLTz.



U7 g2 T IE B D o Rl 751k 7

IRA ABRIEELOD FTEEME T O EE (S SI0,) O F-HMEITE &5y 3 11.82 % T, P TAXMZHER 1% 0.8 %, T
FIAEXHEER 221 1.4 % CTh-oTo. Fiz, JESWITOEREAELD FITETE O ER (S-SI0p) O I B4y =3
37.22% T, PHTHIXHMERERZIT 0.4 %, AT MR 1% 0.4 %’C“&)of:

AR OB AEE 1 OZKIRYET VIR (S-SI0p) O FRMEITE By 3 15.98 % T, P TAHXHE MR 21X
0.8 %, FREFEXMEAER 21T 1.0 % Th-o7z. £z, IV \E&JJDEEEH 2 DIKEENET VIR (S-SIO2) DM
X &3 25.28 % C, JHATAHXIEEHENR 2215 0.2 %, H M XHEHERR 221X 0.5 % Th -7z,

FRRIEEAEAR 22 D5 O IR R BRIE RSV TO DO TREEE (DR TFR RS MR 22) K OV FEDRS E (Hp [T4E o
R O B LREROLEDOELIA, R ERAZIZH ZUNTH Tz, ZOTEND, AT VR
(SSI0p) DFHHIZ DWW T, 1HIR | T B X EEIRVIEE#HZ O W IRES EIR KM I KA, F,
REEVET IR (W-SIO) IZ DWW TR FIRVICE O G i T ES 072 )5 E ChHZ LN RS,

Table4 Individua result of repetition test of changing the date for the precision confirmation
(% (Mass fraction))

S-SiO: W-SiO2
-L:;t Mixed p.h.osphate Slag manganese L_i.quid pota.s_sium L_i_quid potgs_sium
fertilizer fertilizer silicate fertilizer 1 silicate fertilizer 2
1 12.06 12.07 37.39 37.34 15.75 16.02 25.50 25.44
2 11.77 11.59 37.22 37.05 15.97 15.92 25.22 25.14
3 11.67 11.80 37.03 37.05 16.02 15.95 25.21 25.24
4 11.79 11.78 37.08 37.49 15.93 15.87 25.23 25.13
5 11.74 11.92 37.36 37.20 16.33 16.07 25.42 25.30
Table5 Statistical analysis of repetition test result for evaluating precision
Repeatability I ntermediate precision
Component Sample Men? s RDY CRD st RDip? CRDIr)”
@) () (%) (%) ®%)” (%) (%)
f'\g;’t(iﬁge‘:h%phate 118 009 08 15 016 14 2.5
S-S0z
Slag manganese fertilizer  37.22 0.15 04 1.0 0.17 04 2.0
Liqud potassum siicate 1598 010 08 15 015 1.0 2.5
W-SIO, fgrtll_lzer 1 | )
Liquid potessium silicate oo oo 506 02 1.0 013 05 2.0

fertilizer 2

a) Mean vaue (n = Sample number of parallel test (2) x Number of Test days (5))
b) Mass fraction
¢) Repeatability standard deviation
d) Repeatability relative standard deviation
€) Criteria of repeatability (repeatability relative standard deviation) shown in Testing Methods for Fertilizers
f) Intermediate standard deviation
0) Intermediate relative standard deviation
h) Criteria of intermediate precision (intermediate relative standard deviation)

shown in Testing Methods for Fertilizers
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4. FEDH

PESVMF O EREL LB th D AIEEPE TR (S-SI02) I2 W THRES IR AR 2 W = dh 5B S, IR
N HE IR DK ESPET IR (W-SIO) IZ DWW TR G fill B BGETLT2L 24, IROFERBGLNI.

(D TR R X EERIR VIR SR A OO 7 EE LT, IRES TR AKRE 2 F O Tl Y AT REZ2 b 2
SRR LT2L A, REDMIEL 160 1E1E/53 M OMRIE 25 mm LA E O SE0 56, BiAFoRht )7 kLR
FRIEEDMRE CH D L fesB LT,

(2) AIYATET R (S SIO) IZ W T HEVEE 25 82 VT, 18R FisfCRERE A -
T T EEAE ORI EMZ i L7z 24, MHBEMREIL r =0.999 Z7RL, 5RVMHRBSZ RLTC.

(3 AKEEMET VIR (W-SIO) (T DWW TERRDIREE D /T HFEE 3 S HWT, b T HEREIEHRRIE 5%
W G IEEARIEEORERIND, S0P HERINDEEHITRERD t REE FEML 7L AR
EKYE BB CTH BERZETRDO LN -T.

(4) FEEMEOER (S-SI02) 122UV, D THS EE K OV R RS FE DR A AT o 7oA e, D TR XM HE(R 221 %
0.4 %~0.8 %, HHEAIXHEHER 2% 0.4 %~1.4 % CTh-o7-. Tz, KEEMETOEE (W-SI0) 122\, P THS
JE B OV RS FE DR AT o TG R, DM THRHEHE(R 2213 0.2 %~0.8 %, PHIFHRMEHER 1L 05 %~
1.0 % TH-7e. WIS IREHERBRIEI RSN CODIEED B Zai7-L Tz,

PLEDZ LMD, AIEEMETOEE (S-SI0) OFHIIZ DWW, fEIR B Fiisf X nisR0 IR A e RS
MEIR A LD A, E72, AKEMET VIR (W-SI0) IZ DWW T FIRVICE D8 G il HiER3 5372 55T
HHT LN RIS,

X B
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Extraction Method for the Silicic Acid in the Fertilizer
using a Gener al-Pur pose Equipment

Toshiharu YAGI?, kenta SAKUMA?

! Food and Agricultural Materials Inspection Center, Nagoya Regional Center

The Japanese Official Methods of Analysis of Fertilizer provides several determination methods using the
(constant-temperature) upside down rotary shaker (hereinafter : rotary shaker) as the extractor. However, the
rotary shaker is a custom order apparatus. This study describes development and validation of extraction method
for the soluble silicic acid and water-soluble silicic acid in the fertilizer using commercially reciprocating water
bath shaker or simple extraction procedure. The values of S-SiO, measured in 25 analytical samples by extraction
method using a reciprocating water bath shaker were compared with ones using a rotary shaker. The former values
were achieved and correlated highly with the latter values (Line of regression and correlation coefficient (r =
0.999, y = 0.250+0.987x). The values of W-SiO, measured a quadruple test using 3 different concentrative
analytical samples by extraction method using a reciprocating water bath shaker were compared with ones using
an rotary shaker. As the result, significant difference was not confirmed in homoscedagticity of the results of 2
groups and t-test for each concentration under the two-sided significant level of 5 %. S-SiO, and W-SiO, were
conducted a duplicate test per 5 test days using two analytical samples, respectively. As the result, total mean
values (mass fraction) of S-SiO, were 11.82 % and 37.22 %, repeatability relative standard deviation (RSD,) were
0.8 % and 0.4 %, and intermediate relative standard deviation (RSD)) 1.4 % and 0.4 %, respectively. Total mean
values (mass fraction) of W-SiO, were 15.98 % and 25.28 %, RSD; were 0.8 % and 0.2 %, RSD, were 1.0 % and
0.5 %, respectively. These extraction methods are valid for the determination of the soluble silicic acid and

water-soluble silicic acid in the fertilizer.

Key words reciprocating water bath shaker, soluble silicic acid, water-soluble silicic acid, fertilizer,
single-laboratory method validation

(Research Report of Fertilizer, 12, 1~9, 2019)



