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0.3%~1.3% .0.4%~1.2% 0. 4%~1.0% . RAFETr ikFeRATET EH A MFZBLE F Z 84809 80F
WRAHA 2.3%~2.4% 2.0%~2.2% , — B 5Bk K H 58.T%~61. 5% 55.3%~59. 4% , BACAE 65 5B 1k
KA 15.9%~20.6% \14. 6%~19. 4% , M T 25 R KA — B, G5l A TR b9 = RBOLN L ICP - MS %A
kR e, ARG, AT, TR T ZBLE RAT B F 69 Z B =48 | — AR BALE AT E
KER: ZBL; ZRBBGEPB SN =848 ZRACRE; RACEE O M B B 4865 B TR
ik

hES %S RO17 ERARIRED: A XEHS . 0254 —1793(2024)04 —0577 - 08

doi: 10. 16155/j. 0254 — 1793. 2024. 04. 04

Simultaneous determination of aluminum trioxide, silicon dioxide,
and magnesium oxide in montmorillonite raw materials and their
formulations using secondary microwave digestion inductively

coupled plasma mass spectrometry technology *

CHEN Zhen', XIE Jing’, SHI Feng', XIAN Rui - qing', GONG Li - ping' **,
HANG Bao —jian', YOU Peng —fei' , CHEN Xiao', ZHANG Dong — mei'

b

(1. Shandong Institute for Food and Drug Control, Jinan 250101, China; 2. Qilu Hospital of Shandong University, Jinan 250063, China)

Abstract Objective:To establish a method for simultaneous determination of aluminum trioxide, silicon dioxide

IR TR ITRI(2022T2XD004 ) 5 28 LU E SR A A LA 4 28 B 1)y
wx JE{EMEE  Tel:(0531)81216561 ; E — mail ; gongliping_lp@ 163. com
H—1EH  Tel:(0531)81216585;E — mail :499167939@ qq. com

RO S



. 578 - Y S % E ChinJ Pharm Anal 2024, 44 (4) &J PA

and magnesium oxide in montmorillonite and its preparations. Methods; The method was optimized and estab-

lished for simultaneous determination of aluminum (*’Al) , silicon (*Si), and magnesium (**Mg) in montmoril-
lonite using rhadium ('”Rh) as the internal standard, a dilute nitric acid hydrofluoric acid saturated boric acid
solution with secondary microwave digestion and inductively coupled plasma mass spectrometry (ICP — MS). The
method was compared and analyzed with the EDTA volumetric method for the determination of aluminum trioxide,
the muffle ignition combustion method for the determination of silicon dioxide and the AAS method for the determi-
nation of magnesium oxide after melting samples of lithium metaborate in the USP. Results: The linear of alumi-
num ( Al) and silicon (Si) were in the range of 25 =300 ng + mL~". The linear of magnesium (Mg) was in the
range of 20 — 240 ng - mL™', r =0.999. The detection limits of Al, Si, and Mg were 0.49, 1.30,
0.71 ng - mL~". The average recoveries were 99. 7% —100.6% , 99.9% —101.2% , 99.8% —101.2% , and
the average repeatability RSDs (n=6) were 0.3% —1.3% , 0.4% -1.2% , and 0.4% —1.0%. The contents
of aluminum trioxide, silicon dioxide and magnesium oxide in montmorillonite, montmorillonite powder, and mont-
morillonite dispersion tablets were determined using the newly established method and the original standard meth-
od, and the measurement results were basically consistent. Eight common peaks were identified from fingerprints
of 10 batches of samples. The RSD values of relative retention time of 8 common peaks of chromotograms of sam-
ples were all below 0. 5% and the similarities were above 0. 9. The contents of aluminum trioxide in montmorillon-
ite were determined using the newly established method and the original standard method, which were 2. 3% to
2.4% , 2.0% to 2.2% , 58.7% to 61.5% , 55.3% to 59.4% , and 15.9% to 20.6% , 14.6% to 19.4% ,
respectively. The results of the measurements were basically consistent for the determination of aluminum trioxide,
silicon dioxide, and magnesium oxide content in montmorillonite raw materials and formulations. Conclusion; The
newly established content determination method uses a combination of secondary microwave digestion and ICP —
MS technology to determine the content of aluminum oxide, silicon dioxide, and magnesium oxide in montmoril-
lonite samples. It is simple, fast, sensitive, and accurate, and can be used.

Keywords: montmorillonite powder; montmorillonite dispersible tablets; aluminum trioxide; silicon dioxide;

agnesium oxide ; microwave digestion; inductively coupled plasma mass spectrometry
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Tab.1 Operating parameters of microwave digestion

P ke BIES FHl it [a] L PRA R 1)
(step No. ) (power) /W (heating up time)/min (temperature ) /°C (retention time)/min
1 1 000 10 150 5
2 1 000 5 180 5
3 1 000 10 200 25
4 1 000 17 79 3
2.1.1.2 SHEW ARG, 2. L LTI BT R AR BOE &, T 1% BERRIA N A A Mg

TEBRATE  C AR A 25 R
2.1.1.3 RAEIRMEMAIRIR KR Mg ALSI

ALSi B TR 5 b o il 20 T, o R AR O
Mg 0,20 40 80,120,240 ng - mL™", %% A1 0,25.50,
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100,150,300 ng + mL™", % Si 0.25.50.100, 150,
300 ng - mL ™',
2.1.1.4 NIRAW K% Rh SOTRPRER R
(1000 pg - mL™")0.5 mL, [l 1% PRI Be 248 2
50 mL i, #EA AH F E 0.5 mL, 50 mL #ff
b T 1% BRI R R 2L B850, B INPRI TR
2.1.2 ICP-MS THEZ%k

e KED B, #8000 M 4 <, mliE <
WRHAS, W E 1.3 kW, S AEB R
14 L. min"",SLSAHFE 1.03 L - min™', &HB)
AABURE 0.8 L - min ™' REERHES. 0 mm, I35
HERE 40.0 r - min ', FFRIFHUARYE PE & R
WIS, B AL E AR S, IS S PR RE RS .
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AL O, Si0, & MgO &,
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IARERR LR, TR IR R LR 2, R R R R AT, r
#=0.999; BUas (IR g 2200 2 11 3%, R C =
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Tab.2 The ICP — MS linear and sensitivity characteristics of determining Mg, Al, and Si content elements in montmorillonite

TR ]9 75 7 2 N LOQ/ LOD/
(element) ( regression equation) ' (linear range)/(ng + mL~") (ng - mL") (ng-mL~")
%0 ¥'=0.001 7X —0.000 8 0.999 9 20 ~ 240 0.71 2.35
2] ¥ =0. 004X +0. 000 6 0.999 8 25 ~300 0. 45 1.50
g ¥'=0.002 3X +0.000 4 0.999 9 25 ~300 1.30 4.35

2,137 TR 5 W 5, O A5 A ORE T AL
TSi M Mg 1T R, A RFIIC R S R RSD (n =
6) ¥ <2.0% , FRWULEHTE L RA4Fo 4RI 3.

2.1.5 EEM SR EIRE
HE B FRBA Sl 5 (S F 5N 100 mg)
o6 Oy, $5 2. 117 TR 5 2 i 25 R i v W, %

x3 BFHNTEHNEEUIBEEE

Tab.3 Repeatability and precision of each tested element

24 M. g 27 Al 28 Si
Fedh gy SR PR S
RSD/ RSD/ RSD/
(sample) (No.) (average content)/ (average content)/ (average content)/
o % . % . %
(g-g™) (g-g™) (g-g7)
S2A7 (montmorillonite ) S1 23.34 0.62 108.23 0.34 53.32 0.62
2 23.13 0.31 96. 02 0.52 51.92 0.53
S3 22.62 0.82 81.58 0.27 49. 66 0.32
AT (montmorillonite 4 19.05 0.44 76.35 0.51 50. 87 0.49
powder) S5 19.78 0.62 71.59 0.82 50. 64 0.64
S6 22.89 0.31 79.54 0.33 51.70 0.50
SEBRAT 43O (montmorillonite S7 23.70 1.0 90. 37 0. 68 51.48 0.62
dispersion tablets) S8 21.15 0.36 75.29 0.41 50.93 1.0
S9 18.81 0.15 78.49 1.0 52.13 0.90
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2.1.6 AR
KRR 38 7 (A2 T34 100 mg) ,
L6 0y, $ AR A LK B 1Y 100% Fe il 1Y it
PRV, $92. 137 TR 7 i 5, Jop™ Mg 77 AL
FSTCE B LU Rh R NARICE , 10 545 FF I oT K 1Y

Wl 7 A B PR B9 W 7, 3% 2. 1. 57 T A R A1
UCRE it ) B A PRI 45 2R 19 P 4 (60 SRR, T30 4
Hmprit o PRI 4. ALSE Mg (978 [ RAK
WA 99.7% ~ 100. 6% ,99. 9% ~ 101.2% ,99. 8% ~
101. 2% , B J7 i META 5 R4

R4 BEFENTERMAREEEES T

Tab. 4 Statistics on the recovery rate of spiked elements to be tested

X Mg 27 A1 B8g;
Fedh Y e e e
(sample) (erel (average b/ (average s/ (average b/
number) % % %
recovery) /% recovery ) /% recovery) /%
521 A7 ( montmorillonite ) S1 100. 0 0.87 100. 4 0.74 99.9 1.2
S2 100. 2 0. 62 100. 0 1.0 101.0 0. 82
S3 99.8 1.0 99.7 1.3 100. 7 1.0
5 B 41 1 ( montmorillonite S4 100. 7 0.14 99.9 0.37 100. 4 0.71
powder) S5 100. 2 0.57 99.7 0.22 100. 2 0.73
S6 100. 0 0. 66 100. 2 0.59 100. 9 0.84
el A1 435 (montmorillonite S7 101.2 0.52 100. 4 1.3 100. 6 0.42
dispersion tablets) S8 99.8 0.34 100. 6 0.85 101.0 0.37
S9 100. 7 1.0 99.8 0. 66 100. 3 1.2

2.1.7 FRE kAR
B2, 157N A EERES | AR (S1) 1Y
PR E 0.2 .4.6.,12 24 h 5 #4712, 1L

A i) 8 0 e B2 4 A5 o DM D 3R VR R Y
RSD(n=6)3 <3.0% , KWL AL 24 h N
TEVERAF . GRS,

x5 BEMNTERNIEEEHE
Tab. 5 Stability data of each tested element
Mg 7T Al B3
il éﬁ% Wi e e
(sample ) (serial ( concentration ) / Rsb/ ( concentration ) / Rsbs ( concentration ) / Rsb/
number) % % %

(ng - mL™") (ng - mL™") (ng - mL™")

2l A7 ( montmorillonite ) S1 47.9 47.3 2.7 218.2 .219.4 0. 87 107.5.109. 3 0.69
48.7.47.2 219.7.217.3 108. 4 .108. 2
46.3 45.1 216.5 214.2 107.3.107. 6

52 1t A1 2 ( montmorillonite S4 38.4 .38.7 1.6 158.2.159. 4 0.72 182.9.184.0 0.45
powder) 37.6.37.2 158.1.157.2 183.2.183.6
38.0.37.4 156.3 .155.2 182.4 (181.5

SR AT 23R ( montmorillonite S7 48.5.49.2 2.0 105.4 .106. 7 0.74 104.2.105.9 0. 87
dispersion tablets) 48.7 .48.0 105.9.105.2 105.1.,104.3
37.2 .46.7 104.3 104. 6 103.7.103.2

2.1.8 FEMINE
PR R S A 5 A B L S A 0 R

Frif i (MY T 5 A 100 mg), 3t 6 {7, %
“2. LTI A7 A A R A, 4502, 1. 37 I
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FOTEME , A HEURE S AL O, (Si0, Mg f)

oo, it e R R 6,

x6 MHEMERFITR
Tab. 6 Statistical table of sample results

& (content) /%

bes TR MgO Al, Oy Sio,
(camle) (serial Fonk  Ronk BOnk dOnk BORk BOnE

number) (original (new (original (new (original (new

method ) approach ) method ) approach ) method)  approach)
52 B 47 ( montmorillonite ) S1 2.0 2.4 19.4 20.6 59.4 61.5
S2 2.1 2.3 17.2 18.4 58.4 60.3
S3 2.2 2.3 14.6 15.9 55.3 58.7
52 1t A1 2 ( montmorillonite S4 / 1.9 13.8 14.9 57.9 60. 2
powder) S5 / 2.0 13.7 14.6 57.2 59.6
S6 / 2.3 14.4 15.3 56.9 58.7
SENR AT 4B ( montmorillonite S7 / 2.4 15.9 17.3 56.4 59.7
dispersion tablets) S8 / 2.1 11.9 13.8 57.4 59.0
S9 / 1.9 13.7 15.9 60. 7 62.5

2.2 (PEZM) Jrk——EDTA Rk AL O,
2.2.1 Zia KENAR

WA i g (AR T3 A 1.0 ) KEERE,
BRI, 733N ER 6 mL 5AEER 10 mL, fFE ] 58
E(AE L h), B L2 T, %, I iR
30 mL, &, SIS 2 DA HROK 235 4% 2 0 K I
A6 1, FRiE FH 80 CHUKPEDR 3 Ik, Bkl il Si0, & &
MEH . FrAMERA I, & 100 mL B, 04, K
BB ZI, 350 ke % i B 20 mL, in ik b Az
TEHTHUIE , BRI RR R UTVEVE TR , INBSTR — B
FREZZE MK (pH 6.0)10 mL, PRk %511 0. 05 mol « L™
S VU TS R — 4N 2 WK 25 mL, &k 3 ~ 5 min, Jif
¥ I B RS/ 1 mL, [ 0.05 mol - L™
W B A W AR e 6, IR e g RS
FI B 2 1E, B 1 mL 2 — i DU S R — 40T 2 T
(0.05 mol + L™") #H24F 2. 549 mg [ AL, 0,
2.2.2 ZEASTHT

PR SL 10 F, K5 86 FR 0, T 240, K 5% PR LG &
(2R TEMAT 0.5 g) , BHIHHH, T 800 C 41
PIRAEE MK N 0.5 ¢ FIEKIRER 0.5 ¢, 5], %%
2T ,800 CHUKT 3 h W40, 4 3 Y AFi R R AL
50 mL, $iE P 5% 0 50 2 i T % 2 250 mL BEAR
o AR 10 mL K g3 3 IR BEYR, YEIBOT AR,
IR ZE R 2 12 KB H WS, TR, A R R

RWEHR L

20 mLF1 2% S 1 mL, B 60 ~ 70 C /K13 IE
10 min, IR, B #GE 8, IFH] 80 C HUK IR %E
28 A IFUE MNP, B 250 mL B, KRR
ZVEE BEA] K B FE B S0 mLL, N2 il ik Hh A 245 A
FEDLTE, P IR Eh i 2= A a UiIE A TR, D8 LT,
USSR - B R e vp (pH 6.0) 10 mL, Ffhn
0.05 mol « L™" Z, " Jii VU Fi§ R — Wi 2 T 29 25 mL,
WS min, A, MW AR RK 1 oL, H
0. 05 mol « L™ "B M BIE AR A ML, R )G
JngEAeen 0.4 g, Z W 2 min, iK¥2 f5, /0. 05 mol -
L™ R 2 VR R IR TR R A N4, A 1 mL
MDY i TR A A2 W (0..05 mol - L) A F
2.549 mg 11 AL O,
2.3 (PEZ A —— i BRI E S0,
2.3.1 i KENAR

B2, 20 17 IR 5k i R 4R B A e, o
105 CHET S5, FH7E 800 C AT 2 h, ¥ , K 2 PR
Ao PR BRI KA , IR 7 mL () 3
s, /NGO EAE) SERR T W, 781,800 C LY
20 min, ¥ R RFRAE , WK B 5, B AE A S A
Si0, [ & .
2.3.2 ZiAsHr

WA G 10 | A 3 FR E , WF 40, RS %8 R L &
(MY TEMA 0.5 g) , B4 Y, T 800 C IR
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IR IEE, INRER AN 0.5 g FHERIRPH 0.5 g, hib), 5%
P2 THE,800 C I 3 h, ¥ HI, 43 U in A B 15 R 3
50 mL, i PEAEAR i 58 2 if T % % 2 250 mL B
o BT 10 mL K3 3 R PR, BEROT AR,
IR ZE R 2y 172 RBR W WS, T, In A 3R R
20 mLA1 2% B RS 1 mL, & 60 ~70 °C /K IB1F i
10 min, i IPAERE TG U8 Rk i [ IR 40 E T
fp 22 4 E I A 800 C M B R E T, B
2.4 USP 40 - NF 35 J5{:i—— Bl FR 2R A% A it s
Jr WS G RE I 5 E MgO

USP 40 - NF 35 HUSGR T S04 H MO 198 &
D7 T3 1%, To s A B8 52 A 43880 D 2 i o
2.4.1 BB

KRG 88.30 g, 1 000 mL &,
6 mol + L™ ERhERVA L 500 mL {fi Foizs fig, FHK 2 %%
B RS G
2.4.2 Mg brifEf &R

KB FREL MgO 1. 000 g & &4 7K 20 mL [ 250
mL BRI SRR 20 mL {5 3 f2 v 58 4, e S i
WE 1000 mL i, HKERZZE, #2505 %
w10 mL, ¥ 1 000 mL &, HKE A E 25,
5, BiAS .
2.4.3 Mg prifEh 2k

WRUOKG %25 i B Mg bR ifEGif & I i 5,10, 15,
20 mL, 43 5| #& 100 mL & i, K %5 A B0 i W
20 mL, FKFR RIS B 208 #:5), RIS
2.4.4 FEAGERTIR

KRR A LB 5 0. 200 g, B 25 mL 44t
Wb AR BIER B 1.0 g, IR S, A B ghdr b, 5
GEMg A, 2 1000 ~1 200 CLREE 15 min, K41 43
WARCASEAT 25 mL ARV (50 mg - L") 9 100 mL
Bt K% A 50 mg - L™ (RS FRYA W 50 mL, {4
FEHM IR I E L, B G I R A e b, 218
PP LA i B S R 2 250 mL ARG, B
At uE % 200 mL &), I K E BB 25, 35,
K% B E R 20 mL, & 100 mL s, A
10 mg - mL™" 1 S AL 4R I 20 mL, K 2 %5 & %)
FE, 4857, BIAS i B0 1R B0 65 il AF 0 5 1 R G Al A
W
2.4.5 AR

2 ORE S A A R 25 mL, B 50 mL &
o K E R B2 B4 KM % B S mL, #1100 mL

I, IASH B 20 mL, FHKHRG B =202, #5250,
IR
2.4.6 HARE

0 A SRR Mg Aot il 20 R 7
B FE T IRy S G BE A T SE , A I P 1 285 nm,
PEA D BT IR N R - Sk
2.5 4R

FEOHT 1 A 25 ST A0 5 S AT L 5 A B
S U (45 3 i) Al 05, Si0, Hil MgO 1y 75
i, PR AR TG, WAk 6. G ITTIE S HTIE
Kl MgO AL O5 F1 Si0, Ay 45 R BEA — 2, 25 $759%
A I 23 R W AR T8 07 35, X 49 2 Bl ik A I R
TR 5, EREIRBURT 7 I r R (I 3
3 iFig
3.1 HipAbBT I bt

SEMLAT P RERRER LR R T RCIR A I
PRES 27K L N BT 64 B ) B e 3% R R, 5 [l
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