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Study on the relationship between the migration of aluminum,
silicon and boron in neutral borosilicate glass ampules and the
tendency of the inner surface stripping
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Abstract Objective: To investigate the relationship between the migration of aluminum ( Al ) , silicon ( Si ) and
boron ( B )in the neutral borosilicate glass ampoule and the tendency of the inner surface stripping. Methods:
Methylene blue staining and scanning electron microscopy ( SEM ) were used to observe the epitaxial condition
of neutral borosilicate glass ampoules eroded by erosive liquid, and inductively coupled plasma optical emission

spectrometer ( ICP-OES ) was used to determine migration of Al, Si and B in neutral borosilicate glass ampoules
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with different erosion times. The relationship between the epitaxial condition and the leaching amount is determined

by the change in migration and the trend of stripping. Results: The linear concentration of each element in the

range of 0.2-10.0 mg * L™ was good, the correlation coefficient was 0.999 4-0.999 9; The recovery rate was
88.2%-100.5%; The detection limits of the three elements were 0.001 5 pg * mL " (Al), 0.002 9 ug * mL ™" (Si),
0.020 5 pg*mL ™' (B). As time goes on, the migration of Al, Si and B is increasing, and the stripping situation

at corresponding time points is also intensified. The migration of three elements was positively correlated with the

inner surface stripping. Conclusion: The content of Al, Si, and B in the drug solution can be detected by ICP-OES

to infer the release of the neutral borosilicate glass ampoule of the packaged liquid drug.

Keywords: ICP-OES; package compatibility; neutral borosilicate glass ampoule; migration quantity

determination; stripping
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TEAF AL PR S T R 75800, A PR AR IR 1,
P B0 Y S 22 L 26 0.9% ALV W L 3% KK IR BN
R .20 mmol + L™ H & BR A W 3 Fh R 1l IR R 1ok, 34
AR BBE A, £ 0.001 mol « L' A AL SNIE WA= 1k
J& WA A, 2 0.01 mol - L™ S AR S
Wi BN, R P A S VA TR
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Tab.1 Types of etching liquid and processing conditions

- . ey ke A]
R FRHZ R ,
L ( heating
(etching liquid ) (pH) (temperature )/°C .
time ) /h
0.9% AP 8.0 121 2
(0.9% potassium chloride
solution )
3% IR BN 2.0 80 24
(3% sodium citrate solution )
20 mmol - L™ M 10.0 50 24
(20 m mol * L glycine
solution )
0.001 mol - L U EALANIAT  10.8 121 24
(0.001 mol * L™ sodium
hydroxide solution )
0.01 mol - L™ Z5ULIAR 121 121 24

(0.01 mol * ™" sodium
hydroxide solution )

2.2 PHPEE AR S B i il o5
221 BAPEBE A EER BEH] 0.01 mol - L7 & AL
W (pH 12.1) 5 0.001 mol « L™ S A ALNIA W ( pH
10.8 ), 1L U8, 43 EAEAN T ZARMAEAY 14 30355 T
P R PR RE B e, T 121 TR A Al mE o,
05.1.2.4.6.8.10.12.14.16.18.20.24 h, Ht i,
WA= MR R Y P R FE i
222 REWHERE K% EICAL S B 3 FiHIT
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%GR s W 4308 0.2.0.5.1.0,2.0,5.0, 10.0
mg + L7 1 R A AR I W, BUAR TR 50 29% 1)
TSRV RAE M 25 VTR
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Fig. 1 Methylene blue staining results
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2.5 fUERSE

ICP-OES T AE 2% %l & W & :220~230 V; 1)
2. 50/60 kHz, 2 800 W ( max ) ; & X, 70 & £ & /1.
0.6~0.8 MPa; 25 S i bl Hs ) - 448 175 Pa; I3
FEE: 1.5 mL - min'; JEER K AL fHE IR EE (20 =
2) C; Mk oo & K& % K : Al 396.153 nm; B
249.677 nm; Si 251.611 nm.

S

(T




| T T

(J‘PA, 20 B

——

Chin J Pharm Anal 2019,39(12)

+ 2217 -

B2 PfBRER

Fig. 2 Element mapping results
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Tab. 2 Results of linearity

LR

TTE o EEpE
(linearity range ) / . . r
( element ) o ( regression equation )
(mg-L7")
Al 0.20~10.00 ¥=5.150 x 10°’X-4.220 x 10*  0.999 4
Si 0.20~10.00 ¥=8.880 x 10'X+2.803 x 10°  0.999 9
B 0.20~10.00 Y=1.420 x 10°’X-4.803 x 10" 0.999 8

2,63 KGUTRR  HRAS HIATREELRIE 11 9, LA
TELE R 3 A bR v 22 FIT 6T 7 () e FE(EAE A e &
ARG R B, 25 5 L% 3.

2,64 K E WUIR G b o WO R B R
1 mg L) il i, LM 6 IR, LA ERR L, T3
RSD, &5 L35 3, {4 2 5 R4

2,65 FILEEME B A RGE R 2K
i FE 50 3%, PATHI & 6 Oy, AT 0 W BRI, 1155
RSD, 255 3% 3, A MERF A LA 20K,

WWW.Yywfrz.cn

=3 KWNTRBEEESEEHNELER
Tab.3 Results of limit of detection,

precision and repeatability

. . i HE M
e Kol T B e .
» ('precision ), ( repeatability ),
(element) (LOD)/(mg-L™")

RSD/% RSD/%

Al 0.001 5 0.60 1.5

Si 0.002 9 0.40 4.0

B 0.020 5 0.20 5.7
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F10mg-L7")4.5.6 mL 4531y, 43 % & 50 mL &
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B R LU AR A ka3 25 AL DL K] 4, Bl A 1] 1)
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Tab.4 Results of recovery test
. Tl ity s BRilk
TLHR HES SRR
('sample content )/ (added )/ (found )/
(‘element ) 5 o o (recovery ) /% (‘average recovery ) /%
(mg-L7") (mg-L™") (mg- L")
Al 0.109 0.800 0.828 89.9 88.2
0.820 88.9
0.826 89.6
1.000 1.007 89.8
1.021 91.2
1.012 90.3
1.200 1.129 85.0
1.109 83.3
1.133 85.3
Si 0.038 0.800 0.878 105.0 100.5
0.875 104.6
0.877 104.9
1.000 1.058 102.0
1.055 101.7
1.051 101.3
1.200 1.177 94.9
1.182 95.3
1.179 95.1
B 0.079 0.800 0.839 95.0 97.0
0.861 97.8
0.869 98.8
1.000 1.066 98.7
1.087 100.8
1.085 100.6
1.200 1.201 93.5
1.202 93.6
1.214 94.6
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Fig.3 Determination results of released elements content
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Fig.4 The trend of C(Si)/C(Al).C(Si)/C(B)
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