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ARSCR I H T KOH. 4245 Fl 114 ik 1) 0y 36 %o i e
PR B IEAE S HEA T AL B, A T 44 50 F R FARAE o, 1
i ICP — AES #1352 B,0, fl Ca Mg Al Fe Ti Si %
B IWICE & S TR Gl ik ik
TThRUERS R SR VC L , FF S5 AR U7 AT X0 He , ]
ASE LB Ak 12k 3 3 v B, O, 55 8 UL T 3 19 kA R
AT

1 SOy
L1 AU e TR

VISTA MPX Ht %5 & 55 B 1 1 & 55 635 4L
(ICP - AES, & [H Agilent 20 F]) U4 EE TAESH
W1,

AR (AR > 99.99% , b 50 3% ve i 52 H]
SEARA) .

HEAEK KA AR (Milli - Q, Millipore ) 5 H - K-
( A2008S, 1% [E] Sartorius 2> H] ) o

F 1 ICP - AES I Tfi:5 %k

Table 1 Working parameters of the ICP-AES instrument
TAEEH B A TAEEH BEE AT
EERUMITEN: S 10 mm R it 0 TR 3
RF 3% 1.15 kW — e a] S5s
FETOOUE 150 Lmin | QUBEEEN 15
B 1.50 L/min AR R 15 s
FHARET 200 kPa TH VLR 10 s
Ui Bl 2R R 15 v/min || G KHT AT TR] lh

1.2 brifEiai -2 285

# 00 R AR E I W (B,0,, CaO | MgO | ALO;,
Fe,0, Ti0, . SiO, ¥ B 45 % 1000 mg/L, F% BF 44 7 i
MEARARAH) .

A (R, RECER A T4 R
NCIDR

R (e, Jbmifb 1) .

Atk (FBHZE R 18.2 MQ -+ cm, 25 B R [H]
ABRAF) o
1.3 KPR Tk

PR E T OB 1 g SR R HEH R
TR 2 g SEACHR, Je iR e ml, 3533 . SRS 7E
600 ~650°C kL1 Fil 15 ~ 20 min, JEREHEHR , 86
R 5 MO BREE FE T I Y BE . Ve 5, T HROK B UG
AlY)F 300 mL ¥URHAR . 35 BRI, —WImA
25 mL 50% HYERER , FEFE Al S IR A G A
250 mL ZE i BRI

B [l U s i
1.4 RHbRAEE I ACH]

ASCHCH] 4 A RIVIPRE I, 25 PR e 1
SRR EIINAT 3 ¢ A, IR R, &
SARTE 5% R IR BE o 45 R 5 b 1V 1 53 5
h1:Ca0 (AL O, B A FREVA W (25,50, 100, 150,200
mg/L) ,MgO, Fe, 05, TiO, {& A AR EA W (0.5,1,5,
10,25 mg/L) ,SiO, bR #fE ¥ W (50,100,200, 300,350
mg/L) , B, O, bidfEVA TR (10,25,50,75,100 mg/L) .
1.5 R BT

FRRRER 1 SRR AR , MU S B IR AE A
FRAEIARRE G, M E AR RPN IR G R L, LA
SR EE AR, AIJC R R BE (mg/L) S AL bRtk AT
AAEENH, i bn e 2o Rl oo 28 Uk B N 7E i A8
FRUEMI IR Z N, WSRO0 Wk B D 1 AR
ity 3 L, D 37 0% 4 28 00 s o S AR 1 R S L i 2
ToR i F-E I T R MR B

2 gik5ihe
2.1 el gkt

ICP - AES i & B, 05 If, R B0EE A ey H 4
BDIE LR 2 249. 678 nm Al 249. 772 nm, {E B
PREL IS, AFLEXS B, Oy Y IX P A5 15 207 A T4
MTCER T H 283 0 P AR T 4 1 B R 2ok
AR E T, P I 249. 678 nm F1 249. 772 nm #FA] LA
YENB, 05 % FE AT T 26, (875 18 2 A LU BB AE Ay
HB, O, 1Y 15 i B, 7S SC e 24 08 5 R0 de v 19
249.772 nm JELAEAB, 05 73 HTIE LR

BRB, 055, B R 4 35 38 v H A 5 200 2 A9
WILEHA K,0 . Na,0,Ca0 MgO Al 0, Fe,0, TiO, .
Si0, , H.Ar CaO  MgO , Al, O, . Fe, 0, . TiO, . SiO, 7] 1)
FERE AR SCT5 5057 B, O3 I R 1Y Rl B, —FF 0847 43
Hro TEBNRERRER B AE b, Si0, 2 % i W Y T
BT b A B AR i, DR PR IR 2 AR
FbR e M R R A R At L, B 2 U AR A
2, IRBA SR Z A 2 251. 611 nm 524 Si0,
T IR

XFF CaO MgO AL O, \Fe, 0, TiO, , i Tl AR
FRBEHE TS X BETT R 1 i R A T
JUR , T HLIX e 0 2 7 e A Fo I 0P A R o AN
FEH R, PRI 3k 26 50 2K P e % AR A v HLR
Pef b 135 28, H AR« CaO (422. 673 nm ) , MgO
(279. 553 nm), Al, O; (396. 152 nm ), Fe, O,
(259.940 nm) ,TiO, (334.941 nm) ,,
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FBARM SR, A RIS AR 1 HT 2 T, KOH
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BT 0.5.1.2.3 ¢, fif KOH S HETEL S,
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KOH FH N 1.5 g F1 2 o I, 500 fil 5 2 10 A i
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R m AT, o] LR S MR R, (H% g H
ﬁn%ﬁﬂd‘ﬁﬁ? Ca0 MgO Al, 03 Fe, 03 JTi0, \Sioz%
JCER Y SE , FRAE B R R 2 S B W CaO
AL, O, \SiO, e B 2o 57 , S 5 CaO | Al O, SiO,
FRTRERA R , DXL AR SCHf s AL IEFRAE B 0.1 g,
2.4 HHrITiEBIAR bR
2.4.1  Jrikke s BRANE & IR

e iR s 1, I E 10 U, B 3 A8 A v D
22 JIT Xk L 14 % JEE A Sl B, O K HAh G 38 75 Jir 16 73
TEATT RYACERAS B, JBCH 10 A5 s O 22 I X 17 )
W BETHEAT B 19 B, O N2 HAth T R 1Y BT = 43 BUVE
TEFR Be /i 48 T By R

B, 0, X HAWTER Ak R R s R LR 2. AR
A PR UL 22 4F (4 43 A 22 36, B0 Ak R R B B o
B,0,.Ca0 MgO AL 0, .Fe,0, TiO, #l SiO, (¥ £ i
WHRTE 0. 1% LA b, PRIHAS J5 2k 1) 5 15 R 58 2 R %
2 LA EITRE R HTRYEOR
2.4.2  JyyEMERHEEFIR R T

VEPEOINAE IR R B BE PR VERE i GBW 03132, P47
FREL 6 FE  FRFE R I LR 0. 1 g, 4 BEA SO vk
M 5E B, O, S HAH WoTE % 1, IF SR UE(E BT

XFHE, X Feah R B A B A 22 W3 3. ik 3 n]
L‘J\ﬁﬂj, AL TT ¥R X B,0, J CaO MgO ., Al, O,
Fe,0, . TiO, ,Si0, 55 W70 3R 19 & 25 B AT 8 = 1)
K4 L, B Si0, 1 Fe, O3 AS, 45 70 38 I E 45 R 1 AH
XHRZEAIR Do 1T Fe, Oy HYZAERS 5 AR, AR
HARR DR 2Z TR B T~ 2. 94% (B H 4 % 15 22 AU
0.01% ,IZ4 RE BN, w1 THE & Si0, 1Y
g S AR, HAHX R 22 (- 3.24% ) 5 Fe, O, ]
4 (B HAE R RZE i 22 TR EOR I8 T 1.75%
ISR A ST 3 N 0 ke PR 35k B 3 v SO, 1) 45
HABVE N AR

42 ForHNRLBFUNE R

Table 2 Detection limits and quantitative limits of each element

S T R T
T (mgl) (%) T (myl) (%)

B, 04 0.080 0.067 Fe, 05 0.018 0.015

Ca0O 0.072 0.060 TiO, 0.010 0.009

MgO 0.016 0.013 Si0, 0.050 0.042
ALO;  0.055 0.046

TE R A BRI PREERERL 0. L g 3, EAAFR LA 250 mL it

3 PR

Table 3 Accuracy and precision tests of the method

i — SR EH(%) pwhinss gintings RSD
FRAEY) 5 T b oy (%) (%) (%)
B, 0, 8.87 8.80 -0.79 0.07 1.0
Ca0O 16.54 16.70 0.97 0.16 1.0
MgO 4.40 4.42 0.45 0.02 1.0

GBW 03132 ALO; 14.50 14.42 -0.55 0.08 0.7
Fe,0;  0.34 0.33 -2.94 0.0l 2.0
Ti0, 0.19 0.19 0 0 1.2
Si0,  53.98 52.23  -3.24  1.75 2.0

2.4.3 JiikbbfieE

TE 1 /B R £R 3 3 S Bt i TR S i — 2 ot 2t
M bR HEFE & GBW 03132, 4% 4 3L J7 16 Xt B0, I
Ca0 MgO AL O, Fe,0, Ti0, . Si0, 2% W, 6. £ #E17
e T ImbR SR . 3k 4 e g5 LT LA
B,0, & Ca0 MgO AL O, Fe,0, . Ti0, .Si0, %% 5%
ISR ENSCRTE 96.0% ~105. 6% Z [H]

3 RJIIESGIEB, O, W bsifE Ji i b ik
BEFEAIRIB, 05 5 HEY 4 AT RERRERBEERE 5, B
ARSI 35348, 0, B & i, SPA T AE 6 IR (n =6),
S EZARMETT I GB/T 1549—2008 € £ 4k 3% ¥ Ak~ 53
M) A R TR, BUARES SR LER 5.
RS MaE g R LA 1, B0, & T 4%
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IF, AR SO 125 1) o i J3E RO %85 B 55 6 1 D7 4 2 5
B, O, & BT 1% I, AR SO 3k BN 8 B2 110 T s ofe
7% ARPIAS T R WA i 22 R 08 22% o 8 T Bl E
B, O, & AT 1% IS5 i A v a1, 28 496 1) 52
PR il RS N — € B AR ERE i GBW 03132 1
Jr A AT AT AR EGR . AS ST I AR
HETT R RIS 50 4 0. 20% F110. 22% I F5A3C
7R HE 7 % 09 A 1] Wi 53 51 0 98. 7% Al
92.3% ,iXFWB, 05 5 AR T 1% I, A S5 L 1 o
W T hriE D %

4 JilknieR
Table 4 Recovery tests of the method

T ZEH PN e f HEE

- (%) (%) (%) (%)
B,0, 10.20 4.70 14.82 98.3
Ca0 14.65 8.77 23.22 97.7
MgO 2.22 2.33 4.57 100.9
AL, O, 16.99 7.68 24.56 98.6
Fe, 0, 0.16 0.18 0.35 105.6
Ti0, 0.11 0.10 0.21 100.0
Si0, 55.10 28.61 82.58 96.0

35 AR ShMET IR LR

Table 5 Comparison of this method with the standard method

by O Bzoff)iﬁ (o)
BEf 4 0.1~0.3 gﬁgigﬁ l:g
MOS0 puian o
B 6 §~10 iﬁiiii o
L T ek SO
4 45k

R KOH % gt iy Jr =X 78 M A i, S8 T 0
ICP — AES [R]H % B Ak FR £E 3435 - B, 0, .CaO \MgO |
AL 0, Fe,0, TiO, \SiO, 55 WITEK , 5e ik T H5ifE Ty
T B A5 TG 3 I R R AR R MR & T AR
R, 0.4 g LUFAMIRERRER DY BERE SLHT T LITE 3 g 45
filt KOH hiifioc 4, 4G B T ICP - AES
AYAIT, TIRE G 1/ INFRARE ey ok 10 e KR 22 [l i, 43
BB AT IR RN T 2 1) 35 1 R TG PR SR

AR5 B RE B, O, & i T Bl 2 /04 0. 067 %
~16% o BT SARMER T (R T R,
MB,0, B i T 4% B, AR 1 vE A B RORS 2% 5 5 4
HEDTVEAH S 5 2B, 0, AR T 1% W), AR a1 B2 A

K LA T AR ET 35, iy B fige B 1 10 A D7
LI E S RART 1% BB, 0, iR ZZER M )L
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Determination of Boron and Other Common Elements in Borosilicate
Glass by Inductively Coupled Plasma-Atomic Emission Spectrometry

GUO Zhong-bao' , ZHANG Yan-ni’, DAI Zheng', WANG Xiao'
(1. China Building Material Test & Certification Group Co. Ltd. , Beijingl00024, China;
2. Beijing Municipal Institute Protection, Beijing 100054, China)

Abstract: Boron and other common elements, such as Ca, Mg, Al, Fe, Ti, Si, in borosilicate glass are commonly
determined by different methods with low analytical efficiency. The measurement deviation of commonly used
volumetric method for boron determination is large when B, 0, content is lower than 1% . B,0, and other common
elements were determined by Inductively Coupled Plasma-Atomic Emission Spectrometry with sample pretreated by
molten KOH and are presented in this paper. The influence of KOH dosage and sample weight is also discussed.
The results showed that high efficiency and good effect were found with KOH dosage higher than 3 g, and sample
weight lower than 0. 4 g had no effect on B, O;results. Considering other determination elements, the optimum
selection of KOH dosage was 3 ¢, and sample weight 0. 1 g. Under these conditions, all RSDs(n =6) of tests were
less than 2% , the recoveries of each element were from 96. 0% to 105. 6% , each element had perfect results
besides the obvious deviation of Si0,. The limit of quantification of B,0; was 0.067% . The result was still good
when B, 0, content reached 16% . The content range of B, O; determination was at least 0. 067% - 16% . The
accuracy and precision of this method for B, O; determination were equivalent to national standard method
(Volumetry) when B,0, content was higher than 4% and better than volumetric method when B, O, content lower
than 1% . Compared with the related results, the content range of B,0; determination was significantly extended in
this method with high accuracy. Quantitative analysis of Ca, Mg, Al, Fe, Ti and semi-quantitative analysis of Si
were simultaneously realized with B, 0, accurate determination. This method greatly increased analytical efficiency.
Boron and other common elements can be determined quickly and accurately.

Key words: borosilicate glass; B,0,; major elements; KOH melting; Inductively Coupled Plasma-Atomic

Emission Spectrometry





