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Determination of sub-ppm arsenic in non-alkali glass
for LCD substrate
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We propose a method to determine trace arsenic (As) in non-alkali glass for liquid-crystal
display substrates. The As concentration is determined by hydride generation combined
with inductively coupled plasma atomic-emission spectroscopy after hydrofluoric acid and
perchloric acid decomposition. Perchloric acid prevents the generation of hardly soluble salts,
such as SrSO4 and BaSO4, which are generated when using sulfuric acid. Adequate control of
the As valence during pretreatment with the oxidizing and reducing agents is necessary for
accurate determination of As. Potassium permanganate is added to hydrofluoric acid and
perchloric acid decomposition liquid to oxidize As (II) to As (V) and prevent As
evaporation during glass decomposition. MnQOs, which is generated from potassium
permanganate, is dissolved with hydrogen peroxide. Prereduction to As (II) is necessary
before the hydride-generation step. Evaporation dishes made of polytetrafluoroethylene
instead of Pt were used for the decomposition to avoid interfering with the hydride-
generation reaction between As and nascent hydrogen. The recovery of As by using the
recovery test was 100 %- 110 % for 0.2-15 ug/g As. The As determination limit calculated
from the blank tests is 0.05 ug/g.
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NaBH, + HCl + 3H,0 — H;BO; + NaCl + 8H
As" + 8H — AsH;1 + 5/2H,1
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2. ERAE

2.1. #H#l

WHBLE T VA ) A5 AAN100E, il & b Y
L7= Wt BT v H) 5 A3 (B, C, D&
i 2) #alke L

2.2, &&

HINA 7 7 4L BICPHE 5 tRE SPS552048 & O
HNA 7 7 43K F LS %EE HTG-1200% Hwv
720

2.3. #FE
DI OS2 FV 0T IS B i 2 iR L 72,
- B LaA A RS OB AT SRR
- B LA R BOE AT 7 ALK SRR
- B bt BRSO B4 I R R
- B LA RO IR LK R
- BB R ORIRAL T - ) o A
- B LA RS IO e AT KA R T3 b U o A
- B LA B R 3 AL R ) T A
- MR LA RO~ > 7 R ) T A
- BITAL A RA SERHEAHE 100 mg/L

BB OTIE ) % IR T,

- 10 g/L NaBH; : NaOH#2 g% £ # ¥ 2K
fif L721%. NaBHy 5 g%z, A3 ¥ ZHiKT500
mLIZERT 5

-6 mol/L HCI : 36 wt% HCI 250 mL% £ + > 35
KT500 mLICERT %

-1 mol/L HCI : 36 wt% HCl 41 mL#% 1 % 2K
T500 mLIZERT 5

-10 g/L KMnOy : KMnOy 05 g% £ # > 2k C50
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- 200 g/L Nal : Nal 20 g% A # ¥ %K T100 mL
WCEET S

2.4. FTRE

2.4.1. 17 AAHOBHR
BECHLTIAEHEL, 7V FHHEEHNT
MG L 720 2D 2 ISk E FIWT250 umae L
T %5 T THIRL THRIRO T 2l 21572, 2
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mL. #IEHEHES mL. 7 v1bKFERE10 mL=PTFEH
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2.4.2. Bk~ DiER

2411 TEONTH T AR IBETR %2 BT THH
L 72126 mol/L¥EME10 mLZ iz EMEi e L7,
OWT3 wit% BEEILAKFEAI0 1L (3003 g) ZINZ
720

2.4.3. Film&Ex

24212 THE LN EWIZ200 g/L F7ibF MU
2 10 mLz iz, 80~90 C oKty T304 Mz L.
MR 7T AR E 13720

2.4.4. KFEEMREELILRENEE

IRFEALWE A OB % Fig. 11213, KELWIE
HEEEE E O, S OKFE R IR S8 D E1BREIC
BOWTHEH T I A% E] mol/LEEEEZIRA L7,
D X2 BN TRIFEATHEF P 7 410 g/
LERA L THRAEMOKREZ B S, WEHT T A
Bt ovEzeEt LAsH3 24 88, vHEE%
ICPIS AR I Tl Lze AKEE IR O
Ry ThllEE, BAArERZINy 7 7S50 Ve b
BRI B A L7 OREE, [ O ASEEHE SR O SR
WX DB EAT - /oo BLHIAY 708 AATE130.6 L/
min.& L7z F 72ICP3&t 50251 O 41 % Table 1
(N7

Table 1 Instrumental conditions of ICP-AES.

TSR T — 1.OKW
ISR T a— 15.0 L/min.
#iBh7 m— 1.50 L/min.
XTTAP—Tu— 0.0 L/min.
HIER R 188.980 nm
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ERCAT T AHEL gl LT REDL ugk b X
I ROBHERE & N 2 7 MG A 7 AR % VR
L. AfkiCe REHREL &7 L7, GERfEn S
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Fig. 1 Schematic diagram of hydride introducing method.

Bt FEARMEZBRVE) 7 (RINL7zeFEE)
=USIERRER, &g LaSmBieER 2 ko 72,

2.4.6. ARABEEORLMEDIRIE

FHET UL RIDONWT, KA EZ AR, B
AR 2 iR 5 & & CTEB O R M oMGEE %
To720 EHIH T AD%HW,

2.4.7. EETRIEDREE

ZERBREN=5TIT\V, 205 gl L72BD 7
77t H L, X ORERAEOLOR (100) %
s FRREE LCTHEM L7

3. BRERRVUBE

3.1. HHEAROEFRERUFRIMEIRESE
241~24512%t > TH S N7ZF O e FR KO
BN % Table 212783, AT 70 —%2 b 2
& 100~109 %DWMENEE 2R 5D 2 & AV%5Hh
o7z WMENNEERRL, EEROZ Y% iR 5 Fik
TH Y. CodexZHARDLFWHE O RGHTLEANw 72
FTREUFERAEL A P54 VB 2B8E1255 L,
01 ug/g~1 ug/gHiPHIZBT 5 %Y 4 7R ENLEH
PHIZ80~110 %TH V. T a3 I L2505,
Lo THEBIE L7 I LD ATV &I
HAWONBIET VA YT T AR OMEO L Frdkr
IEREICERT A I ENMRETH S Z EWMErD LN
7oo FORERE LT, BHBANIO0D S 1d b Fidke
HWaEnd, 01 ug/gbhlFTHLIENghrolze —
JiTEDMDTVIHEET VA ) A5 A0 51302 ug/g
DEDOeBEPEREEINDLZ LD hole T 5
B oDRALEDFERBEZ HND,
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Table 2 Arsenic content in samples and the recovery rate.

HIAE e XRE (ug/g) FNENRER (%)
AN100 <0.1 105
H7AB 0.24 109
HIAC 15 108
7 AD 0.38 105

3.2. 57 ARHDBROMRE

3.2.1. HPRASOME

24175 ZRK OB B WT, PTFERAERD
&b 0 ICPtEZE R % F v, Z DA R E R %
WA T ADH O b FEA m K OTINEER 2 I L
72k % Table 3127R7¥, B#ERIX01 ug/gbl T, F
T2AIMENERIZ0 %TH YD WIEICERTE TWARW
CEDGI B

W T ADOERGREEAT O BHIPERFH LI
LA ARREL ) ABEIIBWTIE, PtARZ VS
L ROERMEPMEZ RS Z L2505, O
L LTCPIESHE VS Z & TH I AGREHRICPIS
P TR L KR RAEB R IC B W ORI %
ErPiELilzobEZbNb, TTTLHERE T
&L 7B PL 2 N L 2 OMRHREE DAL % fifE
RL AR A Fig. 212783, & ZOMXHREILPL 0.5
ug/mLOTIMTHIL0 %, 10 um/mLOMNITHRIAS
%O T % ZNZFIRT LD h 5 RikERIZBW
THRMENEED0 % TH-722 L &2EETH L, Pl
R\ T A5 RORBIZIE. 10 pg/mLU LoPt
MOERICIEH L7z L i s b,

Table 3 The recovery rate of Arsenic in Glass D using Pt
container instead of PTFE container in the glass
decomposition step.

BT AFE vFEE (ug/e) INEIEE (%)
HFAD <0.1 0
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Fig. 2 Effect of Platinum concentration on the Arsenic
intensity.

3.3.2. B{LHIRUBROEEDIRE

241755 ARBOBEMIIBNT, @B~ H U h
Vo Az, ZRLIHIFERICERZI TV A T X
Do e FEA = L OB %2 JllE L7z #E 5 %
Table 4127789, LERIZ026 ug/g. ARMMEINEL
65 %THY, WIEICEETE TRV &0 5,
T hbb, ROHIIEHEIE R BLA OFMALETH
%o THIUL. BLRZRML 26, LW
As (II) ASRIMHEEI L7270 EE 2515, L7z
WoTy AT AGREHNZIZMALH 2 W Lo 5w
As (V) DEBIZT L EPNETH S,

Table 4 Recovery rate of Arsenic in Glass D without KMnO4
in the glass decomposition step.

HT AFh vRE (pg/p)
A5 A D 0.26

ANEIE (%)
65

RS T AR OBEIRICB VT, EibSomE: L
TOBIRFEIRA R 72 Y BT AN T % £ Thn
L., ENLDIMIFBRICERZIT WA T ADF O K
B S O IR EE 2 5 L 7245 5 % Table 5127~
o EHFE®EIF025 ug/g IMENERIZE0 %TH D
WIEREENTE TRV 2005, UL, B
LRI Z T L7238 B\WT . AT Rk % 2
THEERDRIMHHRT LI LERTLEEZON,
WY RO LR RO P EETH 5,

Table 5 The recovery rate of Arsenic in Glass D when
HCIO4 was completely dried up in the glass
decomposition step.

5 A5 vHEE (i) IR (%)
HZ7AD 0.25 60
3.3. Bk H o DERBOW%ST

242~ VN Y DBERITB VT, WL E
AT, ENPIHIFERRICEERRZ TN T ADH O
L REAEEIE LR Table 613777, ERE
12030 ug/gTH Y. 31DFERIHK L TIIETH 5,
7T AR e KIS LA & LT 7z
Mn (VI) &, EBAL@EITHURIC & D Mo 2 KT %
M — A OMnO, (IE I IE AR PMnO; -
nH:0) 29EKT %o @MLK TSN T TMn
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(V) B%OMn (V) 3 L#scHl & LT &, Mn
(VI) J%OMn (IV) EMn*Hic@Em s h s, 723,
WAL KFEZMZ S &, MnOAZHRL 2 EM L 720
MnO2% & L 2 WiiE. e ZO—EAHMnO2UZH D
AFNB b EEMMEEZ R L RIS, &
B AREBI B TRIMIPNERII IR L TV,

Table 6 The recovery rate of Arsenic in Glass D without
H505 in MnO,, dissolution step.

A2 eFEE (ugg) EMEIER (%)
HF5AD 0.30 -

3.4. FiEErxOikEt

243 FhiEIC 2 TS, ENLAMIFIARICFEER
ZATVA T ADH O b FEA L OUINIEDER 2 8
L7-#EH % Table 7127”9, B #® 13012 pug/g.
HEERIE30 %TH Y HIERERASTETVBARW
S LD B FARICE TR VB E R MEAR
ZRT OWRHRBPIAEAET 5 As (V) AUKRFELY
I LA BT e S de o 727200 L HfESR
ENbe L7hs T KR(IEWIRESEEZ T Kz
ERTHEBICBVTII PRI 2TV, b EZAs
(I) OFREIZT U8 Z L DL BETH B,

Table 7 The recovery rate of Arsenic in Glass D without the
prereduction step.

WA tF&E (ug/g)
A7 AD 0.12

FINEIER (%)
30

3.5. EETRIENHE:R

N=5T4T o 72 Z2SRERAIE D #& F [ 8 Z DREHE A 72 %
Table 812777, ZZRERMED10 0 % E i FIRAE & 2 5%
T5E, bEROERETRMIZ005 ug/gTdhb,

Table 8 Result of blank test (N=5) and the standard

deviation.
As(ng/g)

N=1 0.014
N=2 0.007
N=3 0.009

=4 0.002
N=5 0.015
Ave. 0.009

c 0.005

4. #4E

M7 VA ) AT A, Liz0, NagO, KoOZ% ED 7 v
) SEAZIZ L A EET T SiOz, B:0s, AlOs
ROT V) YRR 2 T &3 % R Bk
HIATHY., TFTHl MR LT VA T Ak
WwMe L THWSNS, BAE. CRTSFPDANOIRAL
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IR FE - Y SRR o K AL s A ICPIS Lotk &
Bt Uy dInmIDGRER X 0 16 7 2 8 A3T e 7 pip L2
BOERT O—% M Lze 5 ADERGIHILIIICE
Wit 7 v bkEREE & b, AR A E B
CloOMERM A 720 MRS R U SR
DPEZF 720, PHILTIE %  PTFE#EZA S % v
720 Fl2 W T AGHRREICASHHELL 22\ X 9 As
(V) 2T B0ERHY, ZZTIHY YA VEAY
ARV E I EDERTH o720 HHZIEMnOAY
T 720, BRI TG S5 KEL
WA OFVAs () 123 5 72O FiRc %17 -
72o 2D X I AsEFTLDAEUI % 5 & 9 FRALH,
BICHI A TS 5 Z LD HETH Do R D
b o7oEs FIRIZAsE LT0.05 ug/gTho72s
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