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Determination of Various Metallic Elements in Electronic Grade Boron-aluminum Spin-on Dopant by Microwave Diges-
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Abstract: A microwave digestion-inductively coupled plasma emission spectrometry (ICP-OES) method has been developed for
the determination of various metallic elements in electronic-grade boron-aluminum spin-on dopant.The sample weight was 2.0 g
(accurate to +0. 001 g) ,6 mL nitric acid was added into the sample,the heating rate was 10 °C/min,the digestion temperature
was 180 °C ,and the digestion time was 30 min,determined by ICP-OES standard addition method.The sodium element in the bo-
ron-aluminum spin-on dopant was in the range of 0~ 10 mg/L,and the other 11 metal elements were in the range of 0~5 mg/L
had a good linear relationship with the spectral intensity,,and the correlation coefficients were all greater than 0. 999 0.Using this
method , the precision of the samples was 1. 73% ~7.71% (n="7) ,the recovery rate of standard addition was 93. 0% ~ 106% , and
the analytical results had high accuracy and good stability.It is suitable for the determination of various metal elements in electron-
ic-grade boron-aluminum spin-on dopant.
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Pz B R, B AR R E A HURE ah A
A DR ICERE A R RTALBE Sl T A o = 2
(SR TN s 3 N N SE OV NN I &= R
fifk 3 BE R LA KT fifp 6 4= S5 4 L, K HE S ICP-OES
B S R b i 4 R T R A4 B A
SRMERA P e, B E VEAE MR T RS B ko0
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1 SEIGEBSY
1.1 FEERSEH

Multiwave 5000 74 {5 T A {0 (B 1l 1) 42 7R
(D) A R R s BHW-09A20 20 J5 114 il {3
( i iEE LB BR A A 5 Avio 200 7 Hi JEk
PG5 B AR R SIS A (R E 4 R A
) 5XS205 AU KAV (i MR AR R 2 0
F]) 3 Milli-Q 7000 %U#E 4 /K 2 5t ( 15 1= 2R 7 2%
A FD) s HWL-12XC YA X B (1L ZR 42
WA R ) 530 mL A S 33 10 mL 25 5
100 mL A H (LB A IRA ) .

BIAR IR BAL-08 FiS 2 | G2 ( BV- 1T 2% = 21K
), b 5 Ak 23 0 W 5 A R SEAE A A 5 4R
(Na) 8 (K) . %€ (Mg) .5 (Mn) %k (Fe) | %2
(Ni) 4 (Cu) BF (Zn) 85 (Pb) .4 (Au) K
(Hg) M (As) HICEAMEE R (HRAE A48 X
L TR RE 2 BT 3 ety ) 5 4l (HL B S 18. 2
MQ - cm, B AEKHLH]) o
1.2 FESLHTAREE

HERRFREL 2. 0 g(KE A 2= +£0. 001 g) B4R IR A
B TR M T A 6 mL AR, H%
TH AR SE 2 BN v FE I T A A b A T T
. FHIRHE .10 °C/min, HARIEE 180 C ,{RFF
30 min, FFWHMSERJG, B E 70 C, BUH 3T
HEA, HEAHRAE 75 22 A0 38 Wb 52 i, HERUE T

TSR ES 1 TH A S A IR I A 3R AT
EERRIRAE I MR RE A WOE T RS & 10 mL
FEH R
1.3 #mEHI
L.3.1  RBUAE 2% s IR v v 1Y) T 1

B2 AR MR Al R BT 98 IR BB 4K v | 1
57,5
1.3.2  ARifE AR AL

PHENARAEZS I (1 000 wg/mL) Fi e 10 15, L
il 100 we/mL FYIER a, HAx 11 FOC R fEs
TRBC I B4 TC R WA 10 we/mL BITR G IE T
b, LATAR TR BAL-08 Sk AR it IC ) s o A 15
250 B4 U331 )5 B9 BAL-08 R &, 4331 1) Horp
IMAVE R a AW b, B dil e T R W BN 0,
0.5.1.0,2.0 pg/mL, HA4 11 FoTRWE R 0,
0.1.0.5.1.0 peg/mL BIRRUE TAER, FH 2%t iR v
WERZE 10 mL,
1.4 A TAESME

Avio 200 B HL R G 55 B R & SHOGIEAL T
VEZAE N IR (RF) 1 300 W; 2546 it
70.55 L/min; &8 7 M EN 12 L/min; 5# B
SLWEN 0.2 L/min; Fa @ SERT .15 s I = YR
3 UK MR T X Al ORI

2 #R5ite
2.1 FREEERAHHE

TR IR R & o T A ALRE &, & KA L
A, A THERELNE, s iR Fai
I, FREE RN RE R D, FREERE KK, 25 5 38 WL T fid
TEPY R 73k s TR B 25 0 il ke TR, A PR E BE
BEVH R o0 4, ORI 43 oo 3R DU I T T,
KR EIE RN 2.0 g,
2.2 JHMRRE R R

T WU S ) I Ak LR FH %) 90 i R B 4
MR EhFR BRAR SRR MO A A I R 2
—Fha SR, BB A AR A R A P T, (2
BUA AT PE B A R £ 2 A A DL B SRR
FE TR OB BT R AW TR
TV Z W RNA RO, ATBEIR JLF A A AL
B, AT IR KRR AL , (A% Wi 45
S BRI Ay e o5 3 17 22 WD T A A3 P R 1 B o
T 28U DLV — Rl B R ; SRS T
TH A2 AR i B 2 K R A R v IS S A A T
FEA SR ZU A Tl D, L A AR R A AR K
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THARRR T TR A, 3 I UL T o FE RS
AILAWI FI W S I i o 4. TETHMRET A B
B Y SRR RS B N b L R
fATEL, TEWHMAER C F, RS IS % 7F
HEREY DE N, B AT 33 B 03 IR, 9125 B
HisE4, 16 1.4 IALE TAESAF T X €D E
PP T AL PR RE S EA TR 0 4 Jm AN Bk R A
AN 380 Ao R X A o A 25 SHe B S e (TR AR T
T AR DL | IESE R 2 2,

R1 UMY

Tab.1 Microwave digestion program

e [EL T~ TP
Tl =R/
BE B e sy BER LR
(*C-min") C min
A 10 120 20 ERRRJG VIR T NI
10 150 20 HERJGVETBE M, TH AR AR
c 0 150 20 /ﬁ?’iﬁfﬁ@ﬂﬂ%ﬂﬁé&,?ﬁ%K
W
D 10 180 30 ERRRJG VS TR TS T S
10 180 40 ERR G TR E W

R2 AFENHMRRT T Bk

Tab.2 Contents of sodium,iron and copper determined

under different digestion program (mg/L)

e RSD/
0 SR S LA
0

Na 4.845 4.320 4.355 4.635 4.180 4.565 4.285 5.26
C  Fe 1.1350.995 0.940 1.115 1.225 1.270 0.945 11.6
Cu 0.325 0.375 0.315 0.390 0.330 0.385 0.405 10.1

Na 6.555 6.910 6.835 6.615 6.780 6.750 6.435 2.52
D Fe 1.650 1.515 1.605 1.700 1.590 1.535 1.725 4.90
Cu 0.650 0.645 0.630 0.680 0.690 0.695 0.685 3.84

Na 6.765 6.510 6.680 6.925 6.630 6.855 6.640 2.13
E Fe 1.525 1.645 1.620 1.690 1.705 1.560 1.715 4.48
Cu 0.650 0.675 0.640 0.645 0.685 0.695 0.665 3.16

FEE 1 3% 2 WA W MRl e, SRR
T TG B (R 190, WE PR TR AN 78 4, 19 2 I 45
RBUE AL, FEE2E , TEIHRFET D FIE 4%
AT DA 8BS P-4 1 0 A e, R X o Al 2 -
T EES, NEFANMAEL K, & EEN
AR D BITHE#EZ 10 °C/min, JH % 180 °C , {4
F5 30 min VE R B0ER TERE S 00 S0 T A 2 A

2.4 THLRHERR
2.4.1 GG IHER

FE ICP-OES Al v, S 1% T4 2 H 5 ™
FERTH, Sk T EE N, R EL
HE T, Bl TR AR HE R A
B RS E T R I 2 T B AR T BT
Yoo I, ST BE L B FEA T,
PR TCR R AR 72 1 R = T
TWENE NI 2 (36 3) 3049 T 8 uf 1 RAEE
BT R TI, XETIE A 1P
JEURAS B It A& S5 00 58 B 1) 2% OGBS e A G
Ha TR @SS A S SRIEREART
DEii]

3 ICP-OES @ ek ik £
Tab.3 Selection of ICP-OES analysis line

JCE Na K Mg Mn Fe Ni
Pk/nm  589.592 766.490 285.213 257.610 238.204 231.604
JoER Cu Zn Au Pb Hg As

Wel/nm  327.303 206.200 267.595 220.353 253.652 193.696

2.4.2  FEAETHLOHERR

E TR L e RN = e - S N 7S =S S N
FRE o AT R FHARE I AE R T BR B AR T4
TERE— AR AR Ry B A T 1 A v i 4, oAt
FE AT DU E AR AR i o B, AN R MR
AT IAR , SRR RE R UE T S50 45 5 i MER B, S0
BT AR, AR oI A AR R S B 2
A ATERAENE,
2.5 JrEmGAE IR AR R

F B R [FIRE R 73 R v as (T S A 11
TR R R S5 R LR 4, N 4 Al

R4 2FBIBICEILNENTE A RO R

Tab.4 Linear range, correlation coefficient and detection

limit of 12 metal elements

JLER ey i FXRE KRR/ (mg-L7h)
Na y=7 107 143x+8 340 768  0.999 3 0.012
K y=2 025 683x+482 467 0.999 1 0. 007
Mg y=2 212 114x+601 808 0.999 9 0. 001
Mn y=8223 643x+1 025 143 0.999 9 0. 003
Fe  y=1 118 597x+366 155 0.999 9 0. 005
Ni  y=401 336x+81 947 0.999 9 0.010
Cu  y=858 905x+121 837 0.999 9 0. 004
Zn  y=302 281x+87 571 0.999 9 0. 006
Au  y=259 006x+2 713 0.999 9 0. 007
Pb  y=63 076x+950 0.999 9 0. 006
Hg y=56 849x+739 0.999 8 0. 008
As  y=9 098x+110 0.999 6 0.010
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Tab.5 Recovery test results

% AR/ JA R/ W7 L/ [T g %/
- (mg-L™")  (mg-L7")  (mg-L7") %
0.50 1.728 97.0
Na 1.243 1.00 2.228 98.5
2.00 3.261 101.0
0.10 0. 446 104.0
K 0.342 0.30 0. 638 98.7
0.50 0. 836 98.8
0.10 0. 381 94.0
Mg 0.287 0. 30 0. 599 104.0
0.50 0.784 99. 4
0.10 0.230 105.0
Mn 0. 125 0.30 0.418 97.7
0.50 0. 622 99. 4
0.10 0.433 96.0
Fe 0.337 0.30 0. 640 101.0
0.50 0. 835 9.6
0.10 0. 324 105.0
Ni 0.219 0.30 0.521 101.0
0.50 0.713 98.8
0.10 0.239 93.0
Cu 0. 146 0.30 0. 448 101.0
0. 50 0. 637 98.2
0.10 0. 408 106. 0
Zn 0.302 0. 30 0. 609 102.0
0.50 0.798 99.2
0.02 0. 021 105.0
Au <0.010 0.03 0.031 103.0
0.05 0. 049 98.0
0.02 0. 034 95.0
Pb 0.015 0.03 0. 044 96.7
0. 05 0. 067 104.0
0.02 0.020 100. 0
Hg <0.010 0.03 0. 029 96.7
0. 05 0. 051 102.0
0.02 0.033 105.0
As 0.012 0.03 0. 040 93.3
0. 05 0. 062 100. 0

t 2 5 A, % 00 & 1Y DGR 7E 93.0% ~
106% = 8], fifi 5K 4 B 7 #5 & 70 K 1 B 32 A

93. 3% ~105% Z ], iZ )5 ATk 1 oK 2 Foc R
(NG #5458 % (0] L, i — 20 R W%y s i v
RN
2.7 WEEERE

PEHUAE 5o 20220616 B4R BAI-08 E i,
Fi B8 3R T A T Gy AEAR R AR S50 B 41
SIPEATINE , 15500 B0 DR i v 4 S 4 T e &5
SRR AR I 22, 45 2R WL 6.

6 KRR R

Tab.6 Precision test results

JLH B 7 UOMFEE/ (mg-L") RSD/%

Na 6.525 6.480 6.725 6.770 6.590 6.805 6.835 2.28

K 1.725 1.705 1.670 1.685 1.650 1.645 1.695 1.73
Mg 1510 1.485 1.625 1.445 1.565 1.535 1.495 3.87
Mn 0.650 0.625 0.605 0.585 0.625 0.580 0.570 4.80
Fe 1.590 1.575 1.685 1.610 1.645 1.515 1.560 3.51
Ni 1075 1.055 1.050 1.095 1.105 1.070 1.065 1.88
Cu 059 0.600 0.605 0.650 0.580 0.625 0.645 4.29
Zn  1.940 1.785 1.875 1.820 1.910 1.985 1.755 4.52
Au  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 —

Pb 0075 0.070 0.065 0.075 0.070 0.070 0.060 7.71
Hg <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 —

As  0.055 0.065 0.055 0.060 0.060 0.055 0.055 6.80

H& 6 AT, BR T Au Hg XPFIC R & 21K
F0.01 mg/L &b, Hax 48 o0 R 45 5 i AH X
FREMR 2% (RSD) 1E 1. 73% ~ 7. 71% Z [] , %% B 4
J7 i BAT BT NG R
2.8 XFEbikE

SR FH T T 7% 18 -7 IR o Uik K Ab 125 4R 47 8 i
REFEBIFRI 2. 0 g( £0. 001 g) BESE T 30 mL A4 3%
Wb oA 5 TEHRIR , 750 25 15 ke i
AR IR BR AL 3 h, 17 70 00 B Ak 5 i B &2 i i A
H1,550 CHRLEIRAL 3 h, JRALEE SR il 47 S A
A 0.5 mL PR, 0. 5 mL #84l /K ¥ fi 3
A REL GRS 2 10 mL AR, FHE
ai/K Z DR PE RIS, DR — I AR R
o E AR
2.8.1 fEREALE

VEHUIE 5 A 20220516 45 75 BAL-08 #F &,
R I b 78 18- o TR A R IR A VR R A T A T A 2
WFRAEI A0 AR B EE , BT Sk — & AR R
PIRRETR I, SR — AL B, 2 5 % 10 mL, ICP
e S5 R 7,
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Tab.7 Recovery test results

F LN A=/ W5 B/ [ e R/
© 0 (mgeL™h) (mg-L™") (mg-L™") %
0.50 1. 692 92.0
Na 1.232 1. 00 2.202 97.0
2.00 3.102 93.5
0.10 0. 389 88.0
K 0. 301 0. 30 0.578 92.3
0.50 0.755 90. 8
0.10 0.333 92.0
Mg 0.241 0. 30 0. 529 96.0
0.50 0.733 98.4
0.10 0.201 91.0
Mn 0.110 0.30 0.395 95.0
0.50 0.582 94. 4
0.10 0. 408 97.0
Fe 0.311 0. 30 0.592 93.7
0.50 0. 802 98.2
0.10 0.289 86.0
Ni 0.203 0.30 0. 490 95.7
0.50 0. 662 91.8
0.10 0. 205 88.0
Cu 0.117 0. 30 0. 400 94.3
0.50 0. 583 93.2
0.10 0.374 91.0
7n 0. 283 0. 30 0.572 96. 3
0.50 0.762 95.8
0.02 0.015 75.0
Au <0.01 0.03 0.022 73.3
0.05 0.039 78.0
0.02 <0.01 —
Pb <0.01 0.03 0.012 40.0
0. 05 0. 021 42.0
0.02 <0.01 —
Hg <0.01 0.03 <0.01 —
0.05 <0.01 —
0.02 <0.01 —
As <0.01 0.03 <0.01 —
0.05 <0.01 —

HER 7 WAL, R AT TR T MRV 1 R R
SR T 50. 0% ; Hofth 45 @ 32 B R 5 DT
VE AL 25 N HE BE 52 3 8 mICR A TR B
HTERR IR 25 1F T, INFAER K 4 2 )™, SR AE KAk ik
R TR R IR AR RS DU 6 SR A TR
PR 55008 T A A B, SR P STV 9 28 A - TR s VL MK
AR XS RE S AT R AL B, R 45 R Y v B REAIR
FEAXT 4T R i 3 Fhos R AR AL T AR R Ok
2.8.2 MEEmERE

PEHUIL 5 20220616 Fli45 5 BAI-08 £ &,

SR U 28 - s TR R R AR AL AR B 7 5, 7EAH ]

AASCER 25 PF TR 0 Sl R AT I 5 , 58 00 0 DA ot v

5 A 23 SOOI 72 45 R AR R RR o i 22, 4R I3 8
&8 KE KL

Tab.8 Precision test results

JLH BEdh 7 EME/ (mg-L7") RSD/%

Na 6.105 5.825 6.110 6.260 5.615 6.335 6.215 4.24

K 1.525 1.505 1.510 1.415 1.550 1.435 1.530 3.40
Mg 1210 1.135 1.225 1.180 1.125 1.115 1.110 4.09
Mn 0.525 0.445 0.455 0.515 0.480 0.460 0.470 6.38
Fe 1.535 1.580 1.665 1.685 1.690 1.505 1.540 4.89
Ni  1.035 0.980 1.025 0.955 1.105 1.010 1.045 4.72
Cu 0.575 0.630 0.615 0.550 0.580 0.605 0.565 4.90
Zn 1445 1.335 1.480 1.365 1.410 1.320 1.305 4.8
Au  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 —

Pb  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 —

Hg <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 —

As  <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

M35 8 nA, ST AR L, AL SR LBk 2%
T-BRIR g il AL 1 AL PR B 2D 6 h i T
T ISHMERR Y ot B 2R 45 JU I 1 il — 280 Y
YERG LA, BT A oK 3 BT R, JIAME
Bk, <5 TC 3R A RH R BroME Bl 2 to A T B R N
JEREAR . X T T RN BRI, e g ik e
o R BT R ANE . W R AT
AR 9 fifp DRI 28 ) L, B0 T R T R 42
AU S A

3 #ig

AR SCHEST T 0 I f#-ICP-OES 25 5 i, 1
KM B AR 2R & BT K I ik, %
VAR AN T 30 min, AL T HL e
B RE R R PR S T 2 Fh 4 8 T R 1 R
WAE 27 R SEAN T 1 PR IR 48 2% T b &2
BT R A, BA BRI & 580 fit

SE .
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