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Table 1 Experimental parameters of a GFAAS measurement using a
model ZA 3000 and Z-2710 GFAAS
Model Stage Temp./K Ramp/s Hold/s Ar/mL min™

ZA 3000 Dry 1 383 40 0 200
Dry 2 573 20 0 200
Pyrolysis 1170 20 20 200
Atomizing 2553 0 7 30
Cleaning 2766 0 8 200

72710 Dry 1 383 40 0 200
Dry 2 573 20 0 200
Pyrolysis 1105 20 20 200
Atomizing 2687 0 7 30
Cleaning 2766 0 8 200
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Fig. 1 Typical t-A, profile for 80 ng of B deposited

in a PG furnace with 20 pg of a Ca modifier at various
atomization temperatures (7 ,,m) using ZA 3000

Toom: a, 2263 K; b, 2403 K; ¢, 2553 K; d, 2743 K.
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Fig. 2 Effect of T,m on A, for 80 ng of B
deposited in a PG furnace with a 20 ug of Fe modifier
using ZA 3000
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Fig. 3 Typical t-A, profile for 80 ng of B deposited
in a PG furnace with 20 ug of Cu and a Fe modifier at
Taom. = 2553 K using Z-2710

Matrix modifier: a, Cu modifier; b, Fe modifier.
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Fig. 4 Pyrolysis curve for 80 ng of B deposited in a
PG furnace using Z-2710

Matrix modifier: a, 20 ug of Ca; b, 20 pg of Cu; c, 20
ug of Fe.
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Fig. 5 Typical t-A, profile for 80 ng of boron
deposited in a PG furnace with 20 ug of Fe modifier
at various Ty, using Z-2710

Toyro: @, 957 K; b, 1263 K; ¢, 1422 K.
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Table 2 Important terms of Arrhenius-type plots (In k) in various kinetic methods
Ny N, In & term in Arrhenius type plots Method
Peak height
A 19)
K Ama K (Aumax = 4) . Chung "
max. -t
N, gla 5
- a=""1 | 2
Kinax Amax Kmax (Amax = A1) No no Imai
1-n
a= x[ ,n#l, ln{%}
Ko A Ko (A = A) ° 1-n) Ima, e *
{ —In(1- Ot)}
n=1 In{———~=
T
Area
71 Ny o 2t o
K| At = In—5=— Akman *
0 Ty T —1
N w | Ak, Acd 2 g Livoy 2
oo o t =), t t o t {TA[ vov
N w | Ak, [ Acd P Smets **
“Jo “Jo ot (J;Al)dt
- - ‘ A :
wa‘ Adil ij Acdi—k, j Acdt In , Ex-Smets *
0 0 0 (j;“ A|)ldt

N, was number of atoms at initial time of atomization; N, was number of atoms at a given
time on the GF surface; o was reaction rate of analyte atom; k was the rate constant of atom
formation; k. was a constant when the A, was obtained; K. was a constant in the entire
range of the A.; 7, was the elapsed time at the A, k4 was the rate constant for the loss of
atomic vapor; B was the atomization efficiency.
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Fig. 6 Arrhenius plots by the Sturgeon method for
80 ng of boron deposited in a PG furnace with 20 ug
of a Ca modifier at various 7om using ZA 3000

Tyom: @, 2403 K; b, 2553 K. The ¢ values of these
data ranged from 0.62 to 0.72 s.
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Ca BHi#IIZ DT ZA 3000 (2B T FILIRE 2403 K
LBEIKDT L= ATy "OHENLRDLE,=
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Fig. 7 Arrhenius plots by the Sturgeon method for
80 ng of boron deposited in a PG furnace with various
modifiers using Z-2710

Matrix modifier: a, 20 pg of Ca at Ty, = 1421 K; b,
20 ug of Cu at Ty, = 1184 K; ¢, 20 ug of Fe at T, =
974 K in 1Ist step; d, 20 ug of Fe at T}, = 1740 K in
the 2nd step. The range of the ¢ value: a, 0.52 - 0.60;
b, 0.60 - 0.70; ¢, 0.80 - 1.0; d, 0.40 - 0.60 s.

Table 3 Activation energy (E,) and appearance temperature (7T,,,) of B at various
pyrolysis temperatures (7,.,) at the atomization temperature (7%om.)

Model Modifier n prru. /K Tatum, /K Tapp /K Ea /kJ mol’l
ZA 3000 Ca 2 1170 2553 2304 +25 1133+216
2 1170 2403 2346 + 21 975+ 55
7-2710 Ca 7 1184-1579 2687 2339+ 24 933+134
Cu 5 1105-1263 2687 2402 = 64 451 +42
Fe 15 947-1263 2687 2482+ 117 799 +72
5 1579-1738 2687 2483 + 71 485+78
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<, BsOs(g) & HBOy(g) D53f# eq. 3 (AH=1361 k] mol™)
KW eq. 4 (AH=1345 k] mol") & D IKWHTH 57z B,C
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FRALSRD eq. 8, eq. 9, eq. 10 (AH =555, 493, 484 k] mol™)
EDFEFRE V. T B BRALY O 53 YR FAL R R D
AR TH D, 22710 X W78, Ca IBHIFHIGIIIN,
Tpo=1184~1579 K I B \» T E£,=933+134 kJ mol' T
otz T ZA 3000 TORHEE—F L7 Cu lEfiF
DY A, Tpwo=1106~1263 K12 B \» T E,=451£42 kJ
mol™ TH o7z, Ca DA TIE BOs(g) DZ T 774 IS
L BIC eq. 6 (AH=821 k] mol™) % BO(g) D5 f# eq. 5
(AH=789 k] mol™") % SMALM DESH# eq. 3 (AH=1361
K mol™) & eq. 4 (AH=1345 k] mol™) OHITH Y, Cu
DY A TIEBC DMRALITE D eq. 8, eq. 9, eq. 10 D AH
(555, 493, 484 k] mol™) 23 TALB BRI 351) 2 HEHEX
BThbLEOND.

Table 4 Atomization processes of boron and AH, for
1 mol of the B atom

Model reactions k]A g(r)/l’l
Dec. of Oxides
B,Os(g) — 2 B(g) + 3 O(g) 1361 eq. 3
HBO,(g) — B(g) + H(g) + Oq(g) 1345 eq. 4
BO(g) = B(g) + O(g) 789 eq.5
Carbotherm. reaction
B,O;(g) +3 C(s) = 2 B(g) + 3 CO(g) 821 eq. 6
BO(g) + C(s) — B(g) + CO(g) 480 eq. 7
Oxid. of B,C
2 B4C(s) + Oy(g) = 8 B(g) + 2 CO(g) 555 eq. 8
B,C(s) + O(g) — 4 B(g) + CO(g) 493 eq. 9
B,C(s) + Os(g) = 4 B(g) + COs(g) 484 eq. 10
Sub. of B(s)
B(s) — B(g) 565  eq. 11
First pyrolysis stage

B'Oxide(sz n— e B'Oxide(l)

< 1260 K
Fe modifier:
oxygen donner

Fe BHiH O 8, KIALD 1st AT v 7D T,,,=947 K &
2nd A7 Y TD T,,,=1740 KD 7 — 5 12D\ T Sturgeon
Bk a7Lv=vx7uay M ERifol. ThEholkibsk
BV TR TALR AR 0.8~ 1.0 B & 0.4~0.6 BT
ERRBIAR 2 /R 3 IS e R E I 57z Table 312 %
L7z Fe BHIFIRMEED 1st AT v 7 T,,,,= 947 ~ 1263 K
IZBWTE=799%72 k] mol”, 2nd A7 v 7 T,,,= 1579
~1738 KIZBWT E,=485£78 kf mol' TH o7z, st A
7 v TIEBLM O IC eq. 5 (AH =789 k] mol™) K Weq. 6
(AH=821 k] mol™) IZEWHTH Y, 2nd AT v 71 B,C
DAL fE D eq. 8, eq. 9, eq. 10 (AH =555, 493, 484 k]
mol™) 12— L Cu BMFHIEMELF L ThH o7z Thp=
947 ~ 1263 KOFHIRTIE B I 74 F 44 N hyHL s e
THBDITH LT, Tpyo=1422~1738 K DFHIR T B,C
DOEALIHRD B CTH B L EZ N5, Fe ISHHIRMN
BED JE LB 1L Fig. 8 DL BN TH 5.

4 #E B

ML E TV % GFAAS #1812 BT 5 F3E 0] 6 20 A
2800 C 2D, Ao EH BB 5 GFiRED
F == 2 — OB TR TALBGRIREE 25 i 2T
DBIZBWTH LW TIED 5 2SR AIIRETD -4,
Ta7 7 ANDPBITE KSEORED DI LV
A 2o, BT EaicBwToABRTE S
Sturgeon {E 72T AVHEERm AT 208 L T 72,

Eh il GF CRERIF T ORI & 72 % Ca B A TI13E 1L
ke LT BEMEW S, BIEFETF OG22 Cu s
i F] T BC(s) IR FALHRHETH 5 2 &390 h o 72,
GFAAS %18 7-2710 % H\» 72 BEHIC B\ C Fe B A 7RI
VA BRI ASARBR G\ 1) | L 72 Fe IBHH) T, T, <
1200 K TIZEFAL AL B BBLW TH Y T,,, > 1400 K
T B,CTHY, BEHUCBIT 250 LEM 2 ) v bASkE
WIH T, =1184 K (REIREE 800 T) I2BWT, BOJE
TALR AR CTH B LR E NS, GFNIZBWT
Fe 3B LA I VWCO T2 Cic ko TEIILE R,

éB'OXide(g) _— B(g)

Second pyrolysis stage

—> B-oxide,

< 1738K
Fe modifier:
oxygen donner

> B,Cy > B(g)

B-suboxide(g)

Fig. 8 Schema of boron atomization with a Fe modifier
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Fe",0;(s) = Fe"O(s) = Fey(s) L ALZIRENZEILT 5. BD
JKALHIAREAS 2 A7 v FTH B Z & 1%, Fe DILFIREDZEAL
DB LLEZONS.

E i B

AWgelx, HWNAT 7 /03I —A7 7Y r—3ars
RFDAUN—DF A R— v 2THET L2, Z2ICHE
ERLET.
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Atomization Mechanism of Boron in Graphite Furnace Atomic Absorption
Spectrometry Using an Iron Matrix Modifier
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An investigation of the atomization mechanism of boron using a commercially averable
graphite furnace atomization absorbance spectrometer (GFAAS) was difficult due to the upper
limit of atomization temperature. By customizing the GFAAS equipment, the atomic
absorbance of boron was observed in a graphite furnace under a constant heating rate, and
could be applied to a kinetic approach using the Sturgeon method. In the case of a Fe
matrix modifier, which can improve the limit of detection of boron using GFAAS, the pyrolysis
curve showed a curve with two plateaus, suggesting the presence of stable products during the
pyrolysis step. At the first step (< 1260 K), the activation energy (F,) of the boron species was
799 =72 k] mol™, whereas at the second step (1400-1740 K) E, was 485+78 k] mol™. The
former E, value was similar with that of Ca modifier, the latter E, value was identical to that of
Cu mofidier. The boron atomization processes was estimated using model reactions and their
reaction enthalpy. At the first step, the decomposition of boron oxides was the rate-
determining step, whereas at the second step the oxidative decomposition of boron carbides
was the rate-determining step.

Keywords: Boron; atomization mechanism; kinetics; matrix modifier; iron.



