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Table 1 The heating program for graphite furnace of Au.

BWEE THRERE W RER PR SRR
(C)  (Cy) (s) (L/min)

1 T 90 6 10 2

2 TR 100 3 20 2

3 TR 150 5 10 2

4 KA 300 100 20 2

5 KA 500 250 10 2

6 % 950 0 0

7 JEFE 2000 1500 5 0

8 W 2450 500 5 ’
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Fig. 1 Influence of experimental conditions on the gold extraction efficiency: CHCIL;-TBP with different volume ratios (a),

hydrochloric acid volumes (b), drop volumes (c), and stirring speeds (d) .
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Fig.2 Average absorption spectrum (a) and three-dimensional absorption spectrum(b) of gold.
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Table 2 Effective pixel optimization of CCD detector.

N A : . WL i
HRURES ROEMZAER N ’

(ng/g) (ng/mL)
1 0.1134 0.153 0.03899
3 0.1653 0.121 0.02793
5 0.1758 0.109 0.02375
7 0.1801 0.093 0.02287
9 0.1865 0.097 0.02203

3 TIIRRTETEA bR B g

Table 3 The precision and recovery tests of the method.
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R =T R A UM RE B LAY Rt — 2D 5T

B4 6 WA UK E (H FHE RSD Jibrdt M5 [al i %
(ng/g) (ng/g) (%) (ng/g) (ng/g) (%)

GC-1 3.10 3.16 3.02 3.13 3.18 331 3.15 1.5 2.00 5.03 94.9

GC-2 5.89 5.80 5.90 5.93 5.83 5.92 5.88 43 5.00 11.06 102.6

GC-3 9.34 9.57 921 9.51 9.45 937 9.41 4.9 10.00 19.88 103.7

GC-4 12.07 11.91 12.33 12.23 11.88 12.32 12.12 45 10.00 22.02 97.9
GC-5 15.03 1521 14.85 14.79 14.89 15.10 14.98 4.9 15.00 30.58 105.3
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Table 4 Comparison of performance of different seperation, enrichment and measurement methods.

BT Al RSD ST S50
(min) (ng/g) (%)

IR 2 0.11 1.5~ 4.9 (n=6) A B FEF RIS (GFAAS) A
RLERI 60 0.08 <23.2 (n=9) KIAIRF St (FAFS) (1]
HEEZ LS TEReR 20 6.6 0.81 ~2.11 (n=10) HUEHE S 5 TR RSP IEE: (ICP-OES) (2]
HEEZ LS TEReR 60 0.15 / H B B 45 B TR BT TS VS (ICP-MS) [19]
AL 180 2.0 / IR F W SOETED: (AAS) [26]
kit 4k 60 / 1.5~2.1 (n=7) ST IOEE S (AAS) (9]
AR Ak 60 5.3 2.3 ~3.7 (n=6) KIGIRF G (AAS) [10]
A AT 70 / 3.6~ 6.1 (n=5) A B RF RIS (GFAAS) [11]
BT R >60 / <3.5 (n=5) IR F WSS (AAS) [27]
YOI 180 20.6 / R A 45 B IR & 5% (ICP-OES) [18]

Ultratrace Gold in High-Purity Graphite by High-Resolution Continuous
Light Source Graphite Furnace Atomic Absorption Spectrometry with
Hanging Droplet Microextraction

XIAO Fang'*”, ZHANG Tianyuan'*>, ZHANG Liping'??, LIU Lu'**, MAO Xiangju'*>,
NI Wenshan"***
(1. Zhengzhou Institute of Multipurpose Utilization of Mineral Resources, Chinese Academy of Geological
Sciences, Zhengzhou 450006, China;
2. China National Engineering Research Center for Utilization of Industrial Minerals, Zhengzhou 450006, China;

3. Key Laboratory for Polymetallic Ores’ Evaluation and Utilization, Ministry of Natural Resources, Zhengzhou
450006, China)

HIGHLIGHTS

(1) The traditional method of transferring ash content to the PTFE crucible and then acidifying it is avoided, thus
preventing the loss of ash content during this process. It also eliminates the contamination of ash content by
brushes and acidifying vessels.

(2) In acidic medium, efficient enrichment of gold was achieved by using 2.5uL of tributyl phosphate droplets, with
an enrichment factor of 283 times. The method was simple, easy to operate, and environmentally friendly.

(3) Adding diluent chloroform with 20% volume fraction to the extractant could reduce the activity of tributyl

phosphate towards other metals and enhance its selectivity for gold.
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ABSTRACT: The major challenge in accurately determining ultratrace gold in high-purity graphite is how to
achieve effective separation and high enrichment of it (0.1-1ng/mL) in the sample solution, while minimizing the
secondary pollution introduced by vessels, reagents, materials, environment, and equipment during the sample
pretreatment process. A new method for the analysis of ultratrace gold in high-purity graphite is established by
ashing and acid dissolution in a platinum dish, followed by microextraction with a hanging droplet of tributyl
phosphate. Firstly, the fixed carbon in the sample was removed by high-temperature burning in a platinum vessel;
then, the ash was completely dissolved into a sample solution using hydrofluoric acid-aqua regia-perchloric acid;
next, micro-upgraded tributyl phosphate droplets were used as an extractant to separate and enrich gold from the
sample solution; finally, gold in the droplets was determined using high-resolution continuum source graphite
furnace atomic absorption spectrometry. The experimental results showed that by using 2.5uL of tributyl phosphate
(chloroform volume fraction 20%) as the extractant, gold can be extracted from a sample solution in 10%
hydrochloric acid medium for 2min, and the enrichment factor for gold can reach up to 283 times. Under the
selected experimental conditions, the mass concentration of gold showed a good linear relationship with its
absorbance values in the range of 0.1 to 2.0ng/mL. The correlation coefficient () was 0.999, and the detection limit
of the method was 0.11ng/g. Interference tests showed that the presence of certain coexisting elements such as
sodium, magnesium, and aluminum in the sample solution had no effect on the determination of gold. According to
the experimental method, the gold content in five high-purity graphite samples was measured. The relative standard
deviation (RSD, n=06) of the results was 1.5%—4.9%, and the recovery rate was 94.9%—105.3%.

KEY WORDS: high purity graphite; hanging droplet microextraction; tributyl phosphate; graphite furnace atomic

absorption spectrometry; ultratrace; gold
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