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Analysis of gold products (the third report)

Miku HASEGAWA”, Yoshitsugu MATSUMOTO™ and Takeshi AKIEDA*
“Tokyo Customs Laboratory 2-7-11, Aomi, Koto-ku, Tokyo 135-8615 Japan
** Tokyo Customs Narita Air Cargo Sub-Branch Laboratory 2159, Aza Tennamino, Komaino, Narita, Chiba 282-8603 Japan

Regarding gold smuggling, Tokyo Customs Laboratory conducts two main operations: discovering gold in suspicious articles found at
the cargo inspection site, and determining the exact weight of gold for appraisal. However, as the methods of concealing gold products to be
smuggled have recently become more sophisticated, it has become difficult to detect gold by the conventional analysis method.In this study,
we examined whether the ultrasonic thickness gauge is effective for identifying the kinds of metals on the basis of the speed of sound
measured, and for estimating the internal empty structure on the basis of accurate measurements of metals and metal composites. As a result,
it was found that the gauge is very useful for discriminating between gold products and other imitations.In addition, we conducted
experiments on optimum conditions for removing base metal coatings on gold products by using various acid solutions, additives and solution

temperatures. As a result, we found that adding hydrogen peroxide or heating the solution accelerates the removal of base metal coatings and

that gold is soluble in the solution including hydrochloric acid.

1. #&

il

TR, BOFEHNFLEN L3 L SEAOBMAEEB OB TR L T
BY, EOICEENCEBOTHEEKAMEI RSB REL T 5.
ZOEIZEBICE DD LIMENHEMICKRE LS ENN ER -T2 &
2D, BIEICRWTIE, SOBHEIIkE LKEE COMEPT A RN 2
OFHGIHEET D721 TTR b o Fa8ln) BREXHR Z2REL, 2
NHORERER LT, 5 LB SBRATINCEY LA TN D
LZATHD.

ZOXIRRAOT, BENZRT 2 0M¥EE L L ToTR&ENT,
UTFD25ThH5.

O  BUGTROD T2 @RS S 2 G TN BT LD

R B L

@ BOFHPEBEREESTDHZ &

FE SN DO, AREOT-DEE ML Ui LTREICD
= EDE SRR, SUSOEBINERICEZIEIE L, thods
LR SN H Y, 2L O LR TNS, Z0
X0 B O T « BE S, MABIIT D XSndEE &
WG A Y V== T BN TUIHRE L T& 7202

LU S, TERTD & 5 e iriE Cla@ & e )l R #73
WD N TEIIA SN D & & BIC, Do XIS &m0
RS L, 230, EL o SN bONEL o7 0D

* o HURRLBES
R P ZE P HBRAT

T1358615 HULARLHIX FHifE 2-7-11
T282-8603  TFHEUR S H Tl

WMLUWERSED RO b, Do EREZATIBRICENET TLE D
HORERDE L L TET.

AWFETIE, T OOMBEREARR T D720, St eniEE
STV DD TS 2 T OB E SR S G OA 20k 2 Mt
T 5L EBIT, SR SN2 o & ZRET D7D OIS %
et L7z TEORERERET 5.

2. # B

21 # #
BETEEER)  SERR284E4 H 70 B ERB04E3 & TS H AR AT R <
BB LT A,
D 24KETE, 35t (8957 %, $13.5 %, #10.7 %) & (»
FAIh & =R
IEAEL T, « HERAFEN, AT LA, Z o7 AT URR, vk
e s fl, MR, AR M ONERRLAKER (WL B AR RIE
b5

&5

2.2 HIEEE

221 BEREZEIE
LEE  :38DLPLUS (A /32 til)
PRfir- - M110 () o732 418

FIRAFE 2159



120

SR OEFEIZOWT (B 3#)

2.2.2 WX
& : SEAI200VX (ZATATAF/)T7 ) ad—)
E

Tk NIV T 7 R B NINT A=

2.
-
£

il

2.3 RERAE
2.3.1 BERBEESHICESHN

C oM, TEHRIMET 2B O E K OSIERENC L 0 %
%3] J:u\oﬁl%éf%(%ﬂﬂﬂ LTk, MEPOEELNET L LIk
0, TOEEOEENOHEOHRIZARRE L, £z, BEEOERE
Wil 5, MPEOEMRIES ORELREL § 5. Table HIAALEITAE
AN TELABEROFEROFIE He) V&R

AFEBRIfHE U730k & Table 2179, SRUELOEefika b 500U
DEIEXFRIHIZ L0 5307 Lz 1T, B S 72RO E# (Table 1)

(GO, BALRCI VAL L-E 2RESEE LTRE

L, REIOE S ZHIE Lz AEOER W THHMI10 (EiEk
5 MHzO—#RE)FRIPRfN 1) AR OTIE GRS C&E 2720 TEEICH
T, BENIGERE ST OUT, mide=a—) 280075, 7
B, BEOREZEGNITHTDOEMEEE L LT, 7kl %
fER L7,

SSHTIEE LCRig WORT & 918, R 2 \EIch <, #
HEa—bEHINZREORESD)E / FATIH L7 El0E
é(D)%H:if&b ZNHOMEHPET BT —OEE LD, N

ERZ 2 BT b O EHIET LT (Fig1 (a))

—7, BHTa—»LHESNZRBOESD), / FATEHY
L7 BIOESD) &Y BB 0NN SWEEATE, BTz zeiR<e
BPFET D EHEE S, S DICRHERNA S OMIEIZL Y, ZD
ZHRPE DR E S HHENAFTRETH D (Fig.1 (b)).

Table 1 Density and speed of sound of standard materials

. Density Speed of sound
Material (efcri) (mm/ms)
Al 2.698 6,260
Fe 7.874 5,850
Ni 8.902 5,630
W 19.320 5,460
Cu 8.962 4,700
Zn 7.133 4,170
Sn 7.280 3,320
Ag 10.502 3,600
Au 19.322 3,240
Pb 11.352 2,170

Transducer

D ‘“ ] [ I, D’ Sample a

(a) Metal without any barriers,
D=D’

| ____ Transducer

1 [ +D
G = |Sampleb
S -
]\_ 7 T Empty space or another material

(b) Metal with empty space or another material,
D==D"

Fig. 1 Analytical procedures by using ultrasonic thickness gauge.
D: Thickness measured by caliper
D’: Thickness measured by ultrasonic thickness gauge
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Fig. 2 Ultrasonic waveform and echo detected of gold ingots by using ultrasonic thickness gauge.

(a) A gold ingot with a density of about 19.32 g/cm?
(b)-(f) Gold ingots with a density of less than 19.00 g/cm?
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Table 2 List of samples and their main elements, speed of sound, density and average thickness determined

. Speed of sound . . .

Sample Main elements . Density determined | Average thickness

number detected by XRF detfnn;:;led (g/em?) determined (mm) Note
1 Au 3,291 19.23 9.0 Fig.2 (a)
2 Au 3,291 18.62 9.2 Fig.2 (b)
3 Au 3,200 18.84 10.1 Fig.2 (c)
4 Au 3,257 18.76 94 Fig.2 (d)
5 Au 3,200 18.62 94 Fig.2 ()
6 Au 3,200 18.68 9.4 Fig.2 (f)
7 Au 3,240 19.30 7.3 Photo 1 (a)
8 Pb, Sn 2,587 9.64 unkowm Photo 1 (b)
9 unkown 3,606 unkowm 24 Photo 1 (¢)

¥ Samples 1-6 : Gold ingots

(a) (b)

Photo 1  Sample photos of measuring the thickness and speed of sound by using ultrasonic thickness gauge
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(a) (b)

Photo 2 Comparative photos of removing thick metal (Ni) coated on gold products by dilute nitric acid with or without hydrogen peroxide. Dilute nitric acid solution
with hydrogen peroxide is poured into the upper part of the beakers, while dilute nitric acid solution without hydrogen peroxide is added to the lower part of the
beakers.

After 2 minutes at room temperature, (b) After 10 minutes at room temperature
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Table 3 List of solutions used for removing base metal or precious metal
coatings on gold products

- N Type Element coated Solution employed
m%liﬁﬁﬁ)/@bfffﬁ‘ofl%)ﬁ&%Z_Z)S) Ni Dilute nitric acid
INHORREY, Do ZREREKE UTER AT 256813, Brass (Cu, Zn) Dilute nitric acid
o & FOEETHIMT 5 et D5 = L b, HHEOMAE Base metal He Dikte nitic acid
N o Cr Dilute sulfuric acid
PEZ D Z EHERR S, IR A IR 258 IRk A AU BB E Sn, Co Dilute hydrochloric acid
RNBA A AL LTV 2~ & £ B 2259 LinL, R . Ag _ Dilute nitric acid _
BECHIRET, ST AL L S o X 2R (i, g | s Ry Dibte bydrochlorl acid
Pd heated Dilute nitric acid
Table4 Results of solubility test using gold foil
. Adding ) 24K Gold foil 23K Gold foil
Solution type Heating or not - -
H,O, 1 hour later Overnight 1 hour later Overnight
Room temperature X X X X
Dilute Heating X X X X
nitric acid N Room temperature X X X X
Heating X x X X
Room temperature X X X X
Dilute Heating O - X X
hydrochloric acid N Room temperature X O A @)
Heating @) - © -
Mixrure of dilute _ Room temperature © - X @)
nitric acid and Heating © - - -
dilute hydrochloric Room temperature x O x x
acid (1:8) + :
Heating ©) - © -

$Heating : Sample solutions are placed on hot plate at 105°C
X : Insoluble

/\ : Partly soluble

O : Fully soluble

© : Soluble immediately
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