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By its very nature, most geological material is extremely resistant. Accordingly, the M
crushing and grinding process necessary to reduce geological material to a homogeneous I— evel Of CO n ta minan tS F oun d

powder for analysis has a great potential to introduce contamination, by wearing PPM | Tungsten Tungsten Chrome Steel ~ |Carbon Steel ~ |PSZ Syalon 25g
away of the grinding medium. Knowledge of the type and level of contaminants Carbide 1 Carbide 2
introduced by grinding, therefore, is of utmost importance and ensures that the Time 60s |120s |180s|60s |[120s |180s|60s |120s|180s |60s | 120s| 180s|60s |120s [180s|60s |120s |180s
analyst can provide clients with the best analytical outcomes. Fe 2300 2500 2300 2520 3040|3380
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Given that quartz is the most abrasive major mineral encountered in silicate analysis, Ba 31 24 3
we have undertaken contamination tests using Merck granular quartz in grinding Co 113 1128 137 138 (157 157 08 |12 |08
heads of different composition for varying grinding times (60-180 seconds). The ground ~ €r 508 513 546 |2 |4 |5
samples were then analysed by XRF (Philips PW2404) and ICP-MS (Perkin-Elmer Ii‘[’ i 5 i s i'z ;2 ?2 3 s
Elan 6000) to quantify the levels of contamination. S T o
To reduce grainsize effects in XRF trace element analysis, a sample with the finest w 905 1994 |1047/1150/1276 1259 2 |2 29
grainsize possible is required. Particle size analysis, therefore, was also carried out on Z W DA
the ground quartz samples to determine the efficiency of the grinding heads and to e ST 107 1144 2
see if our analytical objectives were being satisfied. Hf 668 1809 937

The grinding heads used in the study were:
(a) 200g (maximum capacity) unit: Tungsten Carbide, (two heads);
Chrome Steel; Carbon Steel; Partially Stabilised Zirconia (PSZ); and
(b) 40g (maximum capacity) unit: Syalon (synthetic Silica-Aluminium ceramic).

Tungsten Carbide is the grinding mill of choice for most geochemical labs, but a second grind
performed in a Carbon Steel grinding head is necessary if W or Co analyses are required.
Syalon’s light weight and consequent inefficient grinding means that it has limited application
for geological samples. Generally, contamination increased with increased grinding time.

50g aliquots of acid-washed granular Merck quartz were ground for 60s, 120s and Tungsten Carbide W — 900 to 1276ppm; Co — 113 to 157 ppm

180s in each of the 200g grinding heads and analysed in Geoscience Australia’s Chrome Steel Fe — 2300 to 2500ppm; Cr — 508 to 546ppm; Ni, Cu, Mo< Sppm.
laboratories. Because the Syalon head was smaller, relatively light in weight and Carbon Steel Fe — 2520 to 3380ppmj Cr. Co. Ni <Spprm ; N1, G,
thereflore fliis efkﬁc1ent at grmdmgl, a ng ah(ll)tllot 1E)f Merck quartz was used. A control PSZ Zr — 303 to 433ppm; Hf — 6 to 9ppm; St — 1ppm; Ba — 2ppm.
sample of Merck quartz was analysed as a blank. Syalon Al - 1100ppm; Y — 1 to 2ppm.
Laser Particle Size analysis (Malvern Instruments Laser Mastersizer 2000) indicated that at 180s
Man UfaCtu re Of H eads grinding time, Tungsten Carbide, Chrome Steel, Tool Steel and PSZ heads reduced >90% of
How the heads are made determines their composition and contamination effects. the sample to <74pm; Tungsten Carbide, Chrome Steel and Tool Steel reduced approximately
— Tungs ten Carbide 50% of the sample to <10pm; PSZ reduced 35% of the sample to <10pm and Syalon (25g)
at 180s had reduced 49% to <74pm and 15% to <10pm.
) Tungsten Carbide grinding heads are made by sintering " "
carbide powder with a cobalt metal powder binder. M M M M M
< The two contaminants found were W and Co. ParthIe Slze DlStrlbUtlon
1. Tungsten Carbide 1 4. Carbon Steel
£ Chrome Steel ;
h Chrome Steel grinding heads are made from high chromium g ‘f
(11% to 14%), high carbon (1.5% to 2.5%) steel, known as D3 i L
W in the AISI nomenclature. The grinding head manufacturers :
use steel with the lowest levels of unwanted metals, and from .
these ‘clean’ batches, grinding heads are turned. Main constituents ’ o ™ ™ *o ; i
: are Fe and Cr with small amounts of Ni, Cu, Co, Mo, and W. 2. Tungsten Carblde 2 5. PSZ
< Carbon Steel :
Carbon Steel heads are made from case-hardened low-alloy L B
mild steel and have lower levels of chromium, copper, nickel g I
and molybdenum than Chrome Steel heads. Carbon steel is v "
Ll used as an alternative to Tungsten Carbide because it does N i
not contain tungsten or cobalt and costs less to purchase. L i .
‘ ’ However, it is a softer material than Tungsten Carbide and wears more quickly. 3 Chrom Stm | 6. Sval s
The main constituent is Fe, with traces of Cr, Cu, and Ni. . fome oree Y yaon
/ Partially Stabilised Zirconia (PSZ) ; 5
PSZ grinding heads are made from Zr (HHO, stabilised with * N '2 N
LLJ Mg. In Australia, Zirconium for PSZ is derived from Zr-rich S :
beach sands. The sand undergoes purification in an arc s s
f— furnace and arrives at the ceramics manufacturer as ZrO) o
plus MgO. Particle size is reduced to —325 mesh by ball " ' " " b ' P
‘ ’ mﬂhng The compound is spray dried, after which pre-forming, compaction and __60 seconds __120 seconds 180 seconds
hi f th bod The transf tion to th tough PSZ . i
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amn constituents are 4r, with traces of 1i, or, ba. Freeman, Sietronics Pty Ltd, encouraged us to publish our results. Thanks also go to staff in
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Syalon is a man-made ceramic alloy of Si3Ni4 and Al203. . .
Ll It is manufactured in a patented process by reacting FOI‘ flll‘thel‘ lnfOI'IIlathIl COntaCt:
silicon nitride, silica, aluminium oxide and aluminium nitride. a
Main constituent is Si (not able to be determined in our le Webbel‘ Ph: 02 6249 9088
u tests), other contaminants found were Al and Y.
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