DESIGN AND PERFORMANCE REVIEW OF INNOVATIVE NO ARGON.
MICROWAVE INDUCTIVELY COUPLED ATMOSPHERIC PLASMA

- OPTICAL EMISSION SPECTROSCOPY (MICAP™-OES 1000) NO CHILLER.
FLEXIBLE SAMPLE MATRIX AND FULL SPECTRUM ACQUISITION NO PROBLEM!
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MICAP-OES 1000

Introduction
Due to the power, exhaust, weight and gas supply constraints, traditional high performance atomic spectroscopy CERAWAVE"
iInstruments are designed for laboratory use.

MICAP-OES 1000 operates on industrial grade (99.9%) nitrogen and 1000 W power. The technology to create the stable Smarter. Easter. More efficient
plasma is called Cerawave™ which replaces the traditional water-cooled coil RF generators. The design of a light-weight : ' '
modular component microwave plasma with an echelle-based spectrometer provides real-time full spectrum elemental Radom's proprietary Cerawave™ technology sets a new

fingerprint wherever needed. standard for productivity. Cerawave replaces water cooled coils
and traditional RF generators. MICAP-OES 1000 is a powerful
MICAP-OES 1000 is the frontline defense to capture critical elemental information, providing results for quick decisions in analytical instrument with a simple design eliminating the

environmental monitoring, mining exploration and manufacturing processes. need for a chiller and permanent installation location.

Current Commercial Optical Emission .. 1@ Microwave Inductively Coupled Atmospheric

Traditional inductively coupled plasma S — Plasma - Optical Emission Spectrometer 1000

generated with Water Cooled Copper Coil RF
generator frequencies 27MHz or 40 MHz

Operating Operating Flow i
Type Purity Range (%)  Pressure Ranges Range (L/min) . ) Operating Operating Flow
(PSI) Type Purity Range (%) Pressure Ranges .
Range (L/min)
(PSI)
Argon 988 1o §9.996 70 to 109 9 to 26 . _
Nitrogen* 99.9 50 - 70 18L/min
Gas Nitrogen 99.99 to 99.999 70 to 109 1.5 to 14 g
Cas Shear Air Cogr‘izge:re ' 50 - 70 20L/min
Sheer Air Compressed air 80 28
) ) ) During ignitio * Nitrogen generator,
Width Range Height Range Depth Range Weight Range Argon 99.995 60 -70 S;i;LgAg;gH; cylindgers gr dewars
(in) (in) (in) (Ib) Power Specification
: e Width Range Height Range Depth Range Weight Range oo s
] : . . P S ficat
Physical Specifications 24 to 46 34 to 37 27 to 29 176 to 326 200 - 2540V (in) (in) (in) (Ib) ower speciiication
ICP-OES only 13 to 20 amp
. Power Range Size Typical Weight e Physical Specifications
Cooling (°C) (W) WxDxH (in) (Ib) Power Specification ICP-OES only 24 29 20 67 208 - 240V * 120V
. 208 -230V
Chiller 10 - 30 >750 to 2000 15 x 27 X 24 178 to 190 115 s Chiller No Chiller

Torch installation assembly: Echelle spectrometer with CMOS MICAP™- OES 1000

; ; Typical Limit of Detection and Resolution
Easy to use and reproducible set up. _ camera, measures the entire 1 yp .
| L] v v
| wavelength range with every
L] L] L] ‘ L] L] L] L] 1 . 2
Axial viewed plasma with automated plasma solution injection. . » Resalution
2 ; 13 14 15 16 17
° ° ° ° ° Typlcal
tail removal, no optimization required. e MICAP-OES 1000 Zn 202584 5 v v v v M e
3 A 2 A Resolution Cr 360.534 1 5 - 5 7 3 9 10
9 Li Be Ba 455.403 14 B
>
= LOD < 2 ppb Na 588.996 21 LOD < 20 pph
1. Torch guide 2. Torch alignment pegs 3. Completed assembly T Ay Li 610.364 30 CATEON NITROGEN OXYGEN FLUORNE NEON
1 1 588.9)\96nm 1 2 280.2)\70nm 1 3 396.1)\52nm 1 4 151.6)\11nm 1 5 153.?62"1\1 1 6 1 7 1 8
3| Na f| Mg 3 4 5 6 7 8 9 10 11 12 Al || Si P
LOD < 7 ppb LOD < 2 ppb LOD < 8 ppb LOD < 15 ppb LOD < 300 ppb
SODM | l\/IAGNUM | v v v v v v v v v v | ALUMIUM | | SILIC | PHOSPHOS SULFUR CHLORINE ARGON
1 9 404Ai\15nm 20 393.;‘66nm 21 36343\73nm 22 334A9):t0nm 23 3095)\10nm 24 283A5):53nm 25 2593)\7an 26 2593)\38nm 27 238A£\92nm 28 341Ai\75nm 29 324J)\54nm 30 213.§\58nm 31 403.2)\99ﬂm 32 265.1)\17ﬂm 33 ZZE.g\TOHm 34 35 36
»| K|[Call|Sc|| Ti|[ V I||Cr|[Mn| Fel|[Co|l Ni |l Cull Zn || Ga | Ge || As
LOD < 1.6 ppm LOD < 1 ppb LOD < 3 ppb LOD < 2 ppb LOD < 16 ppb LOD < 22 ppb LOD < 10 ppb LOD < 22 ppb LOD < 26 ppb LOD < 85 ppb LOD < 13 ppb LOD < 60 ppb LOD < 180 ppb LOD < 66 ppb LOD < 520 ppb
N | POASSM | | CLCI\/I | SCNUM | TIANM | | VAADI\/I | CHROMI\/I MAGASE | RO ’ | CBA | CK | | CPP | IN ’ | GLLIU | GEI\/IAM ASENI SELENIUM BROMINE KRYPTON
37 38 407.7}\72nm 39 437.;‘92nm 40 283.2\63nm 41 365.1}§I8nm 42 386.‘{;0""! 43 44 366.1)\36nm 45 437.1{}51nm 46 340Ai\57nm 47 32&5\67nm 48 ZZB;}Hnm 49 451A1)\31nm 50 2833)\97nm 51 287}\91nm 52 238A5)\78nm 53 54
5» Sr|l Y [| Zr || Nb || Mo Ru||Rh||Pd||Ag|[Cd|l In || Snh || Sb || Te
LOD < 1 ppb LOD < 2 ppb LOD < 4 ppb LOD < 11 ppb LOD < 62 ppb LOD < 4 ppb LOD < 13 ppb LOD < 13 ppb LOD < 5 ppb LOD < 42 ppb LOD < 97 ppb LOD < 78 ppb LOD < 300 ppb LOD < 330 ppb
RUBIDIUM | ESTRONTIUM | | YTTRIUM | | ZIRCONIUM | | NIOBI | | MOLYBDEUI\/I | TECHNETIUM | RUTHENIUM | | RHODIUM | | PALLADIUM | | SILVER | | CADMII\/I | INDIUM | TIN | | ANTIMONY | TELLURIUM IODINE XENON
55 56 455.1{\03nm 72 301.2)\90nm 73 296.5)\14nm 400.t§\74nm 75 346.1;:13nm 76 77 284.9}\73nm 78 299.7}\96nm 79 242.7}\95nm 80 zss,g\smm 81 276.7};39nm 82 283.3}\06nm 83 306.7}\72nm 84 85 86
6» Ba . Hf || Ta Re Ir Pt | Au||Hg || TI || Pb || Bi
LOD < 2 ppb LOD < 10 ppb LOD < 38 ppb LOD < 46 ppb LOD < 22 ppb LOD < 31 ppb LOD < 63 ppb LOD < 23 ppb LOD < 200 ppb LOD < 230 ppb LOD < 100 ppb LOD < 160 pph
CAESUM | | BARUM | HAFNIUM TANTALUM TUNGSTEN RHENIUM OSMIUM IRIDIUM PLATINUM GOLD MERCURY THALLIUM LEAD BISMUTH POLONIUM ASTATINE RADON
22in Aperture: f10
(55 cm) 87 88 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Wavelength range: 194 nm -625 nm 7> o0
. FRANCIUM RADIUM RUTHERFORDIUM| |  DUBNIUM | | SEABORGIUM | | BOHRIUM HASSIUM MEITNERIUM | | DARMSTADTIUM | | ROENTGENIUM | | COPERNICIUM | | NIHONIUM FLEROVIUM | | MOSCOVIUM | | LIVERMORIUM | | TENNESSINE | | OGANESSON
Simultaneous: up to 625 nm
° . ° 57 432.2)\50nm 58 428.9)\93nm 59 440.8)\83nm 60 430.3)\58nm 61 62 430.9):)1nm 63 420.5):)5nm 64 418.2\27nm 65 367.6)\37nm 66 400.(;:15nm 67 404.5):17nm 68 369.2)\65nm 69 317.2)\82nm 70 328.9}\38nm .}\ m
Slit Width: 30 umsslit
S . La |[Ce || Pr|INd|[Pm|[Sm| Eu | Gd |l Tb || Dy || Ho (| Er || Tm || Yb
. dnthaniae series LOD < 2 ppb LOD < 50 ppb LOD < 3 ppb LOD < 6 ppb LOD < 2 ppb LOD < 2 ppb LOD < 4 ppb LOD < 10 ppb LOD < 7 ppb LOD < 10 ppb LOD < 5 ppb LOD < 3 ppb LOD < 5 ppb LOD < 2 ppb
Resolution: 5 Ppm - 30 PmM LANTHANIUM CERUM | [PrasEoDymIUM | NEODYMIUM | PROMETHIUM | | samaRium eUROPIUM | | GADOLINIUM TerBIUM | [ DYsPROSIUM | | HOLMIUM ERBIUM THULIUM YTTERBIUM LUTETIUM
Vv 89 90 wstem | 191 92 oo |1 93 94 95 96 97 98 99 100 101 102 103
Actinide series o0 Th U
\L LOD < 17 ppb LOD < 50 ppb
ACTINIUM PROTACTINIUM NEPTUNIUM | | PLUTONIUM | | AMERICIUM CURIUM BERKELIUM | | CALIFORNIUM | | EINSTEINIUM FERMIUM | | MENDELEVIUM | | NOBELIUM | | LAWRENCIUM

O [
CERAWAVE BENEFITS FOR MICAP-OES 1000
PEAK 2\
PEAK i-Flow Mini
$45 000
B OX B to B B e n C h . o o - $40 000 $38 846 (83536;21)
Nitrogen ,
f ' o 35000
<1 hour o technology S
S o pomal Sovings. Nitrogen can be generated
Advant - . g sxs000 $28,782 from air. PEAK i-Flow Mini
vantages or using nitrogen gas source: E (74%) . .
£ o provides uninterru pted
* : $17 006 analyses and increases
Less expensive to operate 15,000 A Annual Savings: ..
514 268 \4 productivity.
M M 10000 84%) M $10 06>
* Readily available s | o5 e /
] (83cm) )
) $5000 J $2738 16.51In

* Safe to use

Dewar Liquid Container Compressed Gas Bottles

$0

mArgon OES  m Nitrogen RADOM OES

Average usage assumptions: 12 hours/day, 5 days per week, 50 week for Dewar liquid OES
and 6 hours/day, 5 days per week, 50 weeks for compressed gas bottles OES.

PEAK " Comparison Peak i-Flow Mini with Nitrogen Cylinder
y—\

Annual CO.,e Emissions Savings Compared to Argon -
200
150
L t kWh saved 239,850
OW@S | ———| metric tons of CO_e saved 170 100
. 50
Carbon Footprint Sauvelentie - Il
, . . 0 lII I I -.. III _____ | | R mEN llf II | 1 I
Homes’ annual electricity use 33 N N N N S N W W SN
h h I OO NN S ARE S SR e A N T . S SR A A S S SO SR s
MICAP-OES 1000 has the lowest F & & & EEEEEEEEEEEE
. . . @\\‘ \0‘*\\‘ \0@\‘ \°‘°\‘ \0@\‘ \*\@\‘ \<*‘°\‘ \@ \’\\@\‘ \0‘{\\‘ \*\‘*\\‘ \06\‘ \0‘(\\‘ \0@\‘ \0‘(\\‘ \*\‘&‘ \*\@\\ \0“\\‘
Carbon fOOtprlnt Of any OES - Gasoline-powered passenger vehicles 37 %Q@% %q?oq byg'» (o\i,;, & p @ P b‘,\o)v %’\9& M NI o},,)«’v %Q/\q, &éo & (I),\q,'\/
f\,. f)). q. q. ,\r’))‘ (,)0). %rb. bQ‘ f\/' fb' (oq. /\qv %%v <’)- 0. b‘. (,;‘/. Q.
instrument in the market SR R AR g g S R R
’ Total gallons of gasoline consumed 19,127
—_— 9 9 B 1 PPM_Peak i-Flow Mini/house air B 1 PPM_Peak i-Flow Mini/house air
B 1 ppm read Nitrogen Cylinder/house air 1 ppm read PEAK i-Flow mini only
Total smartphones charged 20,676,512

Based on standard Argon cylinders. Source:
EPA.GOV (https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator.)

Mining and Minerals Matrices

Organic Solvents premisolvm

DO =

[} [ ] [ ) [ ) ° ° ° °
OREAS CRM results for gold in aqua regia digestions Lubricating Oil Analysis
OREAS CRM 256b Result S Diluent = Premisolv™
Analyte Wavelength CRM Certified Preparation Preparation Dilution Recovery Recovery esult Summary
CES%LD Wavelength  Certified Value Prepa1rat|on Prepazratlon Dilution = %REC1 %REC 2 Blank Oil = 75¢cSt (Cat H 150-075—002) ~
238 2.95 2.99 2.84 1X 101% 96% A - Q. _ -
- : : g9.ppm 338289 133 < 3 Ix Standard = S-21 (Cat # 150-021-003)
o 8 33 605 - : 620, 570, ALwt% 308215 174 170 164 50x 98% 95% Ag, Al, B, Ba, Ca, Cd, Cr, Cu, Fe, Mg, Mn, Mo, Na, Ni, P, Pb, Si, Sn, Ti, V, Zn and K Lubricating Oil Analysis
Au, ppm  267.595 ‘ ' ' X 0 > Folpem e 227 305 295 X na%  T0% Glass Expansion 0.2mL/min Micromist nebulizer
' | Ba, ppm 413.065 62 67 72 1x 108% 116% :
255b 4.08 3.82 377 1x 94% 92% : y . Double pass cyclonic spray chamber,
Ca, Wt % 317.933 0458 0.446 0420 20x 97% 92% EnviroMATT Used Qil > 5mm injector torch
Ce, ppm 446.021 36.6 388 383 1x 106% 105% . '
256b 7.58 7.61 713 1x 100%  94% PP : ‘ Lot No: 5140916011
Co, ppm 228.616 19.8 215 19.6 1x 108% 99% SCP Science
o) 0,
257b 14.17 1455 1542 'IX 103% 109% Cr, ppm 283.563 175 194 188 1X 111% 107% (Cat # 140_025_041)
Cu, ppm 327.396 91 105 102 1x 116% 112%
Fe, wt.% 238204 345 327 328 100x 95% 95%
Mg wtd% 28027 125 129 126 50x 104% 101% Unknown in-service oil, synthetic oil from a 2006 Dodge Durango
Mn, wt% 259372 0.027 0.027 0.026 20x 102% 95% (150,000 service).
Ag 338.289 nm Au 267.595 nm Na, wt.20 589.592 0.138 0.136 0142 100x 98% 103%
] Re09904 9 res10000 Nd, ppm 430357 16.6 175 171 X 106% 103%
60': LOD=573783104387966 [ppb] 704 LOD=11,1432430340859 [ppb] Ni, ppm 361.939 90 97 93 1x 108% 103% MICAP-OES Consensus Confidence Tolerance E::nm“mmm::::m dlmﬂtﬁﬁ:ﬁ:ﬁ:dsﬁ&.mwxﬁ N—
. Wavelength Measured Value Interval Interval AT = = =
60 Pr, ppm 525.973 3.84 45 43 X 118% 112% Element nm (Mg/Kg) (Mg/Kg) (Mg/Kg) (Mg/Kg) ‘o ; ,
Ag 338289 17.3 17.4 15.5-19.4 433-306 e s s 2 =
50 SIL (IR0 AR =2 363 581 L 113% 119% Al 396152 295 289 278-299 20.7-37.0 : — i S %
Ba 455403 -0.018 245 9
> > Th, ppm 491.982 543 55 4.69 1 101% 86% E e LR Lot 187 e Lt = 9 75 %8s
2 2 Ca 317.933 644 62.7 59.7 - 658 399-856
g g Ti, wt.% 32345] 0.062 0.068 0.066 50x 109% 106% cd 228802 197 195 187 - 202 142-248 -~ o L - -
- = Cr 425.435 17.9 18 173-187 128 - 23] 2 il ome B i
V. ppm 289.352 57 594 583 1x 104% 102% Cu 327396 3089 4182 4002 - 4362 2032 - 5431 & ot e 2 &
. 203 459 100
W 429 461 178 16.8 170 1 949 959 _ Fe 259940 963 94.5 911-980 686 - 120 = -
0 g2kl X 2 2 Mg 279553 209 186 17.8-19.3 129 -243 :g ;’;;53 023:2 ;fi -
o Y, ppm 360.073 7.76 7.50 718 1x 97% 93% Mn 259372 207 19.9 193-206 14.6-252 = —— — = -
Zn,ppm  202.548 59 63 61 1 107% 104% RE e L - 2250 S Na ssa905 " B 09
0 : : - - - . Ni 341476 0341 288 99
T * Ag, ppm - certified value in the prepared test solution was below detectable limit. ';' SO0 a8 Sl i‘é D05 - Gl Sae o P 253560 450 405
Concentration [ppm] . . . 1 Concentration [ppm] Pb 28-3:-:;-05 ;0_; -251 >3 5-“;67 125““3:7 3 Pb 283305 037 257 ns
: : - - = L Sn 283,998 -0.034 252 99
Pd 340.458 nm Pt 265.945 nm _ 23l e sl Eligmiei 145 -28.2 T e 0089 23 =
500 125 Sr_1 303.412 528 510 474 - 546 269 - 751 = S s i =
] R2=09949 A ] r2=10000 Ti 334.940 173 168 160-176 105 - 23.0 — — - —
] ] V 311.071 18.0 17.1 16.4-179 1N.4-229
] ERESC R Elesentch [ppb] 100_: LOID=S] SEBe 2020k [ppb] Zn 213.857 60.7 585 565 -606 44.0-73] * spike concentration is less than the inherent element concentration
75—-
E 50—-
o] QC Solution Graph - Aqua Regia Preparation Biodiesel Analysis
’ 6.000 Biodiesel Measured Versus Expected
0_- f 5.000 —— 4_%_.%’_%_ i onten 21.0 4 - \-.LLV
8_; 4 Limits, MAX Content P — W :i;:-::"'"'
Z 4.000 Property ] ANP 07/2008 EN 14214 | ASTM D6751 | Working Rang — fl.l'|'l.\
Concentration [ppm] Concentration [ppm] 8 Sodium mg/kg 5 5 5 090to14.3 18.0 : __:-.
3.000 P m ma/kg 5 5 5 0.491013.98 = — 3
é Calcium ma/kg 5 5 024101501 \_/,,.,’( : i‘-r__ E :
Z 2.000 Magnesium | maorkg 5 5 012101155 = Lk -
g | 1 LA Phosphorus | ma/kg 10 4 10 169 to 14.24 g
B 1000 | e e ShammSuEEREN | |
. . ————e e e e e e - e e TN — e O e g ©
To prepare the CRM samples, ~2 gms of each CRM was weighed into a 50-mL graduated 0.000 . g _
. . . . oy o . @D DDA A D D OO > A DD A DA g 201
DigiTube (SCP Science). To each weighed sample, 2mL nitric acid (HNO3), 6mL o S A A D P D P A DA RSP s Glass Expansion
. . . . %’9’ \"‘)q '\:b '\rb '\y‘ ] ")Q '\«"' &\‘ ’\?, W ")’\' bp . b\ '{? 0-0 hQ ">‘° '50 .»f) '5\’ '\> “ ISO M ist X R ro ra m ma b I e
hydrochloric acid (HCIl) and 20mL Type Il water was added. A single-use polymeric watch- WoR e R T 0O VR e N gy 6.0 1 Prog
glass was placed on each tube. A digestion blank prepared as the samples was included ELEMENT AND WAVELENGTH (NM) » temperature-controlled
with each preparation set. coveo cevio cevos - | - spraychamber
. o e .. - CCV 0.1 - CCV 0.025 Linear (CCV 5.0) Linear (CCV 1.0) LGClave LGCS5ave LGC10ave LGC20ave 20CCVave 10CCVave 5(CCVave  1CCVave S t . t B ( 5 OC)
The test solutions were refluxed for 2 hours at 95 C utilizing the DigiPREP Jr (50ml). The T P — - Biodiesel second source and standard readbacks et point =

test samples were allowed to cool to ambient temperature, diluted to 50-mL with water
and filtered with 1.0 pm hydrophilic Teflon®.

High Dissolved Solid Nebulizers

W Ca 422.673 [ppm] B Mg 280.270 [ppm] Mg 285.213 [ppm] WP 213.618 [ppm] Na 588.995 [ppm]

Mining and Minerals - Lithium 610.346 nm

Conclusion

Spectral Line Vi hewer Li 610.364 nm Li 610.364

" — = sempleName  SampleTvpe T o * sherror In the last 10 years, the advancements in spectroscopy were not plasma formation-centric.
"B o1 sundaas  os oo Radom Corporation commercialized CERAWAVE™ technology as the backbone for robust,
0.25 Standard 4 0.25 100% R . . . .
7 05 Standards 047 94% reliable nitrogen-based inductively coupled plasma formation.
é - Samples': S;:'::II:: 542-902 ot
T amplez  Samples 109 - :
. m.m; samples o3 MICAP-OES 1000 innovations:
Sample 3 Dup Sample 6 15.1 . . R . .
e e o e e e o e e e G mple & sample7 23] Eliminates the need for water-cooled copper coils and reduces the weight and size of the
0 025 05 075 1 125 1.5 175 2 225 25 275 3 325 35 375 4 425 45 475 5 CCVv s readback 5.098 102% °
R power generation system
CCV 0.25 readback 0.226 90%

covor remdback oo 7 Robust, reliable plasma sustained with industrial grade nitrogen (99.9%)
Provides the ability to analyze total dissolved solids and organic solvents

Reimagine Plasma with MICAP-OES 1000

email: inquires@radomcorp.com

R A D O M tel: 877-977-2366
.

Reimagine Plasma www.radomcorp.com

Please use the code to view more...



