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Introduction Sub-Picogram Level Detection in Matrix Maintaining Long-Term Stability
Developments with metallocene catalysts have increased productivity for the polymerization of ethylene and propylene; ( Y\  “Contaminant” detection in matrix [ Abundance 387 fg A Tab_le 3. Re_peatability, i_n % RSD, for 4
however, these catalysts can also be more susceptible to impurities, such as arsine (AsHs;), phosphine (PH;), hydrogen sulfide 83 fg 68tg 10719 (3.2 pph) calibrants _ (in He matrix) for 300 runs,
(H,S), and carbonyl sulfide (COS). This sensitivity to contaminants has driven a need to monitor impurities at the lowest (Z-gll;l’b) “ﬁ"s"") (1.1 ppb) Calibration standards of the 4 contaminants were run in . | AsHy completed in 4.5 days.
possible detection levels. Contaminants can degrade a polymerization catalyst sooner than desired and shut down the process 3 § nA3H3 ethylene and propylene to test for resolution, precision 15700 ” _ % RSD (~500b
for catalyst replacement. Precise, low level detection of these contaminants during the production process offers the ability for and instrument detection limits with real matrices. At 15600 2 (~5ppb)
olefin producers to take steps to mitigate these contaminants. B ~1.5 ppb concentrations in ethylene, all 4 contaminants 15500 PH, 4922
The challenge for analysis is resolving significant matrix peaks from low level, active contaminants, which necessitates an inert were resolved from the matrix; the extracted ion 5100 (3322 fgb)
pathway. Analysis with a GC/MSD must have high chromatographic resolution, high capacity, and an inert sample flow path. chromatograms (EICs) are shown in Figure 2. PH, is on c0S H,S 1.91
These detection limits require a system to have excellent sensitivity to detect sub-picogram amounts of AsH; and PH;, which \ - J the shoulder of the ethylene peak, but is best resolved o300 | AsH 3 64
can be achieved with the High Efficiency Source (HES). In order to achieve the required resolution and capacity, a thick film Ethane on this 8 pm thick film column, compared to other tested 10200 SH3 :
column is required. However, it introduces higher column bleed, which results in source fouling with a dropping response. columns. 1190 COoS 414
Using the JetClean self-cleaning ion source (JetClean) provides continuous source cleaning and assures consistent response. e SN - 15000
AR L s Lo s L LA L st R s L sasas s Three contaminants are detected in propylene, since 14900 : .
15 16 17 18 19 20 21 min carbonyl sulfide co-elutes with propylene: Figure 3 14800 e Signal Stability and Inert Flow Path
- L_ - - J displays the EICs for PH3, HZS' and ASH3 at ~15 ppb | 1550 16,00 1650 17.00 17.50 18.00 1850 19.00 1950 20.00 20.50 21.00 21.50 .. . .
Experimental Figure 2. EICs of ~1.5 ppb calibrants in polymer grade ethylene  concentrations. The ethylene and propylene matrices e ) Precision over time was tested with 300 runs
matrix. ithout calibrants (matrix only), and small - —— m over 4.5 days with calibration standards at
: . - . Were run  wi Y Figure 5. Long-term repeatability: Overlays of every 50 TIC of 300 runs  _5,5p [evel in helium matrix. Fiaure 5 overlavs
G-Cal permeation tubes of the 4 calibrants (=) are connected to a 2-stage dilution system that connects to a sample loop in a r \  amounts of H,S and COS were detected. In ethylene, 30 over 4.5 days (4 calibrants in helium matrix) PP : - F1g y
10 port valve, where all tubing and fittings are deactivated to maintain an inert flow path. The dilution system is built to dilute 68 fg (1.6 ppb) fg (0.3 ppb) COS was detected and quantified; 25 fg (0. 43 ' ' every 50th to'gal on chromatogram (TIC) and
the calibrants in the range of 5 ppb to 50 ppb. The sample loop pressure is controlled by a back-pressure regulator at 2 psi for H,S opb) H,S and 63 fg (0. 62 ppb) COS were detected and (g | Table 3 contains the repeatability of the 300
better precision across calibration and sample concentration range. 83 fg (2.0 pph) quantifized in propylene. vndance Hs runs, which are all below 5%_ RSD. The High
_ _ _ _ _ _ PH, 600 25 10 EfflClgncy Soqrce and continuous hydrogen
The 7890B Agilent GC is configured with a 10 port valve with 2 sample loops for easier method development and sample m/z 34 2200 | 80 cleaning provide the ability to detect the
introduction. Diluted calibrant gases are introduced through one sample loop and the 2nd sample loop introduces the matrix 107 1o (11 o) 1200 | %0 calibrations at ~5 ppb concentrations in helium
gas, such as helium, polymer grade ethylene, or polymer grade propylene, which creates a sandwich-like injection. The diluted A g’.lpp | for 300 runs with excellent repeatability.
calibrants are directly injected by switching the valve onto a 120 m x 0.32 mm id x 8.0 ym Select Olefins capillary column. 2000
: : L : : . _y Ethane 1800 ] 20 Precision and sensitivity also benefit from the
The 5977B is operated in El (electron ionization) mode with selected ion monitoring (SIM) acquisition. Hydrogen was 1600 use of an inert flow path. Figure 6 shows the
introduced at a constant rate of 0.15 mL/min, during data acquisition into the MS source to minimize effects of column bleed 1400 - It ¢ : ph' h g trati H.S
and retain good signal repeatability. Method parameters are found in the following table and the schematic of the GC/MSD 1200 | resulis ot running high ~concentration M
S N —— Run 1 samples through non-deactivated stainless
system is in Figure 1. , _
SR UL UL DL NLALLE DL BLALRL 1000 steel, where the H,S peak is nearly
_ _ 15 16 17 18 min 800 | indistinguishable from the baseline in the first
Table 1. Method Parameters for Detection of Contaminants . J 1680 1690 1700 1710 1730 1730 1740 1780 10 runs. Over time, the high concentrations of
in Ethylene, Propylene (or Helium for calibration). Figure 3. EICs of ~1.5 ppb calibrants in polymer grade propylene - ! | _ - bt | Time--> ) H,S will passivate the stainless steel pathway,
JAoport ssv Perm Tube matrix. _ p— . — Figure 6. Inert Flow Path is key: In-situ deactivation of untreated bUth passnllg tion takc:ls ~1210f ru1n§(.] An inert
T 120 m x 0.32 mm x 8.0 um Select Olefins Table 2. Statistics of 4 calibrants in ethylene and propylene. ;:gudr_ti :l Pelz)rlmelftlon tubes of 4 calibrants in stainless steel pathway with high concentrations of H,S over 120 runs. Eg’; d\?';iaoyn?nlgmrllrjlr?;es the need for extraneous
| Sampleloop  [EUJE L , , e dilution block. :
D valve 1 0ff 1.7 min Efsf;)cu%ggy - L)) (~5ppb) | 99% ClI) 39% ClI) Table 2 lists the statistics for linearity, repeatability
120 °C | Ethylene Matrix (%RSD), and instrument detection limit (IDL) of each
Helium. constant flow 1.2 mL/min it contaminant in ethylene and propylene, shown in both
e inlet PH, 0.9996 5.14 0.715 21.2 ppb and femtograms. This hardware configuration In both matrices, the long, thick film column provides resolution of PH, from ethylene and ethane. Hydrogen cleaning during
35 H,S 0.9995 3.96 0.456 299 contributes to excellent linearity, repeatability (% RSD) data acqisition. and pressure regulation in the sample loop provide high precision. The HES M provides sub-picogram
60 °C —s | and IDL values for samples in matrix, where the etection of contaminants in the olefin matrices.
e : AsH, 0.9999 0.62 0.063 17.6 re it
J nefer peatability and IDL are calculated from 50 runs of
8.00 min ! Line COS 0.9987 5.06 0575 18.8 ~bppb concentration in matrix. All % RSD values are G-Cal permeation tubes — No isothermal oven needed for excellent repeatability
HES atune.u - - - - on - High precisi
I — 10 below 6% and the IDL values are lower than 1 ppb. Back Pressure Regulation — High precision
E T a— THTRT co778 resoe Propylene Matrix o _ Inert Flow Path — Sensitivity and precision for active compounds
L o0 orumn 1 olumn 2 o 09993 183 0673 319 9977B HES MS Instrument Detection Limit (IDLzgp) in fg 120 m Select Olefins— Resolution of arsine and phosphine
m_ o 120 m x 0.32 mm x 8 um Select Olefins 3 ' ' ' ' _ HES MS — Sensitivity of sub-picogram level detection in olefin matrix
120 °C IDI-RSD _tnn-1XRSDXC J CI L . d h h Hp
100 °C H,S 0.9998 2.54 0.292 203 100 etLlean— Low maintenance and high precision
D JetClean i i ) - - - . . . . . . .
LA 150 ../ min ::::)gnut:l;ilzéntgcill:eeTI?t;gneo;nd78?gB/Ig?u7;7:naIGgiéMSD for AsH, 0.9999 0.58 0.045 6.0 fan1= tvalue (coefficient) at the level of a with the sample size of n-1 The Arsine Phosphine GC/MS analyzer detects sub-picogram concentrations of contaminants in ethylene and propylene with
Y propy ysis. ¢ = concentration of the std sample injected high precision and stability over time.
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