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ARALYIIYD KLPUKI

T0: P. Stepanoff  DEPT.:

PSs Research, lron Run
FROM: J. K. PhiYlips, K. C. Tewar® DEPT.: CRSD-A, R&D 3/x. $673,41N
DATE: 28 Octobder 1986 Problem Solving Laboratory

SUBJECT:  6C/ECD Analysis of lron and Nickel Carbonyls

Sample No.: S627010

ce: J. M. Frost; F. A. Lucrezd; 6. J. Mantell; P. Kao; T. L. Slager

SUMMARY: * A packed column gas chromatograph equipped with an electron capture dete
tor (GC/ECD) has been set up to measure nicke) tetracarbonyl (NY(C0)e) and tron
pentacarbonyl (Fe(CO)s) in syngas. A dynamic gas giluter was utilized for cali-
bration of the instrument and the determination of method linearity. The 6C/ECD
and dynamic diluter were found to be linear over five orders of magnitude. The
detection 1imit and quantitation 1imit for NA(CO)e were 0.03 ppb and 1.0 ppd,
respectively. The detection 1imit and quantitation limit for Fe(CO)s were 0.15
ppb and 0.27 ppd, respectively. The concentration of NV{CO)e and Fe(COD)s in

syngas cylinder $627010 as messured by 6C/ECD was in good agreement with the trad)
tional method of analysis.

BXOBLEM DEFINITION/SAMPLE DESCRIPTION: Both Fe(CD)s and Ni{CO)s are known to

be catalyst poisons at trace levels in the liquid methano) process. The tradition
method of Fe(COYs and NY(C0)a analysis consists of wet scrubbing followed by
atomic absorption analysis for iron and nickel. The Process 6as Group requested 2
analytica)l technique with a faster turnaround time to allow a more rapi¢ response
to catalyst poisoning. Tests were 3lso scheduled in which various materials would
be evaluated for their ability to remove metal carbonyls from the synqas. Due to
the large volume of cas required for the traditiona) method, a new technique which

used a smaller sample size would be preferred. The syngas consists of approximate’
2% Ha, 36% C0a, 20% CUO, and 0.9%X Na.

ANALYTICAL PROCEDURES: The 5890 6C/ECD and 3393A integrator were purchased from
Hewlett-Packard. A siight modification was made to the gas sampling valve system
according to Figure 1. The column wa. silanized prior to packing and conditioned
overnight at 100°C before use. The GC/ECD operating conditions are listed in Table
1, and typical chromatograms can be found in Figure 2. The dynamic gas diluter
utiltzed two Tylam 66260 mass §low controllers and was designed and assembled at
APCI. A schematic diagram of the dynamic diluter can be found in Figure 3.

Requbst Ho.: Xone

Charge No.: (7-1-1557.M
Notepbook No.: 9189-12

Method No.: 274

Phone Date: 10/27/86

sample Receipt Date: 10/6/88

Tew: 4022w - 74 -



P. Stepanoff - -2- 28 October 198 j‘\\

PESULTS AND DISCUSSION: Once the instrumenta) conditions described in Tadle ) we:
set up, a standard cylinder containing 22 ppm Fe(CO)s and 8 ppa N4(C0)e was
connected to the gas sampling loop. Since both carbonyls eluted m.oh more rapidhy
than expected, a Yiquid standard of 6 ppm Fe(CC)s was injected to confirm the
retention time of that component. Next, the dynamic gas diluter was utilized to
produce accurate, real time, low level carbonyl standards for a calibration curve.
In this work, the standard cylinder was d1luted with nitrogen, and the dynamic gas
diluter outlet was connected directly to the gas sampling loop. The data obtained
from this procedure 4s listed in Table 2, and log-log plots of the standard curves
can be found 4n Figures 4 and 5. Bcth Fe(CO)s and NY(CO)e calidbration curves

were linear down to 1.0 ppd. Below 1.0 ppdb, the quantitation of N1(CO)e was dif-
ficult since 1t eluted on the tail of an impurity in the nitrogen. In the syngas
matrix, this problem is not expected, and lower detection and quantitation Vimtits
should be achtevable for N1(CO)a.

To confirm the accuracy of the GC/ECD technique, a standard cylinder and a syngas

c¢ylinder (SG627010) were analyzed simultaneously by 6C/ECD and the traditiona)

method., First the syngas cylinder was analy2ed. During the 30 minute scrudb time,

seven 6(C/ECD measurements were taken. Next, the standard cylinder was placed in

1ine. During the 40 minute scrubbing time, the standard cylinder was analyzed by

6C/7ECD to arrive at standard response factors for the iron and nickel carbony!

peaks. For this work, the standard cylinder was connecte: to the dynamic diluter

prior to the 6C/ECD. In this way, the external calibration standard could be dyna. .
mically d¢iluted untd) the area counts of the external standard approximated the S
ared counts in the sample. 7The N1(CO)a area counts stabilized almost immediately,
however, the fFe(C0)s area counts were extremely low unti) about 30 minutes into

the analysis. Since the traditiona) method found no significant vartation from

previous measurements, we are assuming that Fe(CO)s requires a significant period

of time to equilibrate 4n the dynamic diluter. After the levels of Fe({C0)s and

N1 (C0)e in the standard cylinder were determined by the traditional method, a

response factor for each analyte was calculated. By applying these response factor

to the average area counts in the syngas, Fe(CO)s and NY(CO)e concentrations

were calculated (Table 3).

The 6C/ECD technique is able to accurately and precisely measure less than 1.0 ppb
concentrations of Fe(CO)s and/or NA(CO)a in syngas. The sample volume required
for the 1.0 ppb quantitation limit 4s 1.0 a1, and the analysis time is under 3.0
minutes. Personne) from CRSD-An2lytical will be avatlable to help PSE researchers
uti11ze the 6C/ECD dnstrument for future measurements. A CRSD-Analytical method,
entitled "Analysis of Trace Levels of Fe(CO)s and N4{CO)e in Syngas®, 4s cur-

rently being written.
/kaélcaut

K. C. Teward

3. H. Phil1ips

Tkw: 4022w y
Attachments
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Table o
§C/ECD Operating Conditions

Column: 6' x 2 mm V.4, (.25" 0.4.) glass
Packing: 10% squalane on 100/120 mesh chromosorb W (K/P)
Carrier: 5% methane in Argon at 60 ml/min.
Oven: N*C, tsotherma)
In)ector:\ . 31°C, 1 ml gas sampling loop
Detectsr: 31°C, Nis® Electron Capture
Integrator: 33334 Hewlett-Packard
Table 2
Calibration Standards for Ni(CO)a and Fe(CO)y
NI(CO)s Fe{ M)
—ppb Lounts Lrsg —Bpb Lounts X r3d
8,0c0. 2.0d4eeY 3.2 22,000, 1.196¢e8 2.8
800. 2.622e0b 1.8 2,200, 1.926ee? 4.8
63. 3.778¢ee$ 13.0 540. 4.0330eb N
6.3 7.56 e0d ¢ s4. 2.2680058 3.9
1.26 1.809¢ed 1.9 10.9 §.052¢eed 4.1
0.63 1.147eed 4.4 5.4 1.86b6eed 2.0
0.315 8.789¢e) 4.6 2.7 1.08%¢ed 2.2 X
0.063 3.417¢ed 5.3 0.%4 2.563¢e3 8.0
0.0015% 2.748ee) 3.2 0.7 1.33Ceed 16.0
0.27% 2.370ee2 28.1
0.162 2.020202 Nn.o
Jadle 3
Ca"ibration Results 6C/ECD vs. Traditional Method
Stamdard Cylinder Calibration and SC/ECD Response Factors
N4(CD)4 15.0 ppm by A.A. 4,730,000 cts/ppn 1.7 %rsd (na3)
Fe(C0O)S 9.9 ppm by A.A. 8,230,000 cts/ppm 3.0 Xrsd {ne3)
Syngas Sample (S$627010; Analysis by A.A. and 6C/ECD |
N1(CO)4 _ 0.056 ppm by A.A. 0.063 2.0 Xrsd (ns=7) by 6C/ELD
Fe(COD)S 0.47 ppm by A.A. 0.54 3.5 %rsd (ns7) by GC/ECD

4022w
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Memorandum | | PrRODUET.

To T. H. HsYung Dept.:- PSG Research/Iron Run
From: P. J. Marouiis Dept /Ext CRSD-Analytical/R&D B3
Date 4 December 1987
Suiect Method Summary for Determining Low ppmv Levels of HaS and COS
¢¢: R. J. Coraor

J. H. Frost

T. €. Golden

J. B. Wallace

An analytica) method has been developed for determining HaS and COS to 0.5
ppmv 4n a mixture of 30% Ha, 20% Na, 10X CO, and 40% COa. The separation is
performed with a 4' Hayesep Q column heated to 50°C using He carrier gas with
a flow rate of 30 mi/min. The eluted gases are detected with 3 photoloniza-
tion detector {PID) equipped with a 11.7 ev lamp. The system 1S plumbed
around a 10-port Nitronic 50 Valco gas sampling valve (GSV). A1l sampling and
valving Yines are constructed of teflon (1/8° 00). A gas tight syringe can be
used in place of the GSV to introduce the sample via a GC septum. :

For developing this method an 84 ppmv HaS and 75 ppmv COS n 30% Ha, 20%

Na, 10% CO, and 40X CO2 gas mixture purchased from Specialty Gases was

used. This standard wes dynamically blended to lcwer concentrations with a
diluent gas mixture of 30% Ha, 20X Na, 10% CO, and 40X CO2 using two

Tylan mass flow controllers. A}1 the dilution lines and transfer lines were
constructed of teflon. Swagelock fittings constructed .of 316 stainless steel
were used where needed. A low residence time was maintained for HaS and COS
‘n the lines to minimize losses. This was done Dby using high flow rates and
low volume Yines (4.e., short lines and small diameters).

Table } contains the conditions used to achieve the separation of HaS and
€OS from the matrix gas. It was necessary to separate the CO: from the
HaS and COS since it produced a large negative response with the PID.
Figure 1 shows the separation of 1.8 ppmv HaS and 1.6 ppmv C0S as well as
the negative CO2 response prior to the the HaS. The (0a is adequately
separated from Ha$S for quantitation at these levels. However, for concen-
tration below =300 ppbv in a 40% CO2 mixture, better resolution 1s needed
for good quantitation. '

Table 2 contains the calibration data generated or HaS and COS in the
syn-fuel matrix. Area counts and response factors are given for concentra-
tions ranges of 0.5 ppmv to 84 ppmv for HaS and 0.5 ppmv to 75 ppmv for
COS. The data indicate the HaS and COS responses are Yinear using the PID
over this concentration range.

3405m " - 82~
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To: T. H. Hstung 2 4 December-1987
- /,n"‘%y;‘,\\‘
The PID sensitivity was found to decay =3-4% per day. This 4s probably due
to the decay of the lamp and clouding of the detector window. A constant PID
sensitivity can be achieved by increasing the lamp intensity each day. This
may not be necessary for this phase of the project since there 1s adequate
signa) for the required 0.5 ppmv detection 1imit. However, the GC-PID system

must be calibrated each day whether the lamp sensitivity 15 adjusted or not to
obtain maximum accuracy.

A standard analytical methed s being written. [f you have any questions,
please contact me.

Vizd)

P./J. Maroulis

¢jd

3495m - 83 -




Jo: T, K. Hstung ' 3 4 December 1987

Table )

Gas Chromatoqraphic Congditions

Column Packing: Hayesep Q
Column Tubing Material: FEP Teflon
Column Size: ¢' x 1/8* 0.0. x 0.059* 1.0,
Column Temperature:- _ 50°C
Carrier Gas . He
Carrier Gas Flow Rate: 30 m)/min.
- Sample Volume: ' 1.0 m
Detector: . ?hototonization
fQetector Lamp 11.7 ev
- 84 -
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To: T. H. Hstung 4 4 December 1987.m

SN
Table 2
HaS and COS Calibration Data
Ka$ €0s
Concentra- Area Response Concentra- Area Response
tion my {counts) (counts/ppmv) tion (pomv) {counts) {counts/ppmv)
0.59 30,232 51,24} 0.53 30, 361 57,288
-1.80 92,853 - §),58% 1.6) 81,023 - 50,324
8.26 422,215 51,116 ) 1.317 352,102 47,856
291 1,507,390 51,765 26.0 1,277,158 47,606
8¢.0 4,326,556 51,507 15.0 3,459,068 46,121
—

3405m - 8b -




Fiqure 1. Chromatogram Showing the Separation cf 1.8 ppmv H,S

and 1.6 ppmv COS from 30% HZ‘ 20% Nz. 10% CO,
and 40% to2

STARTING NOY S, 1987 15:55:2¢

RUN ¢ 133 NOY S, 1987 15:55:2¢
START

HZS
— 1.3%
3.498
W= 3
e
TIMETABLE STOP
RUNRS 133 ROV S, 1987 15:55:26
SAMPLES 7@
AREA%
RY RREA TYPE WIDTH AREAZ

1.894 51262 1 BB ,139 52,74589
3.498 81768 PY  ,288 47.254)1

TOTAL AREA= 173822
MUL FACTOR=!,@0088E+38

- 86 -



APPENDIX B . g
eriy n inetic Model

At the start of kinetic measurements (t = o), there is a known amount of

impurity in the gas phase, y_, and a known amount of impurity adsorbed on

OI
the carbon, ny. As the kinetic experiment starts (t » o), the gas phase
impurity is exposed to the adsorbent and during adsorption the gas phase

concentration, y, decreases as a function of time.

Mass_Balance at Any Time

W dn/dt = —%¥~ dy/dt

where W = adsorbent weight
n « number of moles in gas phase
t = time
P = total pressure, constant
V « total voiJ volume, constant
T = temperature, constant

y = impurity concentratton

Let a = PV/WRT, then
in ., o
dt dt

0551J-1A 8/




AFPENDIX B

(continued)
Integrating yields:
n y
dn = a dy
ny Yo
(n-ny) = a (y-yg) or

n = Ny +a (y-yg)

Rate of Mass Transfer

The rate of mass t ansfer is given by:

%ftl - k(y - P

where k 1s the mass transfer coefficient in units gmole/gm/sec.

(N

(2)

1f the adsorption isotherm is 1inear, then it can be described by:

0551J-1A B8
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APPENDIX B

(continued)

Combining equations 2 and 3 ylelds:

gn n
at - k (y - K)

Combining equations 1 and 4 ylelds:

(y -y
ax n1 + A o
a ot = Kk [y - K ]

ny - ay

- kly (1-a/k) - (————K————Q>
Let b = 1 - al/k
. n! - ay
K
Substitution teaves:
a g% « k [by - ¢]
Integrating:
y t
—dy _ kK dt
(by-c) 2
Yo o

y
—%- In (by - ) y - £ t

0551J-1A 89
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APPENDIX B

(continyed)
Evaluating leaves:
by - ¢ b
n byo . - a kt (5

Substituting values for b and c leave:

byo -C = ¥, - ny /k
and
k

A, b
by - ¢ =« y () - ) - K (n| - ayo)

Substituting these values into equation 5 ylelds:

yQl-a/k) - (n! - ay )
n K o= ke
Yo - n‘/k
or
y(l-a/k) - (n, - ay )
K k-2
In = exp ) kt
Yo - n‘/k ak

Thus by plotting the left hand side of the above equation vs. t (hgﬁ) ylelds

a stratght line with a slope of k in units of gmole/gm/sec.

0551J)-1A 90
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Memorandum | | rroouli

)

To:
From.
Dats:
Sudject:

T, H. Hslung Dept.: PSG Research
]

A. T. Perka Dept./Ext:  PSG Process Engineering/7943
31 August: 1987

Revised Design Levels for Synges Catalyst Polsons Study

ce: A, D. Bixler R. L. Madnick - Chem Systems

D. 4. Brown E. Schmetz - DOE

E. P. Hollozlo. J. Silkworth N. C. Stewart - EPR]

J. Klose ‘ W. K. Weber - EPR}

0. §. Lubbers/G. K. Roberts P. C. Willtamson - TVA

g. : 2‘:”;’ /’t. L. Wright - TVA

. N. Studer
R. F. Reimgr odd. R -4v“~¢ﬂﬁa¥uq

This s an update to D. W. Studer's memo of § June 87 entitied “Preliminary
Design Levels for Syngas Catalyst Polsons Study", reflecting some recently
discovered information. Several entries require comment:

e A new column has been added, showing gas turdine fuel specs. The numbers
here indicate that 'f LPMEOH 13 used in a configuration which also includes a
gas turbine, the lavels of chlorine, iron and nicke! in the feed to the LP
unit will probably have already been lowered significantly to meet GT specs.

® The results from the Shell gasifier POU given In Reference 6 show tron
carbony! levels before AGR in the 0.5-1 ppm range for both coals tested. On
this information the Tron carbonyl sdsorber feed 1imit has been lowered to §
ppm, to reflect a greater confidence in 3 lower amount entering the AGR
system. This value still reflects & considerable safety factor over the
maximum value one would expect given the Shell gasifier data.

e Several new references show nickel carbony! concentrations between
0.004-0.1 ppm, and based on this information the adsorber feed limit has been
lowered from 10 to ) ppm nickel.

¢ New information 6n halides and nitrogen compounds have led to an increase
in thelir adsorber feed limits.

e A range of water compositions is given becavse the value would depend on
the acid-gas remova! system used.

e A second table has been added containing newly acquired information on a
large number of trace elements. It is not clear at this time If all of them
are a probiem for our catatyst, but they are presented here for completeness.

1 hope this updated 1ist of contaminants will be helpful. As before, any
commants or additional input from the distribution would be most appreciated.

92 A. ;. gorka
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TABLE )
R _TRAC NTAMI NAN N_LPMEOH SYNGAS FEED

Destign my
Adsorber atalyss Turbine Fuel Gas

Trace Compongnt Feed Limit Design Limit()) Specs. ppmv ()
Sulfur Compounds®

Ha S § (2)

10 ¢2)

Total Sulfy 15 (2) 0.06
Halides .

Chioride 20 ¢3,8,10) <10

Flvoride 5 ¢(8,10)

Total Halides 0.01
Hydrocarbons

Ethylens, Benzene and

~ Other Unsaturates 2 (B) 300

Acetylene . 1 (8,9 5.0
Nitrogen Compounds

NH3 5 (4,8,9,10) 10.0

NO 0.001 (8,10) 0.1

HCN 6 (5,8 0.0
Oxygen 1800
Water 0-1500 (‘1)
Selexo!l (polyethylene

glycol dimethyl ether) 0.02**

Formate " 49 (B)
Iron, as Fe(CO) 5§ (6) 0.01 0.1
Nickel, as N\(C3)4 1 (6,8,9.10) 0.01 0.1

* Much higher levels have been reported. Limit set based on apparent
economi¢ operating range of guard bed matertals ¢(1d).

*+ Based on a vapor pressure of 0.0007 mm Hg at 77°F., and assuming no
entrainment of liquid.

45261
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ELLANEQUS TRACE ELEMENTS IN LPMEQM Syuese ercn

Trace Component

Arsentc
garium
Beryilium
Boron
Cadmium
Chromium
Cobalt
Lead
Mercury
Molybdenum
Potassium/Sodium
Selentum
Silver
Thalliym
Vanadium

(nlcium

4526M

 TABLE 2

Des? necentration by
Adsorber ataiyst
Feed Limit Design Limit(1)
1 (8,9 Absent
4 (8)
20 (B)
0 ($)
8 (9)
g (9
6 (%)
4 (10)
1 (8,10)
0
0
]

0000

)
a3 Absent
¢}
1 (8
1 (8
0 (6.8 Absent

|
\

00

1

94
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500
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13.

4526H
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