

































































































































































































































































































































































































































































































































































































































































FIGURE NO. C-I

TYPICAL SOLUBLE CARBON
CALIBRATION CURVE

O SEa0 o
s 8‘ eoo®
&
€
Z
_ CARBON STANDARDS PREPARED
%’8_ o % FROM ‘' SODIUM OXALATE
O
=
O
m
&
(& 8i 000
L2
k|
@
-)
-
Q
m )
& Y
@0
o) 0 20 30 40 50 &0 70

PEAK HEIGHT IN UNITS

Z\/p



FIGURE NO. C-2
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dissolve. Dilute to 2 litres. Add 1.C ml of Brij-=35.
Store in a cold dark place. Stability one month.

Standards 100 ng/l

Sodium nitrite NalO, 0.4926 gm.
Distilled water gq.s. 1 litre.

Dissolve 0.4926 gn of sodium nitrite in distilled
water and dilute tc one litre. Add 2 ml of ﬂurlfled
chloroform per litre _as a preservative. Prepare working
stondards in the range 0.0l ng/l to 1.3 nge/l in serial
dilution for calibration. A typical calibration curve
for the analyses performed on lNovember Lth 1970 is shovm
in Pigure C-3. Yo difficulty was experienced in obtaining

a stable baselire and smooth peaks,

3. Total Mitropen Ijeldahl - WNitrogen analyses in

the renge 0-40 me/1 were performed according to Technicon

futo-analyzer.. Industrial l.ethod 30-69A. All reactor

samples fell within this renge. A schematic of the auto-
nalyzer flow sheet is shown in Figure C-4. The reagents

nd standards utilize

[§¥]

in the tests are itemized as follows

Digestion lMixture.

Selenium Dioxide A ~ 3.C gm.
Sulphuric Acid. (conc) 900 ml.
Perchloric Acid 58-709% - 20 ml,

Dissolve 3.C gm seclenium dioxide in approximately

50 ml of distilled JatCP and -add 20 ml of perchloric acid.
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'FIGURE NO. C-3

TYPICAL NITRITE ANALYSIS
CALIBRATION CURVE NOV. /70

NITRITE STANDARDS PREPARED
FROM: POTASSIUM NITRITE -
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FIGURE NO. C-4
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1. 31

Add 900 ml of concentrated sulphuric acid and dilute to

one litre. Iiix and allow to cool. Adjust the volume and

)

store in an amber zlass bottle.

U

odinm Hvdroxide Reasent.

Sodiunm Hydroxide (NaOH) 350 .
Potassium Sodium ”artr“tp . 50 gnm.
¥MaC, ¥, 0~ 24,0 ,

L ! o

Dissolve 350 gm sodium hydroxide and 50 om

(& o

1%

potassium sodium tartrete in about 700 ml distilled water

{

in a one litre volumetric flask. Allow to cool and dilute
to volume. Store in a polythylene bottle. The potassium
sodium tartrate is added to prevent precipitation of heavy

metal conteminants in the alkaline mediun.

Alkaline Fhenol

TT

Sodium Hydroxide, 5NM (400 gm/litre) 500 ml.,
liquified, about 887 276 ml.
Slowly add 276 ml of liquified phenol from a
separatory funnel to 500 ml 5N sodium hvdroxide contained
in a vessel surrounded by circulatins cold water, stirring
the mixture continuously. Dilute to one litre with d

water. Store in a polyethylenc bottle.

Socium Hypochloride.

Any good commercially available household bleach
having 0.5% available chlorine is suitable.
Standards - In orcder to achieve the greatest accuracy

o

from the system it is essential that a carefully assayed

distilled
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nitrogen containing material having the same metrix as the
samples is used for calibration. A 100 mg/l solution of
ammonium chloride was used as a stock solution to prepare

~

serial dilutions for system calibration.

Ammonium Chloride NE,; Cl 3.79 gm.
-
Distilled "ater as - 1 litre.

.

A typical calibration curve for the analyses

el

performed on October 25, 1970 is showvn in Figure C-5.

The nitrate plus nitrite in the samples was

determined according to Technicon Auto-inalyzer  Industrial

llethod 33-6977 for samples in the range of C to 2.0 mg/l or

{

samples diluted with distilled water to fall within this

range. The nitrite concentration was determined separately

h‘j
Jas)

and subtracted to give the nitrate concentration. A
schematic of the auto-analyzer flow sheet is shown in Figure

C-6., The reacents and standards utilized in the tests are

o

Sulfanilamide CgHgl"025 20 gu.
Phosphoric Acid 3P0, (conc). 200 nl.
N-1 MNapthrlethrlenediamine
3 Yoyt A 11 ) - 1T ‘
Dihydrochloride C12“14N2 2HCL 1 gm.
Distilled ater as 1 litre.

To approximately 1500 ml of distilled water add

20C ml of concentrated phosphoric acid and 20 gm of



TOTAL KJELDAHL CONC. AS N in mg. |
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FIGURE NO. C-5

TYPICAL TOTAL KJELDAHL ANALYSIS
CALIBRATION CURVE OCT. 25/70

KJELDAHL STANDARDS PREPARED
FROM AMMONIUM CHLORIDE
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sulfénilamde. Dissolve completely (heat if necessary).
Add -1l gm of N-1 lapthylethylenediamine Dihydrochloride

Dilute to 2 litres. Add 1.0 ml Brij-35.

O]
rs
o
},.J.
v
Q
H
<
[®)
o

Store in a derk cold place.

Stock Conper Solution.

&

Anhydrous Cupric Sulphate Cu30) Q2 g8
Distilled water as 1 litre.

Dissolve 2.5 gm of cupric sulphate in distilled

vater and dilute to one litre. Fo*”!nf coprer solution

was then prepared br diluting 6.25 ml of the stock solution

Stock Sodium Hydroxide 3N :

Sodium lydroxide alll 120 gm.
Distilled 'Tater Qs ' 1l litre.
Dissolve 120 gm of sodium hydroxide in 750 ml of

distilled water. Allow to ccol and dilute to one litre.
Working NaOll uolu’rlon was then prepared by diluting 100 nml
of thz stock solution to 1 litre.

Stock Hvdrazine Sulphate

vdrazine Sulphate UZH&HZSQ& 5L.00 om
Distilled Tater qs 2 litre.

Dissolve 54,00 om of hvdrazine sulphate in 1800 ml
of distillsd water. Dilute to 2 litres. The solution is

xmonths, "orkins solution was then prepared

UJA.
<
o
o
—
®
e
C
ks
9]
PN

br diluting 25 ml of stock solution to one litre. The

when stored in an amber bottle, had a useful



life of one month,
Standards.
Potassium Nitrate | KNO3 ' O.72l$ em.
Distilled Water - qs 1 litre.
Dissolve 0.7218 gm of ! NOB in distilled water and

dilute to 1 litre. -Add 2 ml of purified chloroform per’

‘
.

litre and prenare serial dilutions for standards. 4 typical
calibratiqn curve for_tho analyses performed on September 15
1970 i3 shovm in Figure C=-7
5. Ammonia,

Samiples for free ammonia analysis in the range
'0-10 mg/1l were performed according to Technicoh Auto
Anglyzer Industrial lethod 18-697, No dilution of samples
was required for our reactor studies. A schematic of the
auto-analyzer flow sheet is shownm in Figure C-8., The

reagents and standards utilized are itemized belotr.

;xl‘ -...~llvln rllpﬂ.ol .

Similar to total Kjeldahl analysis.

Sodiun Hyonochlorite

1

As per total Kjeldahl analysis.

Potassium Sodium Tartrate.

Potassium Sodium Tartrate KNaC H 06 2H,0 200 gm.
Distilled Water GeSs 1 litre.
Dissolve 200 gm of potassium sodium tartrate in

850 ml1 of distilled watér and dilute to 1 litre.

. .
“
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FIGURE NO. C-7

TYPICAL NITRATE ANALYSIS /
CALIBRATION CURVE

SEPT. 15/70

NITRATE STANDARDS PREPARED
FROM POTASSIUM NITRATE
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FIGURE NO. C-8
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- Standards.
HHZC‘ as per total I{je 1dahl analysis., A typical
4
calibration curve for the analvses performed on June 19

1970 is shovm in Fizure C-2. Thez ammonia concentration

0]

usually checked closely with the filtered total Fjeldahl

analysis. .
A MNee A ~
Do Gas Analvsis,
The chromatocraphic system used during the
experiments (Fisher Gas Partitioner}is specifically

5

desisned for analysis of mixtures of specifiic zroups of
rases, e.g. hydrogen, oxygen, nitrogen,
monoxide, and carbon dioxide. However, the s
easily be extended to mixtures of other gases by replacement
of the standard columns by others which could separate the

.

The operation of the instrument 1s showm sc enatwc ally

the apparatus contains two chromatographic

*d
o

1 are inter-dependent, since the sence of

one column influences the performance of the other., Zach

&

column has the unique propertiss that are necessary for
theé separation of several of the components of the sample
mixture. In each case the properties of the column are

carefully sclected to give the optimum results with the
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FIGURE NO. C-9

TYPICAL AMMONIA ANALYSIS
CALIBRATION CURVE JUNE l9/ 70

AMMONIA STANDARDS PREPARED
FROM AMMONIUM CHLORIDE
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FIGURE NO. C-1I0O

- SCHEMATIC DIAGRAM OF FLOW THROUGH

GAS PARTITIONER SHOWING TWO COLUMN
- DETECTOR SYSTEM
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- The primary requirement for the system to work
is that at any csiven time only one component should be

is

2

passing through one of the two detectors. Thi:

acconplished by remulvtlon of thecarrier ges flow rate

and the column lensth. A second requirsment is that
the component separated by Coluwm 1 and recqrded by Detector

1 should be absorbed by the second colwan., Thirdly, the

compounds separated by Colunn 2 should not be separated

ok

of 21" of silica gel

in the column 1 position, followed by 13 feet of molecular

A column system consistin
sieve 13¥, the silica gel colurn separates carbon dioxide
from air mixtures while the moleculor sieve column separates
nitrozen oxygén and nitrous oxide while absorbing carbon
dioxide and water vapéur. Using a helium carrier cas flow
rate of 50 ml/min with a chromatograph sensitivity of lOOﬂ
adequate scparation of these gases could be achieved with
a raecorder speed of 1 inch per minute and a sensitivity

of 100 millivolts full scale deflnction as showm in

ko

cure C-1l. The columns were calibrated periodically by

[

a

the injection of knovm percentage nmixtures of gases. A

hip was obtained ‘between area under the

U)

linear relation:

g

eaks versus percent sample concentration for the 0.5 ml

samples as shovn in Figure C-12 for nitrogen sas. Due to
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unavoidablzs absorbance ¢ quantities o

the molecular sieve columns separation of the peals

decre?se¢ 4 checlk s maintained on the effoctivensas of
the calibration curves by running an air sample throuzh
vith'e;ch unknown ges.concentration. As necessary, the
molecular sieve columns were racsenerated by heatinz the
colwms to 400°C in a mu’fle furnice for 2L, hours while
éar”ie? cas was passed throush then,

e Dissolvad Mitroren Analvsis - after SGinnarton et _al.

The dissolved nitrozen concentration vas deternined
by injectinz a 0.5 ml liquid sample into a 40 mm lonz by

12 o - % - M % e . T PR L
10 mm diemeter slass chamber through which helium carrier

N

sc*'*aci from the liquid sample b the helium were then

carried throuch a 3/8" diamoter polyet

7

with 1L to 20 mesh CaSO, which absorbed an

‘.
carried along with the gases. The gasss were then passed
through the same chronmatosraphic colwins in the Fisher

peaks were produced for composite, oxygen, nitrogen, and
carbon dioxide. As shown in Figure C-13, the peaks were
sufficiently smooth to allow measurement of area under the

curve. Comparison with & calibration curve developed fron
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FIGURE NO. C-13

DISSOLVED GAS ANALYSIS, WATER
. AT 27° C

SAMPLE SIZE 0'5 ml.
CHROMATOGRAPH SENSITIVITY 100% .
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CHART SPEED 2min / inch

COMPOSITE

OXYGEN

DETECTOR HEATER

SAMPLE INJECTICN

A L i — 1 il 1 i L

o | 2 3 q 5 6 4 8 S 10
TIME IN MINUTES



vater saturated with air at various temperatures was
used for determination of sample nitrogen concentration.
A

A linear relationship existed between dissolved nitrogen

concentration and area under the peaks., The calibration

A diagram of the flow pattern used for dissolved

nitrogen analysis is showvm in Figure C-14.
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FIGURE NO. C-14

GAS FLOW DIAGRAM, DISSOLVED GAS
ANALYSIS
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