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INTROTAICTION

The Bureau of Mincs, U. S. Department of the Interior, at its Morgantown,
W. Va., station, operating under a cooporatlve asgresment with Weat Virginla
University, is conducting rescarch and development work on the prodblem of
producing synthesis gac from coal, An important palrt of thies work igs the
gtudy of .the gas purification neceesary to meet the rizorous standards re—
gquired to render, the gas sultable for use In the Fischer-']?ro?_sch synthesis
of liguid Fuelg.’ ' T N

Ono of the most detrimental impurities is sulfur in all forms, the maxi-
min arcunt that can be tolerated being cne-tenth of a grain per hmdred cubic
foet, Concentrations as low as this require the use of precise enalytical
nethods to ovaluate the performance of processes used for removing gulfur.

At the game Uime the analytical methods should be rapld in order to reveal
tho Teilure of purification before demsge to the. expensive gynthedls catalyst
resultz. : S :

Altnough suvifur in unpurified gas is generally prosent as hydrogen sul-
fide and as orgenic sulfur compounds, the laticr may be converted to hydrogen
sulfide for analytical pirposes, Thus, @ csuilteble method for the dotermine-
tien of traces of hydrogen sulfide 7By 2lso be used for the dotermination of
organic sulfur. o : : ' -

After an extenelve roview of the 1iterature, 1t was decided that the
calorimotric methylene bliue test appesred to be most promising, and labors.-
tory investigatibtne cmploying & photceloctric colorimster and a apectrophoto-
meter were radc with a view toward applylng thls method to our work. :

SUMMARY AMD CONGLUSTONS

1. 4s little as D.0000L grain of sulfide sulfur per 50.ml. of solution
cor be dotocted by the methylepo dlue test., This emount of sulfwr is edquive-
lent to 0.001 grain per hundred cublc feet when the gas sample is 1 cubic
foot, I S

Z. The reprbdu_cibiiity of thip tept applied to i,deh‘-;ical samfplas is
£0.000005 grain of gulflde sulfur per 50 mk. of galution., .

%. Thie tost has been applied to cynthetic mixtures of cerbon ronoxide
and hydrogon from cylinders. .4 limlted number of té6ts cui coke oven ges,
carburetted wator gas, and blue wator gas indicates that the method is eult- -
able for these games aleo. . o e L _

%, Mevceptens, carbon digulfidb;'and thiophene do-not Interfere, Mer-
captans &0 give a pink color in this msthod, but this efféct is ecliminated W
ths usse of a light source of the proper wave length., . :

5, The preferred absorbent for hydrogen sulfide in thié.‘method is 2
porcent zinec acetate soclution, ' '

L/ "Sande, 4. E., Welnwright, H. W., and Schmidt, L. D., Furification of
Synthesis Ges Producsd from Pulverized Coal: Ind. Eng. Chem., vol,
Lo, 1648, pp. 6O07-20, 7 L
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6. Both the'hydrochloride and the gulfate of p-aﬂdno-dinﬁthylaniline,
in varying cencentrations, were studied, and Aifferent acid mixtures were
uged. Best réclte were obtained Trom the use of 0.15 gram of the suifate
digsolved in 15C wl. of 2:1 HpS80y. This reagent is stable for several daya,
7. The proper wave length for uss with the spectrophotometer ig 745
miliimicrons, OF ‘the gtandard filters for use with the Klett-Summerson
photoelectric colorimeter, the most suitable was fowmd to be red filter No,
66. .

8. A tewt procedurs is Dresented, detaile
serupulously, Samples shculd
of gas scrubbing, The sample
aemine-acid reagent, At high
obtained, probably owing to
is completed, .

of which mst be followed

be tested within 2 hours after termination
should be cocled to 109C. befome adding the

€r temperatures, lower valuez for sulfur ape
springing of hydrogen sulfide before the reaction

9. Low coneentraticng of hydrogen sulfide 1n
rapidly. Wacn the gas contains 0.05 grain of
of a cubic fcot of aa
then 30 minutes,

£as can be determined

sulfur ag Hag, cnly one-tenth
8 need be passed, and the result is obtained in lesg

LISCUSEION

Meny methods are aveilable Tor detormining hydrogen sulf
mwst of these sro either not appliceble to 1oy concen

ide in gas;
the use of large semples of gag that reguire a long

trationg cr require
sampling pericd,

" TLead acetate paper sImploying oither newtral or bagic lead acetate.
soluticn hag long besn used as g qualitative tept, There ig leck of agree-
Zent In the ilteratwres on the sensitivity of this test, probably cwing to
differcncos in experimental conditlons and technigueg empioyed by various
invegtigatorg, The Netional Bureau of Standarde’/ found that 0.2 grain per
Buhred cubic feot 1g the lowest concentration detectable after a 30-minute
¥posure. Lorouzd/ found that the minimum concentration detoctable varied
Eﬁccrding-to the d1luent g2s, belng 0,05 graln per hundred cubie feat in
bydrogen, 0.13 grain in nltrogen, and 1.6 grains in carbon dioxide,
Uesdalal/ found that the lowest hydrogen sulfids concentration glving a
efinite test was 0,012 grain per hundred cubic fect, whercas 0,002 grain
AYe no stain regardless of the amount of gas 1mpinging on the peper,

"Méthads'han'bean proposed by-whiah;the-laad_acetate

“Toch, -

. Paper test mey be
Tade duantitative, but in view of the fdrégoiﬂa data on v
.y Haticnal Burean of Standards,
Paper L1, 191k, L6 po, ' " ‘ :
| » 1931, pp. 1ly-zz,
Truosdale, E

arlances in
57 YeBride, F. 5., and Zdvards, J, D
8/ Loroux, 1, g, {Sensitivity of Lead Acstate Paper for Eydrogen Sulfide):
dour, Usineg Gaz., vol, 55 C
» Co, Bensitivity of Various Temts for
Sulfide: Ing, Enz. Chem.

Traécs of Hydrogen
y anal, cd., wvol. 2, 1830, pp. 299-302,
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gensitivity, these may be guestionsble under certain,gonditlons, The
hydrogen sullide recordsr invented by Momes and Ji1k=/, on the other hand,
is reported to give exscnllent resulis - determining sg low as 0,005 grain
per hundred cuble feot - and this instrumesnt employed a lead acetate-
imregnetad tape, with the stain msasured photcelectrically. This ingtru-
rment?/ is wrobably too cxpensive for many lsboratories ($4%,000) and in any
event does not lend 1tegell to tests in several lOGauiOIlS *wiﬂg tc lack of
portablility. -

Other colorimetric festg include tho ni'troprusside.]:.g/ test end two
methods of Pileld and Cldé.c:h,.].:/ These methods give good results but are
cpen te the cbjostion that sodium hydroxide is used ag an abzorbent. Our
laboratory as vell .as previous investigators have found that such. solutions
are quickly oxidired by the =air, and esccurate resulte refuire rapid end
careful technigus, The vapor pressure of hydrogen sulfide from alkaline
abaorbents, although very low when the sulfide concentration is low, ia -
et111 probably e scurce of orror. Absorbents ylelding an insoluble precipi
tate probably are prelerablo. :

The more sénsitive of the two methods of Field and Oldach determines
the sulfide by means of a spectfrophotometer after conversion of the sulfide .
to bigmuth sulfide, By this method as 1ittle as 0.7 p.p.m. of sulflde
gulfur cen be doterminsd with .r::.'precision of 110 percent. Cur laboratory
cconfirmed the results cbtained by the originators of the method,

Reforences in the literature have claimed that the methyleno blue test
is the most sensitive dest for hydrogen sulfide in'solution. This test wags .
first proposed by Fmil Fischer=e/ in 1833, TVarious inveatigators since '
that timec have studied this method, generally =applylng it to water analysis,
ag, for exampls, sewage and suifur spring water and In soms cascs to
biological matcrials. - ' '

Ir' the wark of Fis cher, 1 liter of watcr containing as little as
0,000018 grar of EpS waeg treatod with 20 ml, of comcentrated HCL, 6,005 gram
of p-sminodimethylaniline sulfate, and two dropg of & dilute ferric chloride
solution. A blue color developed after 30 minutee and was permanent for days.
F1Gcnﬂr apra_'ontlJ propoecd this metnod &5 2 gualitative toot only.

8/ " Moges, P. V., and Jilk, L. T., U. 5. Patent 2,232,02%.

2/ Conwuricﬁ't*on from the Rubicwn Co., Philadelnhﬁa Pa, '

_:_L_g/ Curvie, W. A., JJr., Some Now Methods for the Control of Dry Purifica-

tion, Ges World, vol., 99, 1933, pp. 553-7. ;

_J_.!__/ Figld, .u.., and uldaf‘h C., &., Dr‘tez‘mnu‘blon of Hydrcgﬁn Sulfide in
Gages: Ind. Fim. C‘wm,f. anal. ed., vol, 18, 1946, p. 665. '

l_?i‘/ Fiecher, ®,, {Formation of Mo'thvlf‘ne Blue 2z a Bear"bion to Hydrosen
Sulfide): Ber,, vol. lc, 1685, »p. a?zﬁ-2276 :
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Lindsayééf, in 1901, applied the methylene blue test to the determins -
tion of zulfvr in pig iron, whereby the sulfur was evolved from the iron as
hydregen sulfide and abdsorbed in sodium hyéroxide solution. Lindsay used
the p-aminodimethyleniline hydrochloride instead of the sulfate, as in
Tischer's work, and mede color compariscong with standards in Nessler
tubes, Instead of hydrochloric acid, dilute sulfuric acid was used. As
little as 0,00003 grem of sul?ids-sulfur in o0 ml. of solution was reportcd
to give excellent reproducibility. :

the most thorough study of the method found in the literature was that
of Mecklenburg and Rogenkranzerilt/ in 191k, Their procedurs employed vary-
ing sizes of samples diluted to 490 mi. This dilution vas treated with
10 ml. of concentrated HCIL, 0.05 gram of p-zminodimethylaniline suliate, .
and 2,0 ml, ¢f tenth moler ferric chloride solution. 4 visual colorimeter
was used for comparing colors, A careful #tudy was made of variables affcot-
ing the test. Tt was found that decreasing the amount of dlamine decreaged
tiie celor intensity produced. Temperaturs fluctuations of move than 20g,
vere avolded, as lower temperatures g2ve greater color intensity.. The
presence of other slectrolytes was found to have no effect on coler
internsity. As Ii1ttle &s C.0lp.pum, of HQS In selution could be detected,
‘Three hours vere required to develop the ‘cclor when ths concentration
was 0.2 p.p.m, : ' - : '

Almy&éf, In 1925, applied the tost to hydrozen suifide evolved. from
biclogical zamplss., The hydrogen sulfide was abaorbed in 0.6 pergcnt zing
acetate solution., The resgent used was 0.04% gram of P-aminodimethylaniline
hydrochloride in 100 ml; of 1:1 HCl. The ferric chloride usod wag 0,09
molal, Color comparigons Were made in Nesaler tubes. .

_ Shappard and.Euasongéf_in 1930, applied the test to biological materialk,
using the dizmine sulfate dissolved in 1:1 BCl., No inncvations were made in
the method forx developing the meéthylene blue; the work dealt principally _
with the procedurs for cvolving hydrogen sulfide from the gelatin or protsin.
sample. The evolved HpS was absorbed in alkaline zinc acetate solution,

Pomereyil! 1n 1936, applied the methylene blue mothod to sulfides in
gewage. The rcagent was prepared by dlesolving 20 grams of freghly turified.

13/ Lindsey, W U., 00 @ Colorime ric Meihod for the Estimmtion of Sulfur in

.., Pig Ircn: Columbia School of Mines Guarteriy, vol, 23, 1502, pp. 24-27.

i/ Mecklenburg, W., apd Rogenkranzer, F., {Concerning a Mothod fop the

- Colorimetric Determination of Small Amounts of Eydrogen Sulfide):

., Zeit. enorg. Chemi, vol. 86, 191k, pp. 143-153, .

X/ My, L. H:, A mothod for the Estimation of Hydrogen Sulfide in Pro-
telnaceous Feod Products; Jour. Am, Chem. Soc., wvol, k7, 1925, pp.

- 1381-90. - o : : _ B :

36/ Sneppard, §. E., ana fudson, J. H., Determination of Iabile Sulfur in

© Gelatin and Proteins: Ind, Eng. Chem., Anal. cd., vol. 2, 1930, p.. 73.

i/ Pomeroy, R., An Improved Method Tor the Determination of Sulfides: L
Weter Works and Sewerage, vel. 83, 1956, pp. 275-81. :

o
i
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p-aminodimethylaniline in 100 ml, of “sonéetitrated HEL. Twe, mlr ‘of this c<olu—
ticn wers a.udel.to 50 ml. ef concen*"ru.‘ted HQL_,Oh and LR mt., 01 H, 0 : .

Bu;+on:§f; in 1U53 “was the Tirst 1nvcstig&tor to report ﬁhe anplﬁcation
of the methvlens hlus tes,F to the deterivnaticn of- hydrogen guliide in gau. )
The procedurs of Sheppard ond Eudson was usod +11 deValoping the mthylcne B
blue coler znd for alrorbing Hru from gas, Burtnn ‘made the innovation of
uzing a photoglectric colorimeter for dotermining the color intensity. Thé
colorimeter was fabricated in the laboratory. Sensitivity as low as O, 005
grain of sulf;de qul?ur in 250 mi. of samnle can te detecte&. ;

%nell-gj, in hl? hook on color¢metry, recommends Alnw‘s procedure.~

ThVEbTB:ATLChS AT MOWEANTOWN

”he need for an ultra sonsitive msthoa for deternnnlng hydrogon suliide -
particularly in commeciion with analyses for organic sulfur-by methods in -
which the organic sulfur was convertéd to hydrogen suifide - firet'g ested e
the uge of the mwethylens blue test. The method of Oldach and Fis1d29/ was
tried and found gatisfactory, except that some trouble was experiencad WLtB
the alksline solution of tho sulfide becoming ‘oxidized by the air. Snell's~
mothylene blue procedure {after Almy) used zinc acetate ag an gbosrbent, and-
gz this sgolution has a slishtly acid reaction, it was decided to 1nvestigata
the method. Instesd of using visual color ‘standards-in Nessler tubes, it’
was decifed fo.make use of the Klett-Surmeraon . photoslectric colorimeter.
A callbration curve was-prepared, and results et first appeared to be sat-
isfactory. -After some months, gross discrepancies appeared, end the nocd .
for further inveastigation became obvious. The work of previcus dnvestigators .
wan roviewed and laboratovy testse vere wmade 0¢ Lhelr various procedurea.

Stu&;y' of Va.ria'blos Affccting Met.hod

Effect of Amount of Amine Uaad

The‘ncccsaity for further work was indiceted by the fact that known
sulfide concentraticns falled to give as great coler Intensitics as had been
obtained soms time premously This was found to be ceused by o Iimited ..
deterioration of the &olid p-amincdimethylaniline hydrochloride used in = =
prcpa.v',lng the reagent, It was found that by doubling- the concentration- -«
of the p-aHUﬂoalmstthanlline hydrochloride -golution, the colaor intensitles
wers incr@asea to the valucs that had been obtained previcusly. Thig JIeans,
thet the lbas 'in strepgtn of the £olid amine was compensated for by using.
twice ag mch in preparing the aoid solutionq of the amine. Further 1ncreases
In concentration of the amine eo1ution had no. bffeut._ Resnlts of thase tesﬁr,
on & suwade aolutwor Iollow._ .

18/ Bur ton, M. T., Fnotcc‘olorime‘tor for Detcrmination of Hydrogen S‘ulfide An
Naidral Gass " Gas, vol. 12, 1936, PE. L1, .60, 6?., ; "

19/ - 6nelly ¥, D., end C. 1., CDlOI‘lmEBt‘"lP 'Msmods oF Analysls" D. V&n
Nostrand Co. Inu., N8w Yorh, vol. I, +9j6 pp 595

20/ See Tootnote 1i. )

_2__]_./ See footnote 19.
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Gm., diamine-HC1 Klatt
per 150 ml., =zolutisn reading
0.0% 2er
0.05 286
4.10 ' 3Lo
C.15 Fh

It was doclded to use diamine solutions containing 0.15 gm. per 150
ml, of acid, as, even if some further deterioration of the

golid diemine
were to occur, it would be compensated For by the 50 percent excess in
guantity over the amount required to give a maximum reading.

Comparigon of the Hydrochloride ang Sulfate of the Diamine

Az gome previoua workere had used the hydrochloride salt and some had
used the sulfate, comparisons were made of colors obtained from using thess
salts to determine whether one or the other was prefersble. With a Ziven

. sauple, identical color values were obtaincd with the two salts. With the
hydrochlcride, however, the color dovelopuent was more rapid than with the
sulfate, maximm valueg being obtained within 5 minutes, even for the high

. sulfide concentrations, After reaching a maximm color intensity, the
samples containing the hydrochloride salt faded In color almost impediately.
In low concentrations, this fading was more proncunced. The samples contain-
Ing the sulfate salt do not fade appreciably, even overnight.

' Blank Values

- In conduecting teets, the photoclectric colorimeter ig set at zere, with
& blank in the coll compartment, Oprdinarily, color Present in this blank
% should make no difference, as the instrument ig adjusted to compensete for
this, Using the hydrochloride salt in mking the test results in colors
:that fade, as has been explained., With sarples of low suifide concentra-
lon (when the hydrochloride indicator 13 uscd) the mefximm color ig reached
80 beging o fade in less time then that required for the blank value %o
eCome constant. Thus, a glven lew-sulfide s0mple may begin to fade within
2 minutes, wheroas the blank used for setting zero on ths Instrvment would
Quire a much lenger time to bocome constant, '

It is obviously desirable to use a con

Z8T0 on thg instrument, and yet it ig equally obvious that a sample reading
Not bo taken after L or 5 minutes (in order to read meximmm value) if

L Tor comparison had requircd 15 minutes or more to become

stant-value blank Tor setting

The following data show changes in ecolori
U5 In vhich the hydrochlorids galt was u
8% zero with distilled waten

meter scale reoadings for a

scl, the instrument having heen
in the cell compartment:
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AR %,

Tirme, min, Klett redding ' Tlﬁm, min, % Kletl reading
1.5 ' 16.5 1.5 ‘ 25.3
2.0 b3 2.0 ; 24,0
2.5 2.5 2,5 22.0
3.0 11.3 3.0 - 20.0
3.3 10,0 - B.5 - 19.8
k.0 9.0 S ho 18.5
4.5 g5 - 55 17.8.
5.5 743 5.5 - 39.5
6.5 6.5 6.5 14,0
TS 240 S 15.0
9.5 h.3 9,5 . 12.8

10.5 %0 10.5 10.5
13.5 3.5 125 9.0
15.0 3.5 - 15.0 . 6.5
- 25,0 . D45
N %6.0 4,0

Sk : ] 570 4.0

The tests 2t the two temperatures show that the ‘eame blank yalue is
vltimitely veached, whether the color is developed at room temperature cr
at 10°C., so thad For preparing a blenk no particular attentlon need be
paid tc temperatuvre, Later it will be chown that samples ehould be cooled

to 10°C. or bvelow,

A similar %ost 'm th the “’ul.g.t,e galt of the diamine gave conatant bldnk
values ai'ter about 3 minutes. Thus, especially Tor samples of extremely .
low sulfide contont the sulfate Da‘Lt is to be preferred,as fading does not =
ocour, and, alsc, 'blank effects become comstant almost lmmediately. Thie
reaulis in greater sonokilvity end reproducidbility. - v . D

Temperature - Aﬂi
Me:k_cnburg end ﬁosenkﬁan"erggf stated that tempe%aturc should not vary 5
more than 2°C, in carrying out the tosi and that lower temperature gave o
greater color intensities. C i _ ' . el
The pregsnt authors noted thu.t on dddmg the acid aolution of the L
dizspdne palt, the solution warmed vp, owing to the heat of dilution of the p
gcid. The off reet of temperd.tu“c upon: color intensity, clted above, was o
conflrmed in the prezent work, - : .

The .Lollo'w"ng data, al} for aliquots of = smgle sample, 111ustratc, .
. this effsct: . _ .

52/ Gec foctnotc ih. *_
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Teuperature ©C, befors

j Temperature °C. after
reagent addition | reagsnt addition Klett reading
30 [ ' %0 )
4 20 30 85
;- 15 | 25 g5
20 | 19 500
6 . 15 500

The foregoing date chow that if the sample ia cooled o 10°C, before
2dding the acid amine reagent, a maximum color elfect is obtained. FPresum- -
ably, the higher teuperatures result in a less of HpS owing to the higher
vapor pressure of the HpS from the solubtion of those tenperatures.,

Changes in temperature after tho color is'déveloped have no éffeét upon
color intensity, =o that no precautions need be taken with regpeet to tempers -

ture af'tor the reagent ia added to the sample.

- Interfering Substances _ o . _ X

Snell,gé/ in his book,-repeated the statement of Almwgg/ that mercaptans
do not interfere because they are not abgorbed in zinc acetate. The present.
authors found, however, that ethyl mercaptan is absorbed by eithsr 0.6 or
v 2.0 percent zinc acetate solution, a white Precipitate of zinc mercaptide
i Deing Formed, : ' :

With gthyl Zercaptan present, a pink color.is formed on adding the
d¢lamine resgent, This pink color is different from the trangitory pink
color exporienced during msthylone blue formaticns from sulfides. TInter- |
erence due to this pink colar is minimized by proper £ilter selection (or -
Toper” wave length with thefapectrophutometorJ, go that no'significant=, '
hange in colerimeter roading results,. :
: The pink color duc to mercaptans can be measwred By use of a green
Klett No. 50) filter., A sample containing 0,0008 grain of gulfur as ethyl
mercapten in 50 nl, gave a Klett reading (waing the grecn Tilter) of 199,
le sams amount of moresptan added to a sulfide sample gave no changs in
olorimetor reading when the red (Klett No, €6) filter was uged. The data .
Cllow Por 20-ml, -semples and Klctt No. 66 filter: :

SCe.f‘oo_tno_tg;; 3. o ST o o
8o footnote 15. - -
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Gr. S ag Fol -

GIi S &u CEHJBSH.

0, 000281
. 0.000281 Q. 00 033

0, 000265

- 0.000255 '0.0013h

©0.000057 -
0.000057 0, 0008
o 000561 -

00056L T 0,00086

Klett reading”

25&
198
195
193

6k

6l
555
1455

Simliler teﬂt., wore mado to determino whether ‘carbon disulIi de or

thicphcne, c&‘“'oc'ted fhe methylens blue test.

Gr. S as HaS Gr, S as 0So

0. 000057 -
. 000057 0.0016
0, 00015 R
0. 00015 0.0016
Gr, & asg U8 Gr, 5 ag ({pdL8
. 0.000127 -
0. 000127 - 0.0012 |
.. 0,000127 0.002k
2, 0.000127 - 0.00L8

The foroegoing data show that no apprecisble effect upon the tezt results
merecaptan ¢r carhon disulfide.
approciable offect cxcept when present in a concentration about 4O times .
sulfdden; therr the effoct ig-1to give somewhat lower reeults. '

from the presence of ethyl
that of the

Appli Cr;',hl.l.lty to V&riouo Comercial Gasesg

Data follow: -
Klett reading, #66
51{ . .
- 52
- 166
168

Klett roading
156
152
125 ..
116

Thiophene hag no

It hag becn shc;wn that the cormon typéa of organic sulfur compounds
found in coke-vven gag, &rburctted water 8as, - -and natural gas do not
serlously mfect the teest,

Tt h(.-S been found possible to d velop the 'blue cclor from traces of
hydrogen gulfilde nhture.lly oceurring in coke-oven gas and carburelied waiter
gas, Teste in which hydrogen sulfide wes added to natural gas also gave the -
characteristic reaction. Teshts with thess gases alse showed that no blue
color wasz doveloped when the gas was absolutely free of hydrogen suliide,

Ko comparative tosts were made with these cormercizl gasce to determine
the precislon of the methylene blue method when used on these gages, Such
comparative tests could be mads by using large sawples of ges contalning a
traco of hydroggn sulfide and one of the beitter mothods, such as the iodimetric
method of Shaw, 2 end gmall somples of the same gas with the mothylene blue
msthcd, ) o

25/ Shew, J. A., Rpid Defermitetion ot Hydrogen Sulfide end hercapta'l
Sulfur: Trd. Eng. Chem., anal, ed., vol. 12, 19k0, pp. 668-671.

3165 - 10 -
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Range of Test

The Klett-summerSOn'colorimeter, owlng to its logariﬁhndc scale, gives
better results for scale readings not exceeding 400. Actually, the authors
prefer to work with sampies of such dilutions that scale readings of 100 to

200 result, However, closely repreducible reculte mey be obtained at ss low
a8 1> acale units or as high as 450 scals wnits.

Celor intensitice that do not excesd $00 ascele units on the Klett instru-
went cen be diluted with resulting proportional changes in Ingtrument read-
ing. It is 1ot possible, however, if the color intensity is greatly in
excess of 500 - for example off-goale - +o tring the color Intensity within
range by diluting, as results that sre too low will result., This 1z prob-
ably explaincd by the fact thet an insufflcien

1t excess of reagent is present
in such cases, and aleo by a possible loss of HoS from more concentrated

‘goluticns due to the H.5 vapor pressure from the solutiocm.

Age of Reament

Some previous investigators have prescribed the use of freghly prepared

‘diamine resgent. The present authors have Found this to be true in scme
caseg when working with the more dilute resgent (0.05 gm. of diamine hydro-
~chloride in 150 ml. of golution), However, when the solution containing
0.15 gm. in 150 ml. is used, age has littlc effect on tho reagent, as shown |
in the following data. These data zhow Klstt readings Tor identical -
samples made with freshly prepared reagent and reagents of varions ages
thet had been gtored at roon temberature; ' ’

Klett reading, Klett reeding, - Age of old reagent, - _
. Lreph reagent . old rsegent : days - o
560 560 : DN
X7h 172 . 3
340 ' 335 o 1k
k8o k50 _ -2k

; The forcgoing data show that reagent my be kevt for at least 1 week
and perhaps longer. As & Turther precawtlon, it might be advigable to keep
thg reagent In a refrigerator, ' ' : :

Mo of Sample
"“——--—_....______._.;-_.__

. Doamples usod in this investigation were rrepared by edding agueous Hpd
:golutions_to varlous. gbsorbents for EpS, ag described olsecwhere in thig
Paper, The resulting mixtures wers permitied to &ge over several hours or

8ays, and testis -were run at intervals to determine the efféct of age upon

<. Samples that had aged not cver 2 hours invariably showed no appreciable
Phﬁnse; Those agoed longer hcehaved erratically, gonerally showing appreciable
ﬁeQrG&Ee in sulfide, Storing samplcs in 8 refrigerator somectimes seemed to
rQSGPVE'theﬁg and sometimes logses on eging were not rropoeriional to
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concentration. Wo partiouisr abeorbont for Bof peemed to be better than
enother with recpect to stability on eging, Bamples that had boon_treated

by bubbling hydrogén or nitvogon throvgi them and that had been ssaled nndcr
slight prossire 67 the.3@s ugsd . shoyed. similar eifgetd cn aging. Some of

the yory considerable date toker on aging of samples follow:

- Frosh sampls; o - Agéd samplss, © | Age of
Abscrbent Klett reading . Klett reading - T gample
2p Zodey L . T LIS TR poqe
Dow e B8O 80 b hr,
Do. N - T B Skt & hr,
Do: o SR R R 109 8 hr.
Do... - .. SRR { ¢ B . 350 : 2 hr.
Do. . . B 1 T 2 days:
Q. %% Znfmo o B0 ' 350 - 1 day
Do, 17k 148 1 day,
Do. 370 300 10 days
Doe .0 i 810 Y R 5 days
C. 3% alks CACLy -7 = S 850 . . 2 deys
"Dos T 25 BN '  156_- - -5 deye
Do. uiiio sl e apy - _ - - 3100 - ¥ day
10% alk. Gd#es. © - gk o A8y L 16 he.
Do, .o Tl - 2330 P70 1k hw,
Do. S . 350 : 325, _ 18 hr, o
104 alk, Catl, 135 _ 102 16 hr, ';LStoréd .
10% alk, Cdads . . 176 D 1 ¢ . 12:hr, funder ®
104 alk. Cdaey 288 P - © o 18 Er. ¢ Stored
10% neut. Cdads o - 131 S 108 Ak Ly, [under Np

The Torsgoing data point to the necesslty of working with fresh sampleg
for precire worl, . Although on a peroentage basiz the overnight logscs are
sericus, these actuslly repregent emall losges in actual quantltics of
sulfur; o.z., a loos of even 50 Xlett-geals units represents a losg of
only G.0000% grain of sulfur per 50 wl, of soluticn. I '

" Tha explanstion cf ihig aging of f'ect uporn solutions 1s not clear.
fmonz the theorise considsred have been air oxjdetion of the suliide,
transition to sulfides insoluble in aclid, adheglion of soms of the gnlfide
to the_stqrage flask;_st_vapor—pressure logzes dus to rartlal hydrolysis
of the matal guifides, and impuritiss in the dlstilled water or zbsorbent .
slowly’ reactihg with the sulfide to yield &’ different form of sulfur com-
pound or elerentary sulfur, Leboratéry invegtigations were mdc of theso

theoriez, Without confirmntion,

Regardless of ths cauce of thilg effect upon aging, the coneluslon ig
that_satmlésrmust he analyzed within £ hours for highest precision. Also,
it should bo Noted thet regardless of *he method used for devermining
sulfide'eqlfﬁb”ih_;ow'concentf@tions,:ﬁhisfsaﬁé effect upon aging would
prevail if ﬁhe'Eame”abéorbﬁnth“#qre;ushd. It is only beocause of. the '
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extrems gsongitivity of the muth‘,rlune Blue test that those changes upon

aging ore deieclatle, I would obvi onsly “be impoesible to detect an over-
night change equivalont to 5 Ialﬂt,t scale unite” (0.000Ql5_grai.n- sulfur) for
‘8 50 ml. sample indibetrically. L e e e '

s

Absorbents Tor H:;drogen Sulfide

The prosent aathors, as well as nr¢v1ous investigators, had found that
alkaline soluticns of Eo8 were not stable, being rather rapldly oxidized by
the alr. Tt was desgirsd, therefore, o avoeid the use of sodium Lydroxide
as an apsorbont, if pﬁssfbla, althoug"i Altierlﬁéf suggoats that reagent as
an abscrbeny Tor HoS in the methylens 'blura h,st, AL aet forth in his 'boc;t
on o gas analyeis,

édmya/ used G.6 percent zine acctate af an ebsorbent for Hp8 in his
methylone blue procedure Tor Heb nvolved from biclogical material, ao it
was decided to try the ssme abscrbent Tor HAS in gynthesis gas. Alm'ha.d
gitated that the solution gave complete ab ~Ol’b'b10!1 of HaS and that ccutmued
raseage of curbon uiﬂlda (used 8s eweep £as in his proccdurc) aid not
result In a lcgs of _Im_a.

Tn the presen® work, it wag ‘decided 't;o increase the strength of the zire
aceta‘rc to 2 pawcen’b Lo give 1n(,rf*a.sed agsurance of n.omp'! ete d.bSOl“p't“ on.

_ A saries of experiments was run with 2 percent = nc acetate, var_y:mg gas
rates, and veryinz H.8 concentrations. A.; 2. result, it was conc luded that

in an ordinary gas wishing bottle & rate of as Iﬂ'!.luh 48 1,8 cubic feet per
hour could be used when tha H-S concentration d1d 1ot cxoeed 13505 greine

per hundred cubic foot with complete aboorpiion being chiained, Higher

. sulfide cono: flt.fat_or::' in gas vers not Investigated, beca"usc for =such con-
_céntrations the m«dwﬁry iodimptric methods are &&tleaC tery. Morecvsr, for
hizh H.8 concentratlions, if the nthylone blue method were to be used, the
amourt of gan sanpplo woul'i be so cmall that an extremsly slow rate of gag
could he uc.'! (,ram:,ri vithout unduly prolenging the test,

Tents 'wr"wc ran with cadmivm \,hlomdo and ‘cadmium acetate - both neutral
end alkaline - which were found to give complete absorption and to bo
amenable for zubesquent uege in the me“hy?ens blue teet. Huwever, the cadmiwm
"‘Ga{é;ms,r* give.a heavinr, ICT e rapldly = ettling p"er,lpltf‘*f than does zine
acet tate, and hence ars not zo sai Lszac,tory when it is desired to make dilu-
‘tlens.” Zine acotats yields a prosipitate with HoS that is almest colloidal
vhen Trestily formed. When the white precipitate of zine sulfids firat
becomes appérent, more than cnour,‘l sulfide is present for the mothylens blue
toat, T, Tact, it is newssav-v, vhen a precipitate is *)ercepdble, o

dilute tho ar Iz.ple in order %o aveid exceeding the range of the pl*o*oelectrlc
Colorimsser, '

@"“'Itiewi V. d., C—as 111‘3,8-.1.‘,’:3'.]5 cmd. T(,L ting of Gaseouu gﬁd er"?a.l Amer, Gag
' Abnoc-., Inc,, How York, 1945, .p. *53. -
2eae footnote 15.
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One’ ir@ortant observatlon not, premm;sly men‘biorted in the Lterd.ture

was the fact thet zino suifide adhéres to e sides of the. gaa-wushir-_g
bottles even after ripsing with zinc acelate golution or distilled watér,
Such adhering sulfide is not usual..y perceptible to the eye, but 1T more
zine acctate ic added end tho diamine reagent ie added with color develep-
ment in the washing bottle, an apnremable amount of sul‘f‘ide will be found.
Follmﬁn" are JCBSU cdata illus:tratlng th:.s factr |

Kiett rosding, - 7 7 Flett resding,

color developed in ¥lebi cell color d_evoloped in bo utlé )
“ ' ' 79 S ' . 79
o1
W R M

T‘Io above data are pro'ba.bly exception:s.l, as many tests werce made in
which no sticking ‘to the flask ccouwrred. In the above dnta, note that the
colol duvelcmod in the 'bottla results from the sulTide aahering to the
bottle After rinsing. This sulfide wag not vigidle,

In commection with the 1nvuttiga1:ion of the sample-aging phencmsnon
ﬁ.lI‘GB.d:y' 'ment;one:i, experiments were madeé in which eir and various inert )
gases wers bubbled through zine acetate and other absorbents having knovm
sulfide contents. It was fownd that definite logses in sulfide content

resulted and that these losses Were as great when gas contulning ne oxygen
{clecdtrolytlc hydrogen) wes used as when alr was uged - pro ring that the
logs was mt d.ue to axi dation f onm t‘_ ges atrsam .

One Lheory to oxplain thib 'Loqq was that strippz.ng wus tc.klng ‘place -
that the very emell smoint of fiulfide eoluble in the solution hydrolyzed and
that H.S wag then carried ou+ in the {'ac strcam, .r:.th wore suliide then
going nto sblution. ' .

T"Iis theory ip not 'confirmed b} ‘tho data, a&s the losseu Wwore nou
greater at h;ghow temperatures, and the losses wers noi proportional to the
arptiht’ of stipping gas Lsed, as might be e}cpected with qaLuretad Bolutw ons
cnn‘caining, an excess of the solu'be. o

=

’['_19 :m*'horﬂ wore concerned with thie' so-called "a‘trippmg phohomeﬁoﬁ',’

becausc this would seem to indleate that absorption ‘could not be complete
during motnal tests on gas if an BaS vapor pfcssura eduilibrium were per-
witting loss of Hof in this ma.nner. At‘tampts to recover such suppeged
lossas in & sscond acrubbing bottle containirg zinc: &"'Cbe-trc ¢r cadoium

chloridc wore unsuocessful, pocssibly com irming that trun sf Arping was not .

ccourring.

To ingure thet the eloctrolytic hydrogen did nol contain treces of |
ovygen sufficiént Ao’ oxidize the gulfide, 'the hydrogen in some tests was:
pessed vver hot metallic copper to. remove any. traces: of ‘oxygon. that migh‘b

he present. . ‘ Bl
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A theory that ereenic might be present in the zinc and cadmium galts
nged for preparing thé absorbents and that such arsenic might slowly convert
“the =ulfide to acid-insolnble ersonic sulflde, thus giving lower values. by
the methylens biue test, was proved to be incorrect when a Gutzcit test was
run on the tinc acetzte and no srsenic was found., :

Although those losses, shown in the following data, appear to be
corious a2nd perhaps are a cause of concern from a bercontage-wise intee-
pretation, the actual losses, in terms of graine Per hundred cubic feel,
are gonerally nezligible, even for the rather exXacting requirements for
tests on purified synthegls g=s. Thue, if the logs =fter bassage of 1

- euble fook’emcunts to 25 Klett units {generally the loes does not excecd
this Tigurc), this loss is cguivalent to 0.000015 grain of sulfur. TIn terms
of @raing por mmdred cubic Teet, this cmounts to only 0.0015 grain, ¥For
the teceta in vhich mors than 1. .cubic foot of ga8 vag passed, the lozg is
everi- lees, Thusg,.dn cne test the loss when 10 cubic feet of nitrogen wore
pageed wag 52 Klett units, equivelent to 0.0000k grein. For 100 oubio
foct, this world equal 0,000k grain of sulfur, Scme of the dats follows.

. : Original Klett reading after~
Abgorbent . Gag-ueed . Klgtt reading Lecu.ft, - ' 10 cn.ft.
1% ALk, GaCl,. | Air 35 B
106 Alk. Q&G Ho : - P9 - : 17
10% A1k, Cdaes | ASr . agh ' - 174
106 Alk. Cdieo. H - S 1sh S : 176
10% Alk. Cdficy, | N, S o - . 288
Znic., Hs . 202 _ - 155
Znicq b Afr b 100 - a2
Zrdn, H, i 260 pp5 e
Znﬂnp | Nat. gas 2ho . - e2h
ZnAcn ¥at, gas 1%% 130 -
- Zufo,, ' Kat. gas -~ 1k |12l -
0 Infes '- Alr 28k R 209
Zne., 1 e | 83 oy _
: koo | wet. gag | 286 { 260(10%.) |
200 Zndo, ! et gas | 286 | 260(35%,) |

IR this fost,” clectrolytic hydrogen wao passed over hot copper to remove
traces of 'oxygen. S S :

EEEEE§§LHDS-Cdﬁdentrations in'Gas Detormined by.thila Methéd_

. There ore two limitations on- the minimum concentration of HaS in gas
ﬂt*this method can dstermine. Une of these iz the sansitivity of the:

St the other 1s the fact that if the HoS concentration is axtromely low,
"o 828 sarple is required, and this will result in Turther losz of sulfide
oM the detormination by the so-called "etripping" phenomenon, Un the othes
UL is probably true that with the extremely low H.8 concentrationa,
33'"Stripping"‘loss will ccour,.
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Asgume that it is-desired to obtain a Kleit realing~oi 100, This'is
cquivalent Lo 0,00006 grain of gulfiur per 50 ylyofyeclutions I 10 éubic -
Teet of gas were pessed. in ordertto'éQllect*tﬁiS“ﬁm&htSulfur,ﬂthen the sulfur. -
in the gas mist have been 0,0006 grain per hundred cubic:feet, " If the
Metripping” loza was G,00L grain per widred ¢Gubic Teel, then the true
value would have becn 0,001 grain per mndred cubic fest and the ervor 40
rercent - 2 gerious error when congfdered frém & standpoint of percentege,
but not in terme of actual quantity of sulfur (0.C00kL grain per hundred
cubic fﬁet):. . Lo i e o B

If the exror-is tc be reduced to 10 pertent, then when = 10-cubic-foot |
sapiple. ig uscd the trus sulfur ¢ontent would have to be 0.00k%, Cf course,
such & sample wdHild have to be diluted tenfold to reduce to the =suitabdle
range for the Klett instrument. MNote that in thd previcus roascning, the
"stripping” lose was assumed to be 0.000L grein per hundred cubic feet. . .
Actually, fhis probably represents a meximum Icss and usually will be auch =
less. I0thig "stripping" loss wére -canstant, sultable. corbostion’ could be
epplisd, . However; the data show that the loss is erraticy’ so that only &
mayimum value for loge cen be assumed, : : o

If ‘higher accuracy 1s required; for, cxample, 1 percent, tho- minimm

.. »

sulfur concentration that could be deterkined with this precision would be,
0,0k grain per hundred cubic Fest. The Trecision of the method, so fer.as i
reproducibility of color Tor identical sulfide concontrations is concernicd,

is high, as cvidenced by close proximity of peints to the calibration ' °
curve, . It should be noted that deviations from the curve, to the extent

that thoy ocour, are due to discrepencies in the calibration technique, . .
such as togges of HoS from the agqueous ‘solutions, errors in the lodimetric L
titration, ctc. On identical samples, when the procedure is followed = B
carcrully, virtually identical readings are obtained. 3 '

¥ave Length and Filter Seiécvtion

This work was begun befors = spectrophotometer was aveilable in th:_ef_ v
laboratory, and wori was.done with the Klett-Summergon photdelectric S
colorimeter. Hence, filter selection was mede empirically, snd the filter c

that gave begt roeulfs vas selodted Trom thowss on hand. XKlett filter Wo.

62 was found %o bo the best of those available; snd mush work wég doric with
1t. ZLator, when the Beckman spectrophotometer becams avallable, a o =7
spectral -iransmittence determination of the solution was mede, and the N
optimm wave longth wae foupd ta:be 7S . md1limterons (fiz. Th . Using ...i .o
this wave length, a calibratipn curve giving percent transet ttance for T
varlous concentrations was prepared {figs 2) Actuelly; with.a spectro-" 7 :
photomoter, .only one: point other than- 100 percent transmlession is required ™ - -

to prepare: & curve; additional points-were plotted, however, to prove that ' |77
the Lambert-Beer law applied, . The deviations-from the curve for individual

points, although apparcnt, are yeally of ' small order of magnitide, Tuese : .-
deviations dre notivcable, becauss tle. sensitivity. oft the  instrument is mch .-
groster than the atecuracy possitle in the preparation of standaxds. ~ o 7
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Figure |, - S-T curve of methylene blue.
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With Imoviedge of the optirum wave length it was decided to obtaln
additicnal [ilters for the Klett-Summerson wmr*::teuer in ofder io use a
more neavly cerrect wave length, When thesc were obtained, filters €6
(650-700 millimicrons) and 66 {(EB0=Th0 millind crons)- were tegted. Filter
€9 ghould have spproximated the optimum vave Length asdetermiried by the
gpwtro":anotome ter, but :C!ett;read.inﬁs cbtamed with thid £iltor were lower
than those obtained from Ne. &6, which. cupposedly approximated the other .
nimnnm r:nr the apec’rral tranemﬁsion ourve.-_ Acc:ordm&,ly 3 fil‘-ber 66 ma&, ‘J.bﬁd —f_
for the ”LHTJH{E& wo“ A T " '

v 5

Ir, ,:.hculd he no’red that *{:he cu,lﬁ'bratlon chrve Tor the ICi_e L.t Sumerson
colorime ter ( iz, j) is ineluded i1 this Feport’ for 1liustrative purposes.
only.. Other 1abor9towleu naving thig 1nst“umsnt ehonld prepare thelr own
calibraficn cwrves, as theve ey Ye diFY eronces ‘in the -filters or . insh
',ments ‘that would give: difforsnt resilts, I & filter ‘bccomes broken: amd
has ¢ be roplaced, the calibrat ion should be repeated, Resu" ta apprem mt- S

ng thoso in f‘iam:t'e 5- r.:hould be cxpectcd, b.c:wew-r. Co e

S
Sy

’“h cal:l'b?“&tic*n cur*’e given es Tigure 2 and ‘{:ho spocfral ﬁwa,nsm,ttafce -
cu,:ve given ds f:.gure 1 shoald be I‘e}_JI'Od.L’LC.Lblt’ with any Beclcman spcctrc--
photom-:,r. T ; . S .

H -

Lo .0 - Procedurs

_20. ~oer&;én‘t pA inc ace't::ét;e' aduecus solution,

2 percent Zing auetatu agueous soluticn rade frdm the 20 perdcont _
“Einc mcetate.  Acidif ity each. litor with approximstely  three drops - @ -
o¥ accetic acid, e : L S

cid-diamine indicator - 0.15 gm. of p-aminédimethyleniline sylfate -
dizasolved in a mixture of 100 ml, of concentrated swlfuric acid .
" and 50 ml, of water Whlt;h h?s been cooled previous],v to mom

: uemoera‘ca:e. . '
Tarric chloride. solut‘on -2 '{ gm. of ft.I‘I‘lb chlomde he}'aha drate
dlggolved in 50 ml, of Conuﬂfltr&tbd h;yrdlochlorwc a(,ld E’I_Ld dilu‘ted
“to 100 mL, with wate“r'

"iO.l ) ;lene.'f A
eI A I\I‘.-eoﬂﬂum th oaul,a.'le. :

- Btarch 1 @tor solutlon. e R
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Curve. Callbration: -

Standard solutions containing 8 known amount of hydrogen sulfide. ars
prepared in the -following menrer. Pipotte 500 ml; of water into a 600 ml.
beakel. 'PaSS'bétWEéﬁ75 aﬁ&*BOﬂbubbles_pf'hydrogen!sUlﬁidesgas Trom a -
cylinder, dopending on the soricentration desired, into. the water, with
vigorous stirring. Pipstte out 10 ml. of the hydrogen sulfide solution and
place it in a 1-liter volumetric Plask containing 100 ml. of 20-percent zinc
acetate, about £00 mi. of water, and 3 drops of acetic aclid, Make up the
golution to volume with distilled witer; Thmediately upon withirewal of the
10 mlL. portion from the beaker, pipette 20 ml, ;of "0:1-N .iodine into the
vemaining 90 mii of hydrogen sulfide sclution, Back-titrate the sxcess
1odine with 0.1 N sodium thiosulfate; using starch indicator. Calculats
the graing of sulfur presént in 50 ml. .of - the zinc pulfide stendsrd solution..
A1l -of %his work should be done ag quickly as possible. o o :

“The methylens blue color is developed in the following mermer. Pipette
50 ml, of the stendard zine sulfide solutlon into & 20- by 40-mm, Klett cell
and codl the solution to &t 16255-109C. in an ice-water bath; ‘add 5 mi; of
the acid-diamine indicator; stlr gently; add 1 mi, of the ferric chloride
solution; again stir gently and allow to stand between 15 end 30 minutes
pntil moximmp color development has taken place. Prepare a blenk gimilerly. .
Use a No. 66 £ilter in the Klett-Summer son photoelectric colorimeter and
zero the instrument with the prepared blenk. Flace the cell conlalning: the
color development in the inetrument, balance the galvanomoter, and read the -
scale; which is in Klett wnite: ' Freguent reblanking mey be necessary, ..

Propare & graph, plotting Klett units sgainet grains of eulfur per.50
ml., from a collsciion of about 10 separate stendard determinetions. These
points should result in & straight line. AL -

Determination of Thknown Solutiont

TUse a wide-mouthedﬁbottle,-sontaining,50.ml. of 2 .percent zinc acetate
in which the hydrogen sulfide is to be absorbed, as a bubbling bottle. Pass
the goe through the bubbling hotlle mtil a2 faint turbidlty forms in the zinc
acetate solution. Then wash. tho comtents of the bubbling botile into a
1itor wolwmstiie Tlaak with 2 percent zine acetate.  Rinso out the bottle
carefully soveral times. Devolop the wethylene- blle coler as described
under curve calibration and observe the Klett reading. If the color
develcped produces a reading of wors than 40O Klett units; makc 2 sultable
dilution and egain develop the coler. &pply the Klott reading to the

‘graph to determine the amount of sulfur, incorporating the proper diluticn
factor. Add 50 ml. of 2 percent zinc aceiate to the proviously used bubblig
bottle and dovelop the color in this bottle:’ In 15 minutes {ransfer the
sontente to & Klett coll, take a reading, and calculate the amount of sulfur
Jn the game merner as before, Add the two determineticns to obtain the total
amount of sulfur in the gample. If it is inconvenlent to obtaln a paxple
containing this ruch sulfur, smller dilutions may be made, or the color cen
be developcd completely in the bubbling bhottle,
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The distilled water uzed throughout this method migt be of good quality.
The distilled water suprlied to the laberatory in which this work was done
was inferior, and it wag necessary to use triple~dlstilied water,

- 15 - 8




