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author, '

RAPID RADTOMETRIC DETERMINATION OF POTASH IN COMPOUND

FERTILISERS
N By Dr. C.K. SOHEEL |
. ' | (Guano Werke A.G. - Lubeck - Danischburg)

The possibility of determining potaseium radiometrically 1=
based on the natural radio-activity of pogaﬂaium. It 18 well=~known that
potessium coneiets of three isotopes, the percentage quentities of whioh
are a8 follows: ‘ | ' '

g 93.260%
S 40g - 0.,011%
o Hg  §,7008

0f the above, only %% 1a radio-mctive.  Tts half-1ife 10
Eariod‘amounta‘to 1,26 x 109 yearE._ About 12% 6s-oonverted into "TAq,
hrough sbsorption of the K atom. and 88% into 4YCa through beta-
gartiole emlssion, Jeveral reports (see references 1 - 7) in regard
o the basic principles of the method of determination have been
published. The principle is very simple; the impulses of the radio-
aotive ipotope registered by the counter tube are counted for a glvean
eriod of time.  As the proportion of the isotopes in a natural
.Eotaah salt is invariably constant, the nessured activity represents
a measure of the potash content of the sample tested. s

ACCURACY OF MEASUREMENT ;

- The first question asked in connection with & new analyticel
method 1s usually the following "Whet degres of accuracy oan be obtalned?!
In the present case, the question cannot be anawered in ao many words.

By comparison with %he conventlonal methods of chewical anelysis, which
requirs tha practice, gklll and care of the enelytical chenist, %he
operation of the radlometric method is very simple end anyone oan
quickly master the technlque and produce accurage results. In thia
case the accuraoy of the results depends on other quite different
conditions. ' ‘

STATISTICS:

: The sponteneous nuclear changes have the nature of a atatistical
procesas it 1s imposeible to predict when a glven nuclsus will oh&ange;
only the probability of the change can be determined. It is clear that
the greater the numbsr of stoms in the seuple dand the longer the observa-
tion time, the gremter the probabllity and therefore the more accurate
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T ABLE
) Net Imp. gra- radiometr.
Sample min vim. with counter tube
5. TO] 20§ #K,0 K, 0
_ 5. 10. 20.
Crude Salﬁ%
Violetter Kainit m. _
Heotoose 242| 2551 248| 4.2 4,1 4.3 4.2
Empelde 267 241 4.0 4.5 4.0
Weissgraues Hartsalz 778| 784 792 12.8 .| 13.2 13.3 | 13.4
Heringen 787 7199 . | 13.0 13.3 | 13.5
" Hartsalz 772| 780| 782] 13.1 13.1 13.2 | 13.3
Friedrichshy il 7881 1784 13.4 13.3
_Begleitflbz— - | | |
Carnallite 668| 665| 663 10.8 11.3 11.3 7| 11.2
Heringen . 662| 662 1 11.2 11.2 11.2
Carnallit 576 .580] 576 9.9 9.8 9.8 9.8
Salzdethfurth 5841 573 9.9 9.7
Blauer Sylvinit ' .
 mit Kainit 2930 2931] 29301 49.6 49.4 49.4 | 49.4
. He'ttorf 2932| 2930 49.4 | 49.4
- Orangeroter '
Sylvinit 1424 1431} 1431 24.2 23.8 23.9 | 23.9
.. Siegmundshall 1438 1431 24.0 23.9
Sylvinit 1338 1326 | 1322 | 21.9 22.3 | 22,1 22.0
| Friedrichshall 1314| 1318 21.9 22.0
Sylvin 3520 | 3544 | 3528 | 60.3 59.6 60.0 | 59.7
Ronnenb®erg 3568 3512 | . 60.4 | 59.5
Crude Salts 1496 | 1477 | 1468 | 24.3 25,0 | 24.7 | 24.5
Spanien 1458 ] 1459 24.4 24.4
Finished Products .
Potash Fertiliser [2576 | 2564 | 2565 | 43.6 43.6 43.5 43,5
Salt 0552 | 2565 ; 43.3 43.5
Potash Fertiliser [2944 2927 | 2913 | 49.4 49,9 49.6 49,4
Salt 2310 | 2899 | 49.3 49.2
Potash Pertiliser |3236] 3221|3209 |[54.4 54.8 546 | 54.4
Salt 3206 | 3198 | 54,4 54,2
Potash Fertiliser | 3492|3474 |3477 |59.2 59.2 58.9 | 59.0
Salt 3456 | 3481 58.5 59.0
Potassium 2912 | 2899 | 2910 | 49.5 49.3 49.1 | 49.3
Sulphate 2886 | 2922 48.9 49.5
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Ré,diometric determination of KZ'O in Compound Fertilisers

1 H )

N PN . (s T ol =4 o B
' P205' for ¢ radio, grav,

{Phoskali . N B . : | :
14 x 14+ - 14.5 |36.1 |57.2|21307 | 783 - 13.7 | 14.0
12 x 18+ 12,0 |36.1 57.2 | 1472 {1039 - 18.2 | 18.0
10 x 20+ 10.5 |36.1 |57.2]1535 |1156 - 20.2 | 20.0
9.7 x 31.6+ | 9.7 |36.1 |57.2]2141 [17%3 - - 21.4 | 31.6
{18 x 20 10.3 |37.8 |57.2|1514 |1124 - 19.7 | 19.6
il12°x 18 12.4 |38.8 |57.2|1462 |-981 - 17.2 | 1649
16 x 8 -17.2 |40.6 58.0 | 1166 | 468 - 8.1} 7.9

An-Sup-Ka. | .
7.8 x 9 x 9+ 9.5 |38.1 |58.0} 853 | 491 524 9.0 | 9.0
'15.8 x 9x15+ 9.5 }38.1 58.0 | 1188 | 828 862 14,9 | 15,0
3x10x15 |10.5 |37.4 |57.2|1221 | 826 | 644 14.7 | 14.5
13 x10x15 |10.7 |[38.1 |57.2]1229 | 822 840 14.7 | 1447
7 x 115 x17 | 12.0 |36.3 58.0 | 1403 | 968 | 1017 17.5 | 17.5
8 x10xi2 | g7 |[38.1 |s8.0[1100 | 731 | 775 13.4 | 13.5
|8 x 12ix25 | 12,4 |36.1 |57.2|1256 | 808 858 15.0 | 14.8
118 x 12 x 15 12.3 |36.4 57.2 | 1284 | 836 | 887 15.5 | 15.2
Jox7%9 7.5 |39.6 |58.0| 308 | 511 .| 551 3.5 | 9.4
lox9x15 9.9 |38.2 |57.2 1233 | 851 906 15.8 | 15.6

. +) Laboratory mixture with KCl (pure analytical) K,0 content cal.

++) Correction = Imp/M net, 4% N
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the prediction, Now the mean statidiical error aocordlng to the milanm
of probabllity 1s given by
L 100 % *
e JEY
In order that this analytical method occn compete with the
usual methods, the time of measurement must be kept as short as pnesible
and thersfore N must be mas large as poaaible, Because of the very

low activity of potesslum, the largest pogalble counter tube muet ba -
uagad,

It ism . true that ver% large F-ray emisslon recorders have been
known for sometime, and have beon used with guccess by W. anz (4) for
the determination of potasaium. However, in the case of 4VK, 14 beta-
Tay oonversions correspond to only one -ray ewlssion, and &8, in sddition,
the probabillity of registration by the %—ray recorder amounts to only

4% in the optimum oase, very large guan ities of ealt are required when
conduction measursmente (Lubtz used 20-30 Kg). Thie restricte the
praoctical application of this method to ceses where the large quantities
required are available to the analyet, as for exauple in the came nf the
measurement of bore-hole sdiiples in potash wines, ,

If it 18 deslred to work with the smallest possible samples,
only the oounting of bata~particle rediation is precticable.  There 1g
8180 the sdditicnal aedvantage that, owing to the reatriotion of the
path of the beta-perticles 1in the 8alt, - about 4 mme - it im posaible
to use an "indefinita layer" 1.e. & layer the increase in thicknesa of J*
which would not result 1n an increase in the number of Impulses, Henc
measursinent is independent of the walght of the semple and welghing is
unnecensary.

In order to develope the radistion method into & rapld one
which can compete with existling chaemioal mathoda, it was negassary to
produce sufficiently large B-ray counter tubes,

Thenks to the progressive work done by the laboratory of Prof.
Berthold, Wildbad and the dentrolwerketatt G8ttingen, G.w.b.H, ,G8ttingen,
wWo now have at our disposal aluainiug counter tubes, suitable for works
use, 200 mus long and 30 mns wlde, which have Invariably given excellent
resulis in practiass. Following closely the method developed by Geudin
and Pamnell (6} the counter—-tube ig bui{t:into o #teel ohember with walls
30 mms thielk, mounted on a awlvel (method ahown in 1ilustration 1),
The selt to be exnulned is Doured into the annulus between the counter-
tube and the walls of the stesl chamber, ATter exemination, the
chamber is tipped and the salt pourad back through a funnel into the
S8ample bottles, (nly when examining eelts with a highly varying aonter' -
18 1% necessary to remove the counter tube for cleaning, '

What acouraoy of measurement can be obtained with this method?
For an effective surface of 90 84. omsg, and a density of 1,11 gme/co,
the "active gquantity" of pura ground Kel exposed to the beta~ray counter

tube 18: 90 'x 0.4 x 1.11 = 40 gma, Kel, 40With a content of 52,44% K
in pure Kel and a proportion of 0.011% of "“E, only 2.31 mzma of the
~actlve isotope is contained in this gquantity of salt., If one remembers

that only half of this emsll quantity had dlaintegrated after 1.3 millierd
yeare it appears asluost inoredible that at any given moment we are able to
ggaw conclusions, from the disintegrationa,us to the concentration of

K and hence that of total potesh.

In order to understind thia po8sibility we must remember IBEt
according to the Logshmidt factor, the emall quanféty of 2.31 ngma 4%
contains €,023 x 10<3 x 7431/40 x 105 = 3,48 x 10 ajgme. 1§ the
converalon conetant for OK for B-ray emission is 9- x 10 = atom

Note: * It would appear that "F" ig the probabllity of a nuclear
chenge ococuring exﬁreaaed 83 4 peroentage, and that "N" 1p
he nuubsr of impulses recorded in a time T.



+ - '3 - LE/804/4/0

40g /min then this i3 the fraction of 40y atom which chenge averg 19
minute. FO{ ¢ sample quantity of 40gm of Kol, this means 3,48 x 10
x 9.12 x 107 6 = 32,000 changea per minute. In practise, however
our beta-ray emigsion counter tube withpure Kcl phowed only B,SOO
impulses per minute, and hence recorded only 11% of the disintegrations
Thfs low value 1s ceused by the fact that owing to the geometrioal
arrangement of the aelt on the gurface of the counter tube only half

of the dlsintegration producte are effectlve and that a conslderable
portion of the genarated electrons are logt through absorption in the
layer of salt as well a8 in the walle of the counter tube.

+ Acoording to the proceediny formula & mean statigtical error
of T 1.7% ie obtalned wlth 3,600 imp?min., or. sonverted to K,.0, an error
of ¥ 1.1% K.,0, walch means that our values will vary on an a¥ rage
between 62.% - 64.,3% 1f the meapuring time 18 ragtricted to 1 mlnute.

In view of the fact thet the error is a "probeble" one, individual
values will vary still further plua or minus. If we wish to obteln a
more accurate recult, we muet prolong the period of meagursment when

the error is reduced in proportion to . I+ is advisable to adopt
such o period of measurcment as to make 1t posesible to count about
10,000 impulees; then n statistical error of + 1.1% 1s obtalned. |
Leoording to the K,0 content of the sauple, the measurement takes 5 -
20 minutes; 1n ord%r to ensure that the value obtained - whioh after all
only representa a "probable" valus — does not lie outside the statlistical
error, it 1s imperative to repeat the memsurement. 1f the second

value ip very much outside the desired 11mit of error, measurement must
be repeated for g third time. Prectice has shown that two or three
measuremnents each lasting 5 minutes are sufficient for high grede potash
palte used in our induetry. When exsmining compound fertilisers - on
this matter we propose to subult a special report at the end of this
peper — the period of individual measurements should be increased to

10 minutas.

We have drewn epeclal attentlon to the influence of the
ngtatistical aepect" on the error of measurement, because hereln lles
o special characteriastic of the meagurement of radiation not found in
the chemical method of enslysis; this charascteriatlc must not be
gverlookad.

OTHER SOURCES OF ERROR

It is not poeuible to incremse the acouraoy reguired by merely
making the atatistlical error &3 gmall as possible, 1.e. by the messure-
ment of a sufficiently large number of particlea. It hes been Bhown
that as the counter tube surface is increased, it 18 difficult to
obtain an accuracy greater than = 1% For +his practical limit &
aumber of factors which have already baen reportad %B) are responaible
and only a summary of which will be given hera,

CHARACTERISTICS OF CCOUNTER TUBES

As compared with Gelger counters, beta-ray emission counter
tubes shown an increase of 5%, 1.e. the indicatlon of the impulses
depende to some extent on the worklng potentinl of the counter tube
an operationel error of 10 volte results in a measurement error of é.S%.
I+ is therefore important to reproduce as olosely as poseible a ptan-
dard method cf operation.

INFLUENCE OF COMPOUND COMPONENTS AND SIZE OF GRANULE

At the beginning of our work we found & alightly higher
impulse rate (Imp/#K,0) when exsmining crude potash palte than that
produced by fertilisgr palts. Wo magumed et the Hime that thic wasg
due to the presence of a second radio-active substance. In the course
of further research when & large number of the most varied potash
depoalts were examined, it was found that the varlations in crude salts
were 1o he ettributed Lo two different ractors. Jontrary to the
statements in the literature the physloal form of mixed componenta
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influences the result to a 8light extent when messuring the emount of
beta-radiation. In illustration 2 for exampls. , the atandardisation

of the beta-ray emiseion counter tube 12 made with mixtures of KGI and
Nac¢l. With medlum Nall content, & small deviation from a atraight line
relationship 1s obeerved and this amounte to about +0.5% K.0. As this
deviatlon was considerably greater when sodium fluoride wag added, (i,e.
with & higher modium content in the mixtume) while other componente such
ad Kieaente or sand, in the mixture had no effect, it would appear that

the cause wag due to & apscial property of the sodium ions when exposed
to beta-raya, | '

The measurement of‘potaah falta asgoclated with various gnions
showed the following velues:-

Table 1

Substance | Theoretical . Impulses |Measured K,O & Difference
, ;K?O Content % | per minute ] gontent J .
B Cr,0, 32,0 1924 220 | 32,4 T g.2 |+ 0.4
K0, | 2.8 : 1806 % 16 1 30.4%0.3 0 +o0.6
KMo, 16.6 2751210 | 464 0.2 . - o0.2
E,80, 54,15 | 3200 x 10 - 54.0 £ 0.2 [ - 0.
B |

As will be seen from the above table it would appear that the
tﬁpe‘of anion has some effect on the result of the estimation, This ehows
that 1n the accurate determinstion of potassium by beta-ray emmimsion
measuremsnt, especially. in mixtures, account must he taken of the enions and
cations, Although this 13 not importent with the relaetively pure potash
s8alts used 1n our industry, it 1s not @so when dealing wlth compound
fortilisers as will be shown later. :

A further and very interesting fact is that a varietion in size
of the greanules exerts a oonelderable effect on the result of the megsure—

mant. With increasing granule size, an increased number of lmpulaea ia
reglsterad, '

Tabls 2

Size of . Pure KC1 2 . " Mixture of KOl + NaCl %
Granules Quantity of , Net 1 ‘ ] : o
‘ Quentity of | Net Impulses
(mm) 3 Semple (gme) ;ggﬂii;j | Sample (ama) [ per min,

Moulded - I ! ' ,
hollow 343 3856 | 3.8 - 1949 3.2
cylinder ' ,
1.2 to 3,0 | 219 3870 ‘4.2 229,1 | 1965 3.9
0.4 to 1.2 237 " 3755 1.0 - 180T - - 1,0

0.4 257 3716 !o.o 251.1 | 1889 ! 0.0

! ; T i {
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o shows & particulerly instructive palectinn
o test thlg effect. With the aid of
o gteel mould, a hollow cylinder of pure K¢l wae moulded which could be
stved tightly into the epparstue.  As shown in Table 2, the net value
»f the impulses of the oylinder is about 4% higher than that of the seme
alt reduoed to a grenule slze of 0.4 mms, Ths same phenomens can bhe
demongtrated with a mixturs of equal paris of K01 and NaGl.

The foregolng tabl
of the numerous measurements made +

Phet the increase in actlvity with an Increase in the size of
the granule ocsnnot be attributed to an additlonal maaaurement of gmmma

radlation 1s shown by the faot that 219 gmp of the coarse potegeiun chloride
atorial showed an. increase of 4% in the Impulses an conpared with 257 gne

of finely ground salt.

At the moment we ere not able to glve & definite explanation
of this effect, is far as we have been sble to ascertain, 1% 1s
robably a question of the influenoce of +the sizs of the granule on the
ﬁefleotion of the beta-rays. For exact mespurement, attention must be
paid to the slze of the salt granules, which should be uniformj to
obtain this, the salt semples are usuzlly ground to a finenesse of
gpproximately 0.5 mme, S0 that it can be rsadily poured. Compound
fertilisers are passed through e sleve wlth o 1 mw mesh sBorean.

RESULTS OF MEASURING VARIOUS CRUDE SALTS AND FINISHED PRODUCTS OF POTASH

Tn order to tast the usefulness of the method a very large

number of orude aalte and finished potash producte were exemined . In

cage of Sylvinite, i.e. crude potesh salis containing only rock salt
impurity, only & small correctlon of the standard curve for potash
content hes to be nade, In order to eecertain whether and how far 1%
would be worth while to inorease the period of measurement, measurements
laating 5, 10, end 20 minutes were carrisd out. Table 3 shows some of
the regults of thesse measurements. This table reveals that diffarences
larger thean + 0.8% between radiometrlc and gravimetric eatimat;ona do not
ocour. Tt has &lsc to be remembered that an error of about - 0.4% has
to be allowed for in the case of gravimetric analysls. On =n average, the
differsnces amount to about - 0.2% Although a oareful atudy showed
that the differences wers somewhat amaller wlth the 10 minute values of the
estimates, the accuracy of the 5 minute astimute 1s adequete for moet worke

purposes.
PESTS WITH COMPQUND FEATILISERS.

The firet experiments carrled out some years Ago oL the deter-—
mination of poteah content of compound feriillieers by the rediometric method
show thet there were gpecial difflcultles bacauss almost all rock plLosphates
’ more or less radio-~amotlive. This rodio-motivity exists because of the

y small uranium content of natural phoephates; 1t is well lmown that
axperimants have been conduoted 1n the United States to rTecover the uranium
a8 g, by-product during the treatment of phosphete rock in the production
of phosphoric acid, It may be mentioned in passing that such different
phoaphates as Pebble and Morocoo ahow o radio-motlvity which ie eurprielngly
gimilar., By meens of our method of meeasurement, we obiained an activity
of 45 imp/#P,0- for 77% Pebble phosphete, and 42 1mp/%P,0. for 68% Morocco
Ehoaphata. Agoording to earlier tests, Curaceo phoaph%tg showad very

{ttle metivity and Kola concentrates none.

On resuming our experiments 1n the Research laborgtory of the
Guano-Werke A.G. Litbecik-D#nischburg works, we followed up the idea of -
taking into mccount the activity of the phogphate when exemining conpound
fertilisers by determining the rate of impulees of the rock phosphate

1np/%P,0-) and by deducting the velue of the activity of the phosphate

rom that5of the compound fertiliser.

: Tests showed, however, that this method of computation resulted
in eptimates of ¥.0 content which were too low. While ssarching for the
source of the errbr, we found that the impulse rate from superphosphate
‘#aa much lower than that from phosphate rock and, further, that this rate

wap not constant.
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‘ Diegram 3 shows the relation between the impulse rate for ‘
superphosphate made from Pebble phosphate and morocoo phosphate with the
age of the euperphoaphate. The diagram shows that, at firgt,the ack¥ivity .|

inecreases rapldly and that in the' course of Bome 20 days it approaches
aﬂymptmtioally i¥ final value, The inltial value of the impulse rete
measursd shortly after the reaction atage, was only about 60-70% of the
valus for the untreated ghoaphate‘rook used, The decrease in the impulse
rate during the perleod of atteck of the rock and its subseqlent rapid

creass oan be readily explained by the theory that radon particules

%?adium emanation) con¥&ined in the small mineral oryetals of rook phosphat
88oape when the raw phosphate is broken down, During storage the radium
remaining in the superphoephmte 1 reformed.  As the half-life peried is
only 3.8? deys, the equilibrium between redium emsnation end reformed
radium 18 restored, '

The difficulty with the irregular and inconstant radlo=activity
with superphosphate oan be overcome by teldng a sesmple of the Buperphoa=
phate used in the production of compound fertilisers, asm well as & sanple
of the ocompound fertiliser: the 20t1vity of both samples is then measured.
Henoe, for the determination of potash content of & compound fertiliaer,
the estimation of the activity of the two samples is required, one a
semple  of oompound fertiliser and the other a semple of the augerphoa hate
uged. In order to keep within the limits of probable error of + 1% ten
minutee are required for emch determlnation and with two or three deter-
minations on each gsample, approximately one hour im raqulred to ascertain
the K,0 oontent of the compound fertiliser.

Thie method of production control isg graatlg pimplified when
a8 uniform auparphosihata, which haa been stored for about weeks, 1im
used 1n the production of compound fertiliser,. Testa have shown that
in this case, 1t 13 poseible to obtaln a constant impulae rate, even when
different samples of Superphosphate, which may show veriations in them-
Belves, are used. Thus, we found, for example, 1n a 20% superphosphate
?gde from T7% Pebble phosphate a oconstant impulse rate of 40.0 impulses

Pr0-. ‘ ‘ :
275

Ubing this method to exaxine panples produced in the laboratory
from pure potassium chlorlde, satisfactory results ware slwaya obtained.
The method alaso proved satisfectory when exanining works samples of
compound fertiliser containing phosphates and rotesh, However, when we
agplied thie method in the produotion oontrol of N.P.K, compounds, we
obtailned estimates of K,0 contenb whioh wera 0.5-0.7% lower than thoase
determined by a gravimefric enalytical method, On examining the cauee
of these low resultas, it wae apparent that the smmonium salt had the
property of absorbing ¥ particles, - - .

‘ - Diagram 4 shows results obtained when using various mixtures
of potassium chloride and smeoniuw sulphata, 1t can readily be seen that
with mixturea contalning large quentities of esmmonium 2ulphate, the
measured activity is noticeebly smeller then that whioh would be obtained
if it were directly proportlonal to the concentration, In thie instance,
therefors, conditions are reverssd a8 oompared with those described
earlier in connection with the behaviour of mixtures of potassium chloride
end sodium salts, Whilet sodium salts possess a Bomewhat lesser power
of abmorbing electron rays than would he expscted from their mass, amuenium
Balts obviously show & somewhat greater absorption. When exemining
compound fertllisars oontaining ammonium salta, 1t is therefore necesaary
to make a small correotion, 1t 1s necessary to determine this correction
factor empirioally by examining an equivalent test mixture of known KEO
content. According to our reaults, the correction due for nitrogen®
content 18 given by the total impulge rate (the sum of K.0 and P.O aotivity
multipilied by helf the % of nitrogen in the compound. %hie ama%n% ig adde
to the impulde reate for E20 obtained by correct ng the total impulae ratefo
PEOS activity. ) ' S o
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TPable 4 shows n summery of a number of analytical resulte
obtained in this manner. As shown in the table, the agroement
between the radiometrioc and gravimetric sstimates 18 satisfactory.

 However promlsing the datarmination of potash in a compound
fortiliser in & tlme of 30236 minutes by the new radiometrio method
appears to be, it should be noted thet a determinetion can only be
carried out 1f e sample of the puperphosphete used in ite production 18
avallable. Alternatively, if the superphosphate used was at least
three weeka' old, and 1te actlvity had been previously determined, then
the value of ite activity could be apsumed. Thia reetricte the
application of thie method of testing oompound fertilimers to workm
production control.

SUIMARY

A method for the determination of potash hes been desoribed
which ensbles untrained employees to determine the potash conte&BKof
potash salts by measuring the intenaity of the % radiation of ovar
a time period of 10-20 minutes, Whan testing ocompound fertillieers
oontaingng phoephates, the resulte are complicated by the faot that the

.ma.;jori‘by of rock phoaphetes oontain uraniun and therefore are more oY
less radio-~active. Hence the activity of the superphosphate used In
the production of the compound fortiliser muet be determined and 1ta
activity taken into account,
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T ABLE
) Net Imp. gra- radiometr.
Sample min vim. with counter tube
5. TO] 20§ #K,0 K, 0
_ 5. 10. 20.
Crude Salﬁ%
Violetter Kainit m. _
Heotoose 242| 2551 248| 4.2 4,1 4.3 4.2
Empelde 267 241 4.0 4.5 4.0
Weissgraues Hartsalz 778| 784 792 12.8 .| 13.2 13.3 | 13.4
Heringen 787 7199 . | 13.0 13.3 | 13.5
" Hartsalz 772| 780| 782] 13.1 13.1 13.2 | 13.3
Friedrichshy il 7881 1784 13.4 13.3
_Begleitflbz— - | | |
Carnallite 668| 665| 663 10.8 11.3 11.3 7| 11.2
Heringen . 662| 662 1 11.2 11.2 11.2
Carnallit 576 .580] 576 9.9 9.8 9.8 9.8
Salzdethfurth 5841 573 9.9 9.7
Blauer Sylvinit ' .
 mit Kainit 2930 2931] 29301 49.6 49.4 49.4 | 49.4
. He'ttorf 2932| 2930 49.4 | 49.4
- Orangeroter '
Sylvinit 1424 1431} 1431 24.2 23.8 23.9 | 23.9
.. Siegmundshall 1438 1431 24.0 23.9
Sylvinit 1338 1326 | 1322 | 21.9 22.3 | 22,1 22.0
| Friedrichshall 1314| 1318 21.9 22.0
Sylvin 3520 | 3544 | 3528 | 60.3 59.6 60.0 | 59.7
Ronnenb®erg 3568 3512 | . 60.4 | 59.5
Crude Salts 1496 | 1477 | 1468 | 24.3 25,0 | 24.7 | 24.5
Spanien 1458 ] 1459 24.4 24.4
Finished Products .
Potash Fertiliser [2576 | 2564 | 2565 | 43.6 43.6 43.5 43,5
Salt 0552 | 2565 ; 43.3 43.5
Potash Fertiliser [2944 2927 | 2913 | 49.4 49,9 49.6 49,4
Salt 2310 | 2899 | 49.3 49.2
Potash Pertiliser |3236] 3221|3209 |[54.4 54.8 546 | 54.4
Salt 3206 | 3198 | 54,4 54,2
Potash Fertiliser | 3492|3474 |3477 |59.2 59.2 58.9 | 59.0
Salt 3456 | 3481 58.5 59.0
Potassium 2912 | 2899 | 2910 | 49.5 49.3 49.1 | 49.3
Sulphate 2886 | 2922 48.9 49.5
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Ré,diometric determination of KZ'O in Compound Fertilisers

1 H )

N PN . (s T ol =4 o B
' P205' for ¢ radio, grav,

{Phoskali . N B . : | :
14 x 14+ - 14.5 |36.1 |57.2|21307 | 783 - 13.7 | 14.0
12 x 18+ 12,0 |36.1 57.2 | 1472 {1039 - 18.2 | 18.0
10 x 20+ 10.5 |36.1 |57.2]1535 |1156 - 20.2 | 20.0
9.7 x 31.6+ | 9.7 |36.1 |57.2]2141 [17%3 - - 21.4 | 31.6
{18 x 20 10.3 |37.8 |57.2|1514 |1124 - 19.7 | 19.6
il12°x 18 12.4 |38.8 |57.2|1462 |-981 - 17.2 | 1649
16 x 8 -17.2 |40.6 58.0 | 1166 | 468 - 8.1} 7.9

An-Sup-Ka. | .
7.8 x 9 x 9+ 9.5 |38.1 |58.0} 853 | 491 524 9.0 | 9.0
'15.8 x 9x15+ 9.5 }38.1 58.0 | 1188 | 828 862 14,9 | 15,0
3x10x15 |10.5 |37.4 |57.2|1221 | 826 | 644 14.7 | 14.5
13 x10x15 |10.7 |[38.1 |57.2]1229 | 822 840 14.7 | 1447
7 x 115 x17 | 12.0 |36.3 58.0 | 1403 | 968 | 1017 17.5 | 17.5
8 x10xi2 | g7 |[38.1 |s8.0[1100 | 731 | 775 13.4 | 13.5
|8 x 12ix25 | 12,4 |36.1 |57.2|1256 | 808 858 15.0 | 14.8
118 x 12 x 15 12.3 |36.4 57.2 | 1284 | 836 | 887 15.5 | 15.2
Jox7%9 7.5 |39.6 |58.0| 308 | 511 .| 551 3.5 | 9.4
lox9x15 9.9 |38.2 |57.2 1233 | 851 906 15.8 | 15.6

. +) Laboratory mixture with KCl (pure analytical) K,0 content cal.

++) Correction = Imp/M net, 4% N




