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THE MANUFACTURE OF COMPOUND FERTILISERS BY THE KAMPKA-FITRO
- -+ IRQUES3 ' :

By Dr. F.W. Brandt and Dr. H. Nees
(Chemimohe Fabrik Kalk C.m.b.H.,
Germany).

The "Odda-FProcesa” for the reaction of phoephate rook with
nltrio acid and the related manufacture of an NP or NFK
fertiliser together with a mtralght N fertlliser hes been known
for smome 3% decades. The process is used by Norweglan, German,
Tutch and Franch fertiliser producers. At least half a million
tone of avallable F205, or more than four million tonms of NP and
NPK fertilimers, are annually manufactured by ihls process.
Oo-products of 1t are either calolum nitrate (15.5% N and 27%
Ca0) or ocaloium emmonium nitrate (22% N).

The “"Kampka-Nitro" Prooess, developed by Chemische Fabrik
Kalk G.m,b.H., Cologne, 18 a further development of the Odde-
Process. The Odda~Process and the Keampka-Nitro Prooceas belong
to the group of so—-called wet proacesses for the m&nufnctura of
gompound fertllleers.

It haa often been rnportad‘l that the production coate of
avallable F205 obtained by a wet process uslng only nitrie acld
in the reaction are lower than in the case of processas in which
pdditional sulphuric and/or phomphoric acid are used. This
copt reduction is chlefly caused by the maving in sulphur.
Following the recent heavy increases 1ln sulphur pricee and the
appesarance of a sulphur shortage, processes which are
independent of thia raw material deserve partioular nttantion.

aale features of th at process manu ture of ocompound
fartilipers contalning F205 ‘ ‘

Phosphate rock 1s the essential raw material for the
manufacture of phosphatic fertilieers by wet processes. - It
sonsiste of apatlte as well as other scoompanying substances.
The molar ratio of Cad/P205 in commercial phosphate rooka varies
aocording to origin with the range of 3.4 — 4.1 : 1. Apatitesn
are enargy deficlent and therafore very atable oombinations of

Jee patents DBP No.1060411 and DAS KNo.1047802.

*®  3ae papers by Banthien/Timers and Brandt/Celersberger,

BOAPE-Fartilizer Conference, Bombay 1963, Item 7,2, T, iv
of Nov./Dec. 1963.



Table 3

— Ny |

KCt

Qenergl Scheme of the

QRRA PROCE22

Compiex-Fertilizer withou! consumption of sullurc acld

I I

acidulation

_1

precipitation of
by cocling

CalNO, )y 4H0 —

CalNOy)y 4 RO

!

separation of
CafNOya- 4540
by cenmfugmg
y —

l_ﬂhir__ -

|
lar

mother liguor

ColNOsJy 4 H,0 ag +
2NHy +C Oy = CaCO;
+2NHy NOy 0g

:

ammaoniation

1y

granulation

:

finishing of produt

drying

:

screening

o Complex Ferlilizer

regulor_size

finey

crushing, milling

I

bock - feed

S

N=Fertitizar
- Calcium Nefrore
N- Ferlitizer
Caltium Ammarman o fe

el

NF or NPK
preferably - with

N:BOx! by weight
———

(s /3




Zable 4 Qenergl Scheme of fhe
| -KMPKA-MTRQ-&EQQE;&
Lornniex-Fertitizer without consumplion of sutfuric ocld

. - '
HNO, roc: | CalNOJy-4 Hy0

N x_

CatNO,), 4F40 o +
acidulation £ NH"CO. "-"CGCO;

Precipitation of :
: Ca(NO,J. "HO filtralion G CalO,
by cooling ' ;

I 1

Separation of
ColNOy4 -4 MO NHy NO, - solution r
by cenltifugin l
B A
N- fertilizer
i Lewncess gorf | | ‘
Loigarr by vmmiiiulr
mother liquor of N-NOy of N-NOy
l { NP-ferljlizer

.y N8
—Mf"—tl ammaoniation .
| NK-ferlilizer
l eg. 0020
ol *
Kl ':l gronulation NPK-fertilizer
eg. 151515

:

drying ,—-I finishing of procut Complex Ferlilizer
NP or NPK
_‘ preferchly wilh
N:HOJ', w Wﬁw
Screening g LERidar e

crushing, milling W‘jﬂﬂ?
'

back- feed rJ

L——

L5 N




Table 5: Variants of the Odda Process

Small ratio

N fertiliser

Large ratio

N fertiliser

Odda Process with full theoretical quantity of HNO3

for compound fertiliser and straight N fertiliser in
the reaction,

Kampka Nitro Process without post-reaction.

(oaS ¥o. 1047802)

Kampka Nitro Process with post-reaction,
(DBP No. 1061411)

-t

1 mol (4Ca0/P205)

Reaction

H3PO4
1.65 mol HNO3

4,0 mol GC(M)zomo

|

Cooling and centrifugation

]

Centrifuge mother

liquor

H3PO4
1.5 mol Ca(N03)2,

4820

1

Solid material
2.5 mol
ca(¥03)2.4820

¥

Ammoniation-
oarbonation
C02 +H20

NHE3 —-1
Ammoniation
KC1
1) L
shed ferti- Caloium ammo-
iser slurry nium nitrate
P04
aHPO4 CaCo03
aX 5.0 mol
1 NHANO3 + aq.
63 mol NHANO3

1 mol (4Ca0/P205)

8.2 mol HNO3

H3P04
0.2 mol ENO3

Reaotion

4.0 mbl Ca(X0%)2.4H20

Cooling and centrifugation

L

L

1 mol (4Ca0/P205)

v

(4.0 Ca0/P205)

L

7.2 mol HNO3

H3PO4

0.4 mol HNO3

Reaotion

Cooling and centrifugation

d

|

Solid material
2.% sol
ca(¥03)2,4820

&

Ammoniation-

carbonation
@uLwo

HMltration

NH4NO3 soln.

2,45 mol r—-
NH4ANO3 + age

1

Centrifuge Centrifuge

nother liquor Solid materisl mother liquor

H3PO4 2,5 mol H3P04

1.5 mol Ca(¥03)2. Ca(¥03)2.4820 0.9 mol Ca(N03)2,

4H20 4H20

0.2 mol ENO3 y 4 lodpgmwos |

Ammoniation-
carbanation (;2350
€02 NKH3+H20
Mltration Post-reaction
N> 03 soln, N3
!k 4 o4 mol )
03 + aq.
Ammoniation J Ammoniation
KC1 | ) KC1
L ) ] |

Pinished ferti- Caloium ammo- Fnished ferti-
liser slurry nium nitrate liser slurry
NH4H2PO4 NH4H2P04
CaHPO4 CaC03 CaHPO4
Cax Cal03 3.55 mol CaX
RHAC1 NH4NO3 + aq. NHACL
3,02 mol KRO3 3,02 mol KKO3
1.63 mol NH4NO3 u 1.63 mol NHANO

Caloium ammo-
nium nitrate

CaCO3
2.55 mol
NHANO3 + aq.

CaC03

(5 /%




lassification of FProoess Raw materials Ca ions Mnished fertilisers
ertilisers scoording| Description Reaction | Ammoniation | fixed in the separated | Nutrient ratio Ca compounds Ammonium | Ca0/P205 Molar retio
0 1’1':* mutrient fertiliser | from the | previously . .
ton ' as as | fortiliser | during H3PO4 N/P205 |N/P205/K20 | CaSO4 [ CaCO3 |  CaHPO4 | P205 Tanked to
CasS04. | CaCO3 | slurry as | production | , - +Cax | +Cax | Ca0 | P205 | paxrt phosphate
aqtCax| +Cax = Ca(N03)2, | as CaSo4.aqf % (wt.); % (wt.) art | part Ce0 | otal Cal
(mol) | (mol) , 4H20 ; (mol) | (mo1) I(’moJ.) ?mol) total P205 total P205
e (m01) (mod)  § ol
low-grade a) Carbon dioxide| RP NH3 - 2.0 - - 16.6/14.1 13/11/13 - 20| 2.0 | 1.0 - 2,011 4.0:1
nitric acid HNO3 Co2 :
process with :
vhosphate ro03 ]
b) Sulphuric acidl RP NH3 2,7 | - - - 13.5/13.511/11/11 2,7 | - 1.3 | 0.65 0.35 1.311 | 4,011
phosphorie H2504 : i
acid process {HNO3 :
with phosphat
rock '
|mediun-grade ) Sulpburie mdm’ NH3 1.7 ! - - 1.0 [5.0/15.0:12/12/12 1.7 = | 1.3 | 0.65 0.35 1.3:1 3,011
nitric acid | H2S04 1.3 | - - 1.4 [16.6/16.6:13/13/13 1.3 | - 1.3 | 0.65 0.35 1.3:1 2.6:1
phosphoric | ENO3 0.7 | - - 2,0 §18.3/18.3:14/24/14 | 0.7 | = 1.3 | 0.65 0.35 1.3:1 2,0:1
acid proocess {H3PO4 !
with pho-phlttr:-. : .
rock ‘
high-grade d) Fitrde acid |RP NE3 0,2 | = 2,5 - 20,0/20.0:15/15/15 0,2 | = 1,3 | 0.65 0,35 1.3:1 1.5:1
process with | HNO3 : :
phosphate rock !
e.g. Odda 1
process e.g.
Kampka-Nitro
process
e) Nitric acid |RP NH3 0.2 | - - 2.5 0.0/20.0{15/15/15 0.2 | - 1.3 | 0.65 0.35 : 1.3:1 1.5:1
phosphoric HNO3 0.1 | = - 3.2 1.8/21.8;16/16/16 00l | - 0.7 | 0.35 0.65 : 0,T:1 0.811
acid process |H3P04 0.l | = - 3.6 3.5/23.5;17/17/17 0.1 | - 0.4 | 0.20 0.80 0.4:1 0.531
with phosphate
rock :
i 7/24.7117%,
highest-grade f) Nitric acid |EHNO3 NH3 0 - - - {p4.7/24.7:117,5/17.5/| 0.1 | - 0 (] 1.0 0 :1 0.1:1
pbosphoric H3PO4 ; 17.5 :
aecid proceas i
without phos- ]
phate rock :

RP = rock phosphate




0dda Process with meximum application of HNOS

B-NO3 balance, and resulting amounts of c.(lbs)z.qxzo. oo-product fertilisers and free, usable CaCO3 per tom of primary fertiliser.

Kamjpka Nitro Process without post-reastion

mol HNO3/mol P205

t co-produst fert./

9,65 8,20
§-N03/Xg P205 0.95 (& 100%) o.a 4 &%)
J=NO3 balange in the [4n the centri- |in the | Feed-back [in in the oale. |in the | in the oentri~ | in the Foed~-back |in in co-product
- reaction | fuge mother primary as NE4NO03 | Ca(K03)2,4H20 | ammon. nitrate |resction| fuge mother primary as NEANOS |Ca(N03)2,4H20 | fertiliser
1iquor compound as oo-product liquor ocompound 0.8, oalec,
fertiliser fertiliser fexrtiliser ammon. nitrate
B-NO3 /t primary
:::-tniur 13-13-21 122 — 59 - 63 63 105 40 59 19 63 44
§-N03/t primary
::rtu:lur 15-15-15 142 - 69 — ™ 4] 121 47 69 22 (F] 51
Kg §-N03/t primary
fertiliser 20-~20-0 189 - 92 — ar 97 162 63 92 29 97 68
t c.inw;z.ﬂao/pm. )
Port, 13-13-21 0.53 0.53
t Ca(N03)2,.4H20/prin,
fort. 15-15=15 0,62 0,62
+ Ca(N03)2,4H20/prim.
fort, 20-2=0 0.82 0,82
Co-produst faxrtiliser loaloium ssmonium nitrate WBAN0S - Proportion for NP, NK or NFK oo-product ther or FE4NOS - Proportion for WP, NK er NPX co-product
Lexrtiliaser ammoniun nitreate | fertiliser

0.41

prilh fﬂ.“h 13-15- 0059 — 0025
t co-product fert.
t co~product fert.
prim. fert. 20=20=0 0.9 — 0.63 0.39

Ixse usable CaCO3

¢ CaCO03/% primary
fortiliser 13-13-21

t CaC03/t primary
fertiliser 15-15-=15

t CaC03/t primary
fertiliser 20-20-0

Jn the caleium ammonium nitrate co-product fertiliser

ither in calc, ammon,
trate as co-produot
ertiliser

fertilisers

For in NP, NX or NFPK fertilisers as oco-product

0.04

0,06

0,08

0.20

0.24




Table 7 : Comparison of production capacities and investment m[.wmmm,-n,rgm (see Table 2)

P
* It is sssumed in the comparison that ,
a) enexgy supply is available i
b) workshops are available

¢) an ammonia synthesis plant, inocluding CO
Mfimouhthotauomvdufwspooiﬁcinnsmtoonu . They will vary acocording ¢

compreasors and

» 1s available.

0 ocountry and o‘:lromtnnooi.

NPK fertiliser loading shed

Calcium ammonium nitrate
loading shed

B) Production plants

NPK plant

Kampka~Nitro seotion
Caloium gEmonium nitrate

200,000 tons/year

200,000 tons/year

200,000 tons/year

200,000 tons/year
50 tons/day P,0;

Process HNO,, - B'.’PO Process r Kampka-Nitro Process + Calcium ammonius nitrate snd Ca0O0, |
3 4 i sestion ' 3
+
Output 200,000 tons/year of 200,000 tons/year of 60,000 tons/year of
13-13-21 = 615 tons/day 13-13-21 = 615 tons/day calcium ammonium nitrate
(22% ¥) +(8.01)i° tons/year
of  CaCO .
- e B
Capacity :  Capaeity Capacity
Al Stoxege sheds
Phoaphate rock storage 20,000 tomns 20,000 tons -
Potash storage 4,000 tons 4,000 tons -
Pyrites storage 800 l3 800 13 -
Phoaphdr:lc acid storage 800 n’ - -
E,30, storage 1,000 n° - -
o, storege 500 > 500 m° 250 »°
Storage shed for NPK
fertilisers . 65,000 tons 65,000 tons -
Storage shed for '
celeium ammonium nitrate - - 20,000 tons
0;003 silo - - 1,000 tons

60,000 tons/year

25 tons/day Caco,

section - - 185 tons/day
HNO, plant complete 40 tons/dxy 40 tons/dsy 20 tons/day
B,PO‘ plant complete 50 tona/day - -

E,S0, plant complete 120 tons/day - -

Phosphate rock grinding

plant 30 tons/day - -

Inveatment cost
Plant nutrient productioa

2R

oa, 38 million IM

Total $ oa. 44 million DN

(¥+2,0,) 52,000 tons/year 52,000 tons/year + 13,200 toma/ysar
Investment oost per tom oa, DN T20/ton/year " oa, IM 680/ton/year (N+P,0.) '
of plant nutrient (§+2,0 ‘)m The by-product CaCl, is not inclfded in this

| (=+2,0.) 25 oaloulation 3
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caloium ortho-phosphate snd fluoride or hydroxide or carbonate,
the phosphatic content of which hecomes enly veary Blowly availlable
to planta. The art of manufacturing phosphatio fertilisers by
wet processes consiats in breaking down the apatite contained in
the phosphate by means of chemical reaction with sclds and in ao
conduciing the manufacturing process that the finished product
will have a smaller Ca0/F205 molar ratlo than in the apatite.

In thie way fertilisers are obtained with their rhoaphatic
components in a form which 1s available to plants (c.f. Tabla 1),

The following acids are currently used for wet process
reaction with phoaphate rock, elther seyarately or in mixtures:

HNO3

H2504
520,

Durlng or after ammoniation, €O, im almo introduced into the
fertilimer alurry in certaln processds.

If agq. CaSO4 or CaCOB. which are relatively inaoluble
compounds formed during ~the fertiliser production process, are
left in the finished product, low-grade fertilimers result, But
if the calolum salta formed during the reaction of phoaphate rock
with, for example, H.S0, or HNO3 - 8.g.

2774
aq. Ca804
or ag. Cn(NOB)E

are separated from the reaction alurry, either lmmedlately by
flltration or efter cooling by centrifugation, one obtalna
phoephoric acld or a elurry containing phoaphorio acid.

Table 2 shows, in order of lnoreasing plant nutrient
coment, the lmown processes for compound fertilimer manufacture
which meet these poasibllities.

For the sake of oclaar presentation, the following
silmplifioatione are incorporated in Table 2:

T+ Only Mordocan phosphate, with a CaQ/P205 molar ratio of
4.0, wes used a8 the basis for caloulations.

2. The ratloms of NiP205:K20 in the fertilimers was limited
to 1:111 (except item a).

3. For all fertilieers up to the 15-15-15, the proportion
of water soluble P205 in the total P205 content of the
fertilisers was put at 35% by weight (except item a),
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4, In aome camgs, the ocalculated values were rounded.

ﬁ) Frocenses besad on the reaotion of rock phosphate with
nitric acid and the separation of, ».g., Cn(NOiI;.dHEQ.
(3

_ Proceases of this kind inglude the Odda-Frocess and ite
modificationa. One of these modifications is thc Kampka-Nitro
Froceas with its two methods of procedure -

with or wilthout the poat remction of phosphate rock

1) The Qdds Frogess (c.f. Table 3).

Tha Qdda Procesa 1s designed for the manufacture of

concentrated FP or NPK fertilisers without the use of H2304.
In eddition to the compound fertilliser, a atraight nltrogen

fertiliser (calcium nitrate or calcium ammonium nitratt) in
obtained. Ca(NO_) -4E,0 18 separated off by ocentrifugatlion and
by aooling the rué %ion aplution.

'2)  The Kampka-Nitro Proceas (c.f. Table 4).

The Kampka-Nitro Procesa is almo designed for the
manufacture of high-grade NF or NFK fertilisers without the use
of H2304. In contramt to the 0Odda Frocesa, with the
“Antroduction of the fullramount of HNO® inte the reascstlon
required for both the compound fertiliser and the atraight N
fertiliser, the Kampka-Nitro Proceas almm

-~ with a glven quantity of HNO?, to make the ratioc

tity of compound fertilimaer
quantity of co-product fertilliser

en large as posaible;

- by sxtending the co-produced fartilisers to NP, BK or NPK
formulations, to become free of the restriction
represented by & co~product with only nitrogen as ita
plant nutrient component;

- if pomalble, to evold the production of a co-product
fertiliser altogether,

. To achleve theme aima, * new steps in the proceszs have been
technically worked out end introduced:

-~ the rock phoaphate is trested with Just the exact
quantity of HNOZ required for the completion of the
reactlion;

- the Ce{NO.) +4R,0 which is separated by cooling is
ammoninta and carbonated with NH3 and- GO ¢)2003;7
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- and 1s thus converted to a suspension of CaC0_ in a
solution of NH HO_: 3
43
~ the ammoniatlon = carbonation procesas is mso conduoted that
the resulting CaCl, is filterable and can be separated
from the NE,XO, s6lution by filtration,

a)  Chemloal and Technical Duts.

Tables 5 and & show quantitative comparisons hetwesn the
processes described above in meotions B 1) and B 2).

For the smske of olarity, theme tables
a) In some oaser show only one of the prooeas routea;
b) Relate only to the 15-15-15 fertilipser;

o) Quote Tigures only in terma of N_NOB'

The Ksmpka-Iitro Process ocan be used with adveantage for
compound fertillsers with an N:P205 ratic (by welght) of 1 to
1.5:1 and a N-NHB:N-NO3 melay ratio 1:1.

As examples of fertilisera whioch can be produced by this

procesa, we quote the following, most of which are already
manufsotured industrislly:

13=13~-21
15«15-15
20=20-0
12-12.203
12-12-16
12-12-24
24=16-0
18-12-15
18-12=123,

In :he Eampka-Nitro Process all, or almost all the HNO )
which iyed dnto the proces. .tiuicks the phosphate rook. P;no—
tleally no nitric acld is fed to the prooeas to combine only
with ammonia, After the ammoniation-cerbonation of the separated
OE(NDS) +4H,0, practically all of the HNO, fed inte the Kampka-
Nitro“FPPooala was used both to react withjphomphatn rock and to
flx ammonda.

If the precipitated CaCO_ie not umed in the formation of
caleium ammonium nitrate, it Ean be filtered off from the NH4H05
aolution and processed to form a commercial product,

For ammoniation-garbenation, by-produst CO. from emmonia

aynthesis or surplums 00, fron soda production ofin profitably be
uﬂﬂd .
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Induetrial experience ham been galned with Kole, Moroccan
and Talba phosphates. The optimum concentraticn of the nitric
aold for the reactlon lies within the ranga of 55 - 61% by welght.

b) Feonomic Data

A Kampka-Nitro plent ie economically advantageous, compared
with the process using wet phosphoric sold, becauss, 1n terma of
the quantity of N + P205 in the fertilisers produced, the
investment for a complete Keampka-Nitro plant wilth a calelum
ammonium nitrate section, compared with a plant uming the nitric
acld-phoephoric aclid process, 1s emaller: DM 680 par metric ton
of ¥ + P205 in the fertllimer, compared with DM 720 (c.f. Table

7).

The Kampke-Nitro Process makes no use, either directly or
indireotly, of sulphurlc aocld. The anion of the acld uead in
the reaction passes into the Ca(NO,)..4H,0 and ite fertiliser
derivatlives CaSO4 on the other hgnﬁ. ia not used,

Agein, in terms of the plant nutrient content of the
finished product, the Xempka-Nitro Process has an economio
advantage over the normal Odda~Process with the introdustion of
the full smount of HNO_ for both the comwpound fertiliser and the
atralght nitrogen f.rtzliaer,

- mince there 1s lesm or no production of the co-produot
fartillaer;

- since the co-product fertilisers are not limited to
atraight ¥ fertilisers, and thus the Keampka-Nitro Process
18 independent of the amtraight N fertilimer market;

- since the capacity of the HNO, plant and the coollng
aactlion of the Kempka-Nitro PEant pan be smaller;

- pinoe, with 1 tom of WN-NO
times more svailable F205

% in the form of HNOE, up to 1.4
can be produced.

By uming the post reesctlion, which, for the same amount of
ENO. used, consists in the trestment of an additionsl amount of
rocﬁ phopphate with the centrifuge mother liquor, the ratic

tonnage of compound fertiliger
tonnage of co-product fertilimer

oan be etill further increased.

The Kempka-Nitro Procesa may also be used advantagecusly in
comblnation with an available wet process phosphoric acid plant,
In this way, NF or NPK fertllisera falling outside the range
offered by the Kampka-Nitro Process alone, can be menufactured.
Thess fertilimers can take up the co-produced ammonium nitrate to



I - &

Auch an extent that no atraight N fertilisers need to be
marketad,

¢) Equipment Data.

The design of equipment for the Kampka-Nitro Plant incorpor-
sates new developments.  The cocling of the reaction alurry takes
place in sevaral atages. If these stages are acourately managaed,
& coarse, crystalline calcium nitrate-tetrahydrate is produced. ‘
As a result the mother liquor can be eanily meparated from the
Balt by centrifugation. A comperative reduction in the required
numbsr of centrifugee can be achieved, With thias procesas, the
quantity of phoaphoric acid remaining in the caloium nitrate-
tetrahydrate can be reduced. A further reductlon of the
phosphorie acld content can, if deeired, be effected in a spacial
purification atage.

Cooling im fully automated. The control ayatem reguletes
the course of the individual cooling stagem and the intervals for
cleaning the cooling surfaces,

For the ammoniation - carbonation of the caloium nitrate, a
apeolal apparatus has been developed in which the caleium
carbonate can be precipitated in easily filterable form, The
anmonium nitrate solution obtained after the filtration of the
calelum carbonate can, smongat other things, be used in well
known ways in eompound fertiliser slurries, or prooceseed inte N,
NP, NK or NPK fertilipers. Only two men per shift are raquired
for cooling, purification of the caloium nltrete, ammoniation =
carbonation and ammonium nitrate concentration, Energy
consumption and malntenanoe requirements sre of the same order of
magnliude as with oomplets compound fertilimer processes using
nitric, sulphuric and phoaphoric aclds, or merely nitric and
phosphoric aecids in the reaction mtage,

A large scale plant, with a ocapacity of 250,000 tona per
year of compound fertilisers, has been operating succenafully
aince the end of 19363,
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P205 content and CaOfPEOS molear ratloe of orthophoaphates involved
1D 3 procemsson d: nN:l:

Materlial P20% oontent Molar ratio
(% by weight) Ca0/P205
Moroccan phosphate PV ~3093 01
Pabble phoaphate ~ 34,0 3T e 1
Togo phoaphata | ~36.5 ~3,6 t 1
Taiba phoaphate ~37.0 ~3,5 11
Kola phoephate ~58,5 ~3.4 1 1
S ;
Fluor-apatite 42,22 3.5 1 1 ]
Tricaloiun phoephate (formal) 45.76 3,011
Diocglolum monohydrogen phoasphata 52.16 2,011
Monooalclium dihydrogen phosphate 60.65 . 1.0 1 i
i
. Orthophoaphorie acid, anhydrous T2.43 0.0 : 1 5
1 Induetrial phosphoric acida e.8. 28 0.1 1 i
g 54 0.0 1 1 '
i :
| ! |
F Ammonium phosphates 5%3. T4 or .01 1
61,71
Potamaium phosphates 40,75 or 0.0 : 1
1 52.16 N

The table showa schemetioslly the trend of P205 contents (1n % by weight)
and CaO/PEOB molar ratiom, Thuws, it does not include all types of commerclal
phoephete rooke.,

The P205 ocontents (in % by weight) and the Ca0Q/P205 molar ratioc of the
vhosphate rocka quoted are approximate valuee for molst materid. The analyses
of commeroial materlals show slight varlatlions from thesa formal values,
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DISCUS3ION

Dr. H. NEEJ (Chemische Fabrik Kalk, Germany) : Ae an intrcduction
to our paper, I ahould like to show a few slldes.

The Kaﬁpkn-Nitro Process is, as you know, a modified form of the
0dda Procesm. The first two slides show the formal difference between
the Cdda Process and the Kempke-FNitro Procean,

3lide 1; Odde Procens

The Odda Procese gives a complex fertiliser and, in additlon,
a atralght nitrogen fertiliaer.

Slide 2: Kampka-Nitro Process

The mpecial feature of the Kempka-Nitro Process conaists in the
produation of a filterable ocaleolum carbonsate during the ammoniation-
oarbonation of the Ca(NQ,)..4H,0. Thus, apart from calcoium carbonate,
one obtalne a8 sclution D? Emmoﬁium nitrate which can be partly fed
back to the fertlliser slurry and partly used to producs another
fertiliser ap a ¢co-product, Thim co-product does not need to ba a
stralght nltrogen fertilimer, One can produce NPX, NP and NK
compoundm, Thus the Kampka-Nitro Process does not restrict pro-
ductlon to a straight N fertiliser in sddition to the primery complex
fertilimer.

Slide 3:

The slide shows the reaction of Kols phosphate as a funotion of
the gquantity of acid used. You can see that after two houra with
6.6-6.8 mol Ca(NO_)_ per mol P,0_ from Kola phosphate the reaction

2 275
is mlresdy UDmplB%B.

3lide 4:

Thia elide mhows how the amount of celcium nitrete to be meparated
is & funotion of acid concentration and temperaturas.

Slide 5:

This slide shows the exieting cooling stream in our faotory at
K¥ln/Kalk for the separation of Ca(N03)2.4H20. Thie cooling stream
is automated and fully contilnuocus.

Slide 61

This ie an exemple of the partisle slze diastribution of
Ca{NO )2 44,0 aeparsted from a slurry produced with Kola phosphate
and f;Om ona produced with Moroccan phosphete.

Slide 7:
This shows the CaCO, filter. The CaCO, is easlly filterabla and

containa about 10% wnta;. 3
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Slice 81

This 1llustrates the particle asize distribution of the CaCO
thie time shown only for material produced from Kola phoaphate.
Particle size and particle aize distribution can be wldely varied
by changing the process conditions.

Slide 9:

This shows the control panel. The room is very long and not
very broad, 8¢ that it is difficult to photograph.

3!

Dz, H. STICH (Qesterreichische Stickstoffwerke, Austria) 1 With
thelr paper on the Kempke-Nitro Proocess, Dr. Brendt and Dr. Nees have
dezonstrated n meana of alleviating, and perhaps even of aolving,

the problem of the by-products arising as gypeum in phesphoric acid
manufacture or caloium nitrate (or calelum emmonium nitrate) in the
Odde Procees. Furthermore, in the light of rieing sulphur prices tha
paper is also extremely interesting.

To examine critlcally the edvantages put forward for thie
pProceas, 1t must be conasldered essentially from two aspects: in
comparimon with the complex fertiliser process involving reaction
with nitric and phosphoric aclds; and in comparison with the Odda
Procems, of which the HKampka-Nitro Process im a further developmant.

1 phould therefore like to recall once again the eamentisl
differsnces :

1. No phomphoric acid requirement and therefore no aulphurio
acid requirement.

<. Lowsr nitric acid requirement than with the Oddm Process,
and with the after-reaction a further decresse in the
nitric acid requirement.

3. Less co-product fertilieer, but with produstion of CaCO
which, contrary to the gypsum from phoaphoric aocld
production, can be commerclally profitabla,

3

Hy questions relating to these individual polnts are as follows:

With regerd to the abmenoe of any requirement for phosphoric and
sulphurlc acids, do you not have to teke into account eome reatriction
of the poanibilitiea for varylng the fertilisear formulatione? I am
thinking mainly of formulations in which the N:PEO ratio is smueller
then 1, or formulatione with e low total plant nut;ient content
(although the latter are perhaps only of thecretical interest)?

With regard to the smaller nitric acld consumption than in the
Odda Process, has this any influsnce on the proportion of cltrate
aoluble PED 7 And 1e there not s danger that some mono-calcolunm
phosaphate wEll be precipitated and then smeparested off with the calolum
nitrate?




I1-~-9

And if you use the after-reaction, in which case the consumption
of nitric acld can be etill further reduced, does not the CaQ:P. 0
ratlo 1n the finished fertliliser increase again, aince the propgriion
of CaQ 1n the after-reacted phoaphate rock 1a not sepsrated out aa
calcium nitrate? Ae a result, the obtainable plant food content might
have to be lenn.

With regerd to the efter-reaction, one might also ask whethar
the same reaction efficlency le achleved with this as wlth the main
reaction, 1.s. vwhether a larger proportion of inmoluble PO
resulta from the efter-reasction, or whether thie can be uguﬁtﬂr-
balanced by, for example, a longer retentlion time.

With regard to the emaller production of co-product fertlliaser
and the production of calcium carbonate, I should like to ask whether,
in the separaticn of CaCC0, from the amuonium nitrate eclution, the
solutlon must ke diluted %o schieve better filtration of the CnCOS.
as this would incur higher svaporation coeta. Moreover, ia thia
calcium carbonate generally of ocommercial use, or does this perhapa
depend on the local sltuation of your factory? TUnder certein
clroumstancena, gypsum produced in phosphorlo aocid manufacture can
alao be profitably ueed, e.g. ln ammonium sulphate production or in
the bullding materials industry. Unfortunately, themse possibilities
are only limitad.

The reduction in the smount of co-product fertilimer which
peours —~ caleium nitrate or ealelum ammonlum nitrate - is certalnly
of great ilmportance, particularly when such atraight fertlllser
plants are not slready aveileble. However, the further processing
of the ocalcium nitrate into compound fertilisers necessitates &
phoaphorie aeld plant and, thue, s sulphuric acld requirement; and
hence the advantage of economy in capital ocsts would possibly be
ellminated.

Laatly, could you glve comparative figures relatlng the energy
congumption in the Kampke-Nitro Procese with thet in the nitrie-
phoephoric macid procese or the claapical Odda Process?

Dr. NEES: Pirat with regard to the influence of the smaller gquantity
of nitrie acid on the extent of the reaction, the reaction must
prooveed axactly in the same way as 1f more nitric aocld were bDelng
used, The poeeibility of conducting the reaction in this way hae
bean proved in practice over a long perlod of experimentation in a
plleot plant and for the leat two years 1n an industrial plant. The
renction muat go to completion.

With regerd to the effect of the amaller guantity of sulphuric
rcid on the co-precipltetion of mono-celeium phosphate during cooling,
there must be no co-precipitated mono-calcium phoaphate, becauss 1if
thle occurs, the procesa is finished, and one would be prectically
unsbla to carry it through. In our coclling stream, no mono-celoium
phoaphate 18 co-precipitated. We produce fertilipers with 35% of
their P 05 in water soluble form: 13-13-21, 20-20-0, 15-15-15, the
ulnnniogl fertilisera for the Odda Proocess.
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You asked whether the Odda Process, compared to processes using
phosphoric acid, reatricts the plant food content and the N:P.O
ratio, The Odda and Kampka-Nitro Processes do, indsed, ruutrfc% the
N:P 05 ratic. The best ratlo is about 1:1, They also restrict the
plaﬁt food content, and am you can see from table 2, the classical
fertilisers for both procesmes are a 20-20-0 and thome fertilimers
which oan be menufactured from e 20-20-0 slurry: 13-13-21 and 15-15-15.
Lower grade fertilisers cen almo be produced, o.g. a 14-14-14. -
A 24-16-0 fertilimer can elso be manufectured with the Kampka-Nitro
Process 1f all the sammonium nitrate which is formed durlng ammonimtion-
carbonation is fed back in to the primery complex fertilimar.

The after-reaction is to be underatood as followas: 1f one uaes
Just the theoretioal amount of nitrle amcid Tequired to complete the
attack of the phosphate rock - end this wes one of the conditions of
the Kampka-Nitrc Process - cone can encounter certailn small difficultisa
whioh one naturally sesks to prevent. We therefore use a amall excess
of acid 1n the resction. However, thie surplue nitric acid, in
relation to the theoretical quantity required, reduces the poealbility
of feading back calelum nitrate into the primary fertilimer. Thua
tha efter-reaction is simply deaigned to make subssquent uae of this
excesa nitric acid, previoualy introduced into the system for technical
Teadona, in a further reaction with phoaphate rock, aoc that the
theorstical retio of HNO_/phosphate rock can be maintained as far am
possible. The primary agidulutiOn of phomphate rock also ays some
part in determining the extent of the after-remction. The distribution
of phoephate rock between the main remoction and the aftar-resmction is
edtablished guite experimentally from experience. The overall reaction
efficiency in the smlurry 1s not decreaeed by the after-resction. The
process must be Bo conducted that reaction efficlencies are completaly
identical, irrespective of whether the after-reaction is used or not.
This depends on local conditicns and on the type of phomphate rock used.

As to the dilutlon of the celclum nitrate sclution, when one melise
ca(NO,)2.4H,0 one obtains s caleium nitrate molutisn of about 65%. A
cartagn amoﬁnt of water i1s atill with the tetrahydrete, so that the
concentration of such a molution ie roughly 60%. Some dilution must be
made in order to obtain a sultable quality of calclum carbonate. But
so far the economlc adventeges of the process have compensated for this
excena water.

Next, with regard to your question as to the commercial use of
the calclum carbonate, the materiasl we obtein is very pure — at leapt
99% CaC0,. The amount of lmpurities 1t conteins is very emell - some P
ang aomaBN of course, but the N can be eliminated. Thue ona can make a
filler from this Cal0,. Wherever chalks of any kind are requlred, it
can be used according3to the loosl situation, according to the country
or the products in thim country which are used: and one can almo uss
it am sgricultural lime. It can be converted with smmonium nitrate
sclution into caloiun ammonium nitrate. What one doss with 1t depends
on local clrcumetences.

You mentioned the question of gulphuric moid consumption in
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relation to the co-product fertiliser. If one menufactureas an NP

or NPK fertllimer am the co-product of the process, one cobviously
uses either sulphuric acid and/or phosphoric meid, and this
phoaphorie acld requires sulpnurlc acld. Ons im thus not free

from the need for sulphuric acld., In Kalk we have an integrated
workem: we have phoaphoric acld availlable, and it is posaible for
us, using tha pure Kampka-Nitro Process, and meking other fertillsere
an well, to make whatever formulatlons are required by the market.
¥hen conaldering where the Kampkea-Nitre Process can be used, one
must conelder whether one is in a highly industrialised area such

am Eurcpe or whether one 1e in a developing country, and acoording
to oiroumstmnces one must take into account the vericus possibillitles.
To ume a Kempke-Nitro plant in conjunotilon with a phomphoric acld
plant 1 very favourable, since 1t permite the production of thease
wompound co-products. In this way, part of one's phoaphoric acld
production can be used for the menufacture of high snalysis ferti-
llperas with the Kampka-Nitre Process, whilat the remainder can be
umed 1n & phoaphorlc acld proceee. DBut cne dees not need to operate
in thie way. 1In a developing country, for example, where there ia
no avallable sulphuric acid, one muet produce a straight nitrogen
fertiliser in conjunctioen with the primery complex faertilisaer.

As far as your quemstion on energy consumption is conocerned,
we have often tried to eatsblish producticn coata {excluding raw
materials costs) for complex fertilisers, using eulphuric and
phoephoric aclds on the one hand, and on the other opsrating
according to the 0dda Procese or the Eampka-Nitro Proceaa. In
order to obteln an mocurate ploture, one should not conelder =
part of these comta in iaolation: one muet vlew them cverall,
ptarting with smmonie synthemis, or with the production of sulphuric,
phoephoria or nitric acidm, and taking into account the plantas
requlred for the productlon of pecondary fertilimers. As you can
imagine, only some of the mtatistica used in these studlea were
definite. We try to use definite values am far ae poselble, in
order not to decelve ourselves. But part of the fligurea were also
estimated. Thue, according to the number of observations, alight
discrepenoles crept in, but in general we emimbllshed that the
production comta of the Odda Procesm and the Kampka-Nitro Proceass,
in reletlon to the coet — or a part of the cost - of sulphuric acid,
woere mors favouramble than those using the phosphorle acld process,
Overall energy coneumption and maintenance coste were roughly the aame.

Now that the industrisl Kampka-Nitro plant haes been in operstion
for two years, we are currently engaged in an analysis of energy
congumption and meintenancs costs 1n the various sectlona of the
plant, in order to obtalin genuine figurem. Productlon coeis depend
‘on ec many factors, and whether the Kempke-Nitro Procems is suiteble
or not must always be atudled 1ndividually from cese to came. The
aost of phosphate rock, the types of fertiliser fto be produced, acld
costa, ammonie costs, the concentration of the acida uaed, and, in
the case of the Kampka—~Nitro Procees, the carbonlc acld required -
#ll theme factoras play a part. Naturally, it is advantagaous to use
the Kampke-Nitro Frocess whers oarbonlc acld is available from, for
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axample, a soda worke or &n ammonis eynthesie plant. But, in any
oase, one can only declde on the sultebility of a process for a
particular locality when one inatallas the process in the locality,
in the local conditions, and then makes one's celculations.

I should almo like to remark on esrtain fundamental develop-
ments, the end of which ia not yet in eight or can only be partially
Been. The price of ammonla - nitrogen in ammonla and nitric acid -
has been continually deoreasing. Tt has already reached very low
levels. Vhether it can fall any further, I do not know. Conversely,
the price of sulphur has been rieing for some time. How thia ¥ill
develop we do not know, but one can only ocbaerve that the trend of
sulphur prices is satill rising. And this obeervation im also.
relevant to the ciroumstantial consideration of whigh process ia
moat suiltable,

My, D. J. COATES (Chemiosl Construction (G.B.) Ltd., U.K.): Thia
process clearly has the advantages mentionad by the two previous
speakers, l.e. the slgnificance of the rising price of sulphur and
the fact that one no longer has to dispose of the calcium ammonium
nitrate mixtures. Have there besn any further developments in the
further removal of the celoium nitrate tetrahydrate by furthar cooling,
or by any other techniques, in order to reduce the celcium content of
the fertiliser, to increase its nutrient congentration and to lower
the citirate soluble P_0O_ content ? Secondly, what type of filter do
you use for the uuparﬁt?on of the oslcium cerbonate ? What im the
ammonlum nitrate content of the calcium carbonate, and what is the
sctual concentraticn of the f1ltrate, including the wash water umed
to obtain that ammonium nitrate content 7

Dr. NEES: As far as we ere concerned, we guarantse that we can get
an NFK fertilimer, e.g. a 15-15-15, with about 35% of its P.O
content in water-soluble form. We do not dare to- guarantee éo;e.
although we know we can ghtain more.

The CaC0y coptelns roughly 0.1% N as ammonium nitrate, but by
heating 1t to”2507C the nitrogen content can be completely eliminated,

We used a normal rotating filter for eeparating thae CgCOI.
Mr, M. DELAPORTE (Ets. P. Linet, Frange) : On page 2 you say : "For
all fertilisers up to the 15-15-15, the proportion of water-soluble

FoOc in the total P,0. content of the fertilimers was put at 35% by
wgight". What percugtaga of PEOS in poluble in emmonium cltrate?

At what concentration ia the oalcium mamonium nitrate normally
obtalned at the tail of the process? Can this caleiunm ammonium nitrata
be concentrated atill further without any particular difficulties and
without undue cost, in order to obtain a commersisl grada?

On page 4, you say: "If the precipitated CaCO, is not used in the
formetlon of caleiunm ammonium nitrate it can be figtarod of f from the

NH4N03 solution and prooessed to form a commeroial product™. Can you
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indicate the degree of purity of the precipiteted calcium
carbonate obtained? What in your oplnlon are the poseible
markets for this metarial, apart from itas use ame a acil
amendment?

Dr. NEES: The emmonium oitrate molubllity of the complex
fertilimer is $8-99%. In Germany, we have the FN method - a
determination in neutral ammonium citrate msolution. Fetermann
polubility im roughly 98%. This is the same with all other
complex fertilisers with thia kind of plant nutrient concentration.

We concentrate the smmonium nitrate molution to 85%. At
thie strength, part of the solution ia fed back into fartiliaer
production, and the remainder can be used in the production of
calcium ammonium nitrate - as far as» we are concerned, we do not
manufacture calclum smmonium nitrate - e.g. by the Kaldenbach
process. And in the opinion of Mr. Giles, who epoke to me
yesterday, thle caloiim emmonjum nitrate can perhaps slao be
made by the sphercdizer proceas.

As I have already sald, the CaCO, is &t least 99% pure but
contelne some water, mome ammonium oa;bonata, pome ocmloium
smmonlun nitrete, soms fluorine and sundry other amall ilmpurities.
And eo it can be used, for example, &a a source of pure Ce, for
thers are relatively few naturel scurces of pure Ca. The other

uses for CnCO3 have already heen mentioned.




