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INTRODUCTION

The Agency for International Development (AID) requested TVA
to provide technical assistance to the FERTICOL nitrogen fertilizer
complex. This report covers the work of a TVA team which visited Colombia
during April of 1974. A team of TVA engineers had previously studied
the FERTICOL facility at Barrancabermeja in 1970 and made recommendations
for improvement of the operation. Specific'objectiveu of this new study
vere to:
1. Peview the expansion plans recommended by the 1970 IVA team.
2. Consider the feasibility of using domestic sources of phosphate
rock to satisfy P205 demands,
3,  Make recommendations concerning the increased use of domestic
natural gas sources for nitrogen fertilizer production,
The study was conducted by a two man tean consisting of
George M. Spickard and Donald R, Waggoner, TVA engloeera. The tean
arrived in Colosbia on April 3, 1974, for a 3-veek period, Included
vere visits to the Bopota offices of ADOCOL, Monomeros, Caja Agraria,
Mintetry of Agriculture and FERTICOL, In addition, the tean visited
sites of rock phosphate deposite at Fesca, Lake Tota and the Cascajera
phosphate pine, BSeven days vere spent &t Berrancaberneia working vith
the FERTIOOL ergenisalion,
The periid of time 16 Colmble vas esfendad 1o & vesks (o
allow time For techmies] advice to ABOCOL ar Cartagems, A veport of

disewstisons with ABODGE is lacindad 18 1he sppeidls,



SUMMARY AND RECOMMENDATIONS

Section I provides general background information, Comments
are given concerning use of the natural gas newly discovered in Guajira
for producing ammonia and urea. Recommendations to improve the FERTICOL
operations are discussed in Section IT. Section III contains a discussion
of the use of domestic phosphate rock. The technical questions posed by
ABOCOL were answered by letter, a copy of which is included in the
appendix. A summary ot recommendations follows:

FERTICOL:

1. Installation of facilities for producing nitrie phosphates
1s not recommanded.

2, Modifications are recormmended as follows:

A. Installation of additional ammonla producing capacity
of 65 mt/day mininum, The newer ammopac units range
from 90 to 100 mt/day which may be the practical lower
unic for additional capacity,

b, Addition of 1000 ut of amsonia ntorage capacity.

€. Inastallation of a nev concrete cooling tower to replace

the doeterforating vooden towvers.

4, Converalon of the urea unit to total recycle,

@, Conversion of the asmonius nitrate pranulation unit to

WFE granulation. Increase the capacity from 179 nt/day
te 300 nt/dsy,

£, Install factlittes for preducing UAY soluties,

The estinated eost of the above wodifications fe appresinately

SUBC.7 sildinn., Detatils Bl the jasl estinsies are Elvea ia Bection 11,
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4.
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Conversion of the granulation unit to use of the TVA pipe
reactor process when phosphoric acid becomes avallable., See
Section III.

Visit of key FERTICOL personnel to NPK producing facilities in

the United States.

Use of Colombian Phosphate Rock:

Substitution of Colombian phosphate rock for Imported phosphate

rock is strongly recommended,

Construction of a wet-process phosphoric acid plant of 400

mt/Jay P205 capacity at Barrancabermcja 1s recommcnded.

Before (1) and (2) above can be acconmplished it will be necessary

to:

a. Obtain full cooperation from all organizations and companies
which have an interest in making use of the domestic
rock. We feel that this can beat be accomplished by
formation of a task force or company composed of all
interested partien and charged with the responsibility of
developing the rock in the best possible manner for
Colombia's use. In viev of the current and predicted
future PZOS supply and coet situation in Colowbia, it in
feperative that this step be taken inmediately.

b, Iemediately begin a vesearch progranm to determine optimunm
pethoda for beneficlating the roek,

€. Yurther explore and characterize all of the known depesits,

d. Make a detatled study of the transportation systes from

the nines to the polnts of wee,
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e, Study the best ways to use the rock in addition to those
already established; i.e., phosphate rock and phosphoric
acid at ABOCOL and Monomeros. Production of electric-

- furnace acid from the Pesca rock 1s a distinct possibility
since large coal reserves exist in the same area.

| Use of Guajira Natural Gas:

1. Initiation of a project to use this source of natural gas for

producing ammonia and urea i1s recommended.
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'SECTION I

GENERAL BACKGROUND

Preéent Fertilizer Situation

There are three basic nitrogen production units in operation
in Colombia. They are the Monomeros plant at Barranquilla, ABOCOL at
Cartagena, and FERTICOL at Barrancabermejé. The ABOCOL facility consists
of units for providing ammonia, nitric acid, urea, and nitric phosphate
(NPK) .

Monomeros has a caprolactum facility which produces large
quantities of ammonium sulfate as a byproduct. The ammonium sulfate is
used in a modified Dutch State Mines nitric phosphate unit'to‘produce
NPK fertilizers., Nitric acid is produced on site but ammonia for the
process is obtalned from Venezuela.

FERTICOL has units at Barrancabermeja which use locally available
natural gas to produce ammonia, nitric acid, urea, and granular ammondium
nitrate (267 nitrogen). Some additional natural gas is available. The
combined national production of fertilizer materials and the primary
nutrients from these plants and scveral smaller plants is glven in table
l. In addition to the national production clted in table 1, finished
mixed fertflizers and urea are dmported. These imports are shown in
table ? for 1972 and 19/3. No cstimate is available for 1974 because of
uncertainty of nupply.

Mont of thoe P205 uned {n Colombia and shown an produced in
table 1 Iu actually fumported am raw material for the granulation plants.

Types and amounts of phosphatic raw materinla imported during the period
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Table 1

National Production of Fertilizers*

Metric Tons (thousands)

Type Fertilizer 1970 1971 1972 1973 1974 (est.)
Compound Mixed 221 264 284 353 410
Nitrogen 102 109 112 110 114
Phosphates 54 58 42 70 70
Miscellaneous 2 3 _3 3. -3
Total 379 434 hh1 539 599

Production of Primary Nutrients

Metric Tons (thousands)

Nutrient 1970 1971 1972 1973 1974 (est.)
Nitrogen 61 69 77 86 102

0
Phosphate (P,0,, 48 62 52 72 81
Potassium (KZO} 32 39 36 48 54

*Source: Martin Fchavarria, Elementos Para un Diagnostico de la Situacion de
los Fertilizantes Quimicas en Colombia.

Table 2

Imports of Mixed Fertilizers and Urea-Metric Tons*

1972 1973
Tons Mat. N P K Tons Met. N P K
Urea 70,000 31,500 - - 128,000 57,600 - -
Mixed Fertilizers 27,000 2,465 7430 3165 76,000 8,478 13,748 12,191
Total Nutricents 33,965 7430 3165 66,078 13,748 12,19¢

#Source: Martin Echavarria -~ OPSA - Ministry of Agriculture
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1970-1973 are ahownmiﬁezéﬁiépﬁi EAB&&OL“aﬁd‘ﬁoﬁéﬁefdéiére producing at
present maximum capacity of both P2 5'and nitrogen.

. | Monomeros is expected to increase production.capacity by 1977.
This will add approximately 30,000 mt of compound fertilizers to the
national production shown in table'l for 1974. All of the P205 contained
in these fertilizers will bé imported as either rock or phosphoric acid.

The Mipistry of Agriculture has forecast a national shortage
in 1974 of 20,000 mt of mixed fertilizers and 130, 000 mt of urea (1).
In addition, neither ABOCOL nor Monomeros is expected to meet the piodhc—
tion forecast for 1974 because of shortage of raw materials in the world
market. It is evident that Colombia must either develop some other
mﬁans of obtaining urea and phosphatic materials or continue to face
serious;gétional shortages.

‘Fortunately, two recent developments place Colombia in a very
enviable position for the future. First, several million tons of phoé-
phate reserves have been proved and characterized during the past 4
years, Figure 1 is a map of the approximate locatio@ of ;he main deposits.
Second, a large supply of natural gas has been located on the North
Coast in Guajira close to Riohacha. There are no known potash deposits
in Colombia. Serious search for potash should be undertaken immediately.
However, according to a recent study by TVA, world potash supplies are

expected to be adequate for the fore‘i

e T

Cjéeeable future (2).
Studies at TVA have-sthn that good quality phosphoric acid
can be produced from the domestic phosphate rock (3). All of the known
deposits of rock contain excessive agounts of silica (4). The chemical

composition of the four main deposits is shown in table 4. Investigation
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Table 3

Phosphates Imported for Use as Raw Materials or Intermediates

Material

DAP (18-46-0)

Metrie Tons Imported (1000's)

Phosphate Rock (332 P2°5)

» 0
TSP (462 r, 5)
PMwMﬁcMﬁ(MZ%%)

TOTAL

Deposit

0
P2%

Ca0

CO2

F

0
Al2 3

0
Fe2 3

Acid Insoluble

- 1970
Tons PZOS Tons
15.0 7.0 16.0
12.3 4.1 20,5
126 5.8 30.4
19.5 10,5 29.9
39.4 27,4 96,8
Table 4

A

e t————

28,2

41.4
2.7

3.2
1.9

0.9
16.6

Chemical Composition of Se
Rock Samples in Colombia

A, Sardinata-average of many samples,

B. Azutrada--average of 44 samples,

c. Conejera--average of 25 samples."

D, Yaguara--average of 11 samples,

44.4 111,1

lected Phosphate

21.6
40.3
8.5
2.4
l.9 .
0.6
19.6

1972 1973
33.2 15.3 20,9 9.
37.2 12.3 455 15,0
19.9 9.2 40.0 18.4
20.8 1.2 23,5 12,7
48.0 129.9 55,7
L _ ~D_
20.1 23,8
28.3 31.7
. 1,2 1.6
2.2 2.3
1.6 -
0.9 -
44,0 31.8
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by TVA has shown that the ore is composed of grains of phosphate and
quartz embedded in a matrix of chert (amorphous silica) (5). Study of
beneficiating the ore by flotation gave generally disappointing results
(3). The tests were made using conditions favorable for Florida rock.
It should be possible to develop methods for beneficiating the ore.
However, beneficiation would not be necessary for Producing phosphoric
acid since the silfca could be removed in the filtration step. Removal
of the silica would be necessary before the rock could be used success-
fully at Monomeros and Abocol.

Further discuecions for developlng the phosphate industry in
Colombia are included in Section III.

Ammonia and urea produced from low cost natural gas at or near
coastal areas will always oceupy a competitive position in the world
market. In view of the serious shortage of urea already evident in
Colombia and the expected increase in demand in Colombia and in world
markets, Planning for a large ammonia/urea complex based on the newly
discovered natural gas should begin immediately. 7Time was not available
for the TVA team to prepare a detailed preinvestment type study. It is
safe to say that Production of ammonia and urea in large modern type
" units from good quality, economically priced natural gas can be justified
Several local companies are interested in such a Project. A prompt
decision concerning the management of the project should be made so that

actual implementation can begin. .-



SECTION 11

FERTICOL

One week was spent at FERTICOL reevaluating the 1970 TVA
recommendations, taking into consideration dosestic sources of rock
phosphate. The new supply and demand situation was also considered.

The FERTICOL facility is described in detail in the 1970 TVA
report. Therefore, only a brief description will be given hare. After
major modification in 1966-1968, the plant now conslats ol a 63 wit /day
amzonia unit, a 154 mt/day S4% nitric acid unit, a 60 mt/day urea unit and
a 130 mt/day 26% amsonium nitrate granulation unit. In addition, electricity
for the plant and a part of the city of Barrancabermeja is produced on the
aite. Storage consists of approximately 540 mt of ammonia, 600 mt of 542
pitric acid and a large bag storage warehouse.

The main problem that has faced the company for the past saveral
years ig that ammounla production i not sufficient for a balance of the end
product units. The urea unlt employs a partial recycle process which ylelds
0.254 tons of byproduct amsonia for each ton of urea produced. When the
urea unit produces at full rate there is not enough ammonia left to produce
sufficient nitric acid to neutralize the off-gas ammonia. Lack of demand
for the granular 26% ammonium nitrate has been a serious problem in the past,

As a solution to these problems the 1970 TVA team recommended®

1. A scheme for closing the urea loop to greatly reduce the ammonia
in the off-pau. |

2. Conversion of the ammonium nitrate granulation uﬁlt to permit
granulation of NPK products.

3.  Diversion of a part of the ammonium nitrate to UAN solution.
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Yable 9

FERYICOL~—Altermative |
Cest of Production sad Value of Sales

Fradeas sy
Uica 6,215
Cran, AN

(262 w) 34,000

WARGEIN: 3,997, 000

taee 1%, 200
Gas, &

(261 ) pe 000
$=00-13 3, 500
i'”" u.ﬂ

meC I ﬂ.ﬂﬂ.m

Cosr:
$i/es  Yetal

$4.01 1,290,000
COsY: 3,810, 000

62,15 1,193,000
4,04 1,189,000
106,33 3,640, 600

119,38 & 120 609
COFY; 10,004, 609

FNOREASE §0 maRCiY: §4, 248, 000
e EMTRSTRENT . g6, Pe0, 000
§Oi TOR WOV Carifel: 62,73

Sale
Frice  Yetal
192,40 3,207,000

100,00 1,400,000
Salrs: 3,607,000

195,40 2,684,000
100,00 7,400,000
125,20 4,339,000

16,08 3,730 000
SALRR: 06,043 000
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Altsrnative 11

Fhosphate vock of suitable quality for use in 5 aitric ’M:phlla
plaat at “arrancabermeja is available at Sardinata, Sisce the Cajs
Agraria will yequive approaimately 16,000 wt/yr ef "305 by 1976, caleula-
tions vere made for a mitric phosphate plant of this sise based on the
sodified Odds process, Calelum mitvate would be Separated and converted
9 ammenive aitvate for wse ia the eslsting gramulation weit, 1s addition
2 & nityic phosphaie wer section, The following would be requived;

B T D it [day
LLLEE LI S E RN 1 I —" Y wt/day
Bitrie Paosphate Cranulattos

R S — =rr=====——z{ ) “Ih’

& summery of the sercsssiy capital lovestaest is gives Ia
fabie 10, ¥he toial Javestneat foguiiad is apprasinately USIL. 6 nillies,
his 1 as estrmmely Ligh svpeaditwe fos piovidiag 10,000 sa/yv of
r.,gg. Voo wedy lesge witsls phosphaie plasts slivady esist 1n Ooloniia==
BYONCOL &1 Cadlagens snd Mosomerss a4 Batianguille, Mitric phesphate
plecesses laterenily produce W 1o tvice as Wby wuiis of altdegen ae
weits of r,ag, Phe lowesd Mt,@t Falis grades vam only be pioduwed by
c1IReF 1ddlag & swpplonental sowce of r,a; ®F by sepaiatling eiliber
ERIEIUN BiEsate oF anmoniun BiTFete Fon fhe ssletiow. PERTTICOL wenia
fend fe pimduie e loves .li!i*,ﬁ,_‘ fsiios Slpce ANOKOL sad Mowaieses
pieduie the Bighes satios awl shesper thas PERTICOL, f5is was Ihe
fedaon Fod sheeelng the wnodif jad Odde i oeess

$h 32 evidend wiihowt geking detalled piodec f jon smed salonle
L1056 What a5 Jovestmest of 1he sise seguisad sowied be Jusdified,

Pheselfove, produition of e % §Fades &7 FERTICOL by she
SERF e Phespheie sewie weing damess Bewily piodaied soak 3o st secommendad ,



Table 10

Capital Investment--Alternative 11

NHy 120 wt/day Yacility sus
1974 U, 8, Battery Limit § 7,600,000
Support Yacilities (15%) 1,100,000
YOTAL (V.5.) § 8,700,000
Colonbia Cost (U.5, x 1.25) 10,900,000
Fscalation 1,100,000
YO AL~ COLORELA §13,000, 000

B0, 130 wildey (100%)

2 1977 U, £, Battery Limig 3,900,000
Support Factlities (131) 200,000

YOTAL (U.85,) 4,500,000

Colonbta Cest (U8, » 1.73) 3,600,000

ObBA Nitvie Phosphates 430 mt/day (Imecludes Cramulatios)

197 U.5, Cost 2,500,000+
1976 0.8, Cot 2.5 5 1,0 &, 500,000
Swppart Facilittes (¥5%) 1,300,000

TOTAL (9.8,) 3,600,000
Calembels Cost (0.5, » 1.7%) &, 000 , 600

*iacindes Handitag for Bock and KLY,
TOUAL CAPITAL TAWESTHMINT FOR CONFLER §24, 600,000
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Alternative 111

If it is assused that domestic sourcea of phosphate rock and
phosphoric acid will become available, the FERTICOL facility could be
converted to use of phosphoric acid., Actually, {f the modifications
outlined in Alternative ! wvere already accomplished, a very wodest
additional ilnvestment of approxisately $US133,000 would be required,
The process could very easily be modified to use the TVA pipe reactor
process, Ia the pipe reactor process, preheated, partially ammoniated
plosphoric aeid (541 fzﬂsj I8 reacted vith preheated ammonia vapor in o
pipe “tee," Yhe heat evolved frow the reactor §s used 1o evaporate a))

af the free valer aad couverl a portion of the 1"1‘0 (o |rul“-.‘u-a.:-!mlr.-

3
faras, The resulting selt and evelved gases are separated in a Vapor
disengager, Amnonia In the evolved gases 18 recovered in & cpray
&& Fubbef usiaz the piehestied fecd phasploric aeid, The it flovs 1o &

pfaaulator where it i1s twaled and crystalitsed aloag vith cither urea ot
AN felf the gistwlafofr prodect 1s casled and scresnad, Crushed ¢ verslse,
fines, asd a portion f (he product sive Fron fhe sirfeens afe Teturned
foFf Feiyele, Potassiun chisride is added with the fecyele, EBipce
esseatially aslydrous aslis are weed, wo dyyer 18 ¥equired,

Capital In addition (o that sequised for Altermative 1 is
givesa Ia (akle 11} ihe wae of plosphafie aeid vould pernlt produect fos
&f highes amalysis grades, f,e,, V7=17=17, 11=32=3), and 13-36-12
dppiasinale piaducilon éocls of 1hese grades have been walewlated far a
fFale of 300 at/dsy s The TIRTICOL facility im 1976, Yhese soels ave
sSuliEaiisad I1a 1ablse 12 he phiasplofie afld fosf has beca falea as
SUSIAS 15/et P 0. based oa Bectilon 11, tise of Colonhian Phosphate Rack,

& geipatisas of Ihese sasls vwith sasts of prodwiiion givesn Faf Alleainative

f is tabile 17 Iadicates that eamversion te uwse of Aanestically Froduced
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Table 11

Alternative 111 Investment Costs

Pquipment _Sus
Pipe reactor 2,000
Vapor disengager 8,000
Ammonia vaporizer 5,000
Spray rcactor and blower 10,000
Sproy teuttor puape 5,000
Phoaphoric acid pumps 5,000
Phosphoric acid heater 4,500
Instrumentation 13,700

TOTAL (U.S§.) 53,200
Colombia Cost (U.S. x 1,23) 66,500
Labor and engineering ,66,500

TOTAL 133,000



Alternative III Production Costs
Using Domestically Produced Phosphoric Acid

Grade

-23~

 'Table 12

’

17-17~-17 11-22-22

Production Rate: mt/day

mt/yr*

Production Costs, $US/mt
Variable

Fixed

*Annual production tonnages as required to produce 300 mt/day and uge all

of the AN solution.

300 300
45,000 24,000
102,18 109.73

3.32 3.32

12-36-12

300
24,000

114.90

3.32
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phosphoric acid could be justified. Grade formulation and details

of the variable costs are given in the appendix.



USE OF COLOMBIAN PHOSPEATE RO

Introduction

As previeusly moted, Colombiz is Inpasrting large guaniiities of
phosphate as phosphate rock, phosphoric acid snd Finisted Piaducis, Ve
1973 consusption of P’IO& vas appraximately 85,000 s The laigest
importers of I‘,Oa 6re Moaomeros at Barramguills and ABOCOE &8 Castagais
By 1977, these two producers are cxpected fa be watng 750, 000 aa of
phosphate rock (281 l"}us} and 101,950 wt of phosploric asid (544 F,0.)
Additionally, ABOCOL s planning an espansion of J4f 1o LOE &f Jis D
production,

Calculations of projected consunption af ?;u; weie Gade Tus
12%Z and 15% growth rates Using the 197) eonsusgtion of 85,000 it a5 &
basis., The resulting data have been plotted in figure 2, By 1977,
Colombla could be using as much as 150,000 wt/yr of 'r}u}. 1f 1he ?:“'.
equivalent of the rock consused by Monomeros and ABOCOL is SubifFacted,
the I'205 from phosphoric actd and phosphorie acld derivativis vould b
70,000 mt/yr. By 1980, Colombis Vill be uaslng the entire putpur of &
400 mt/day of 1‘205 phosphoric acid plant tn addition 1o phasphate Foik,

If the current e, 4.f, prices of Vob/nt for phosphate reck (283

ons) and 3184/“[ for 54% |'20 phnaplmllt acid are applied 1a 1977

0
o
demand projections, Colombia will be epending §37,600, 000 forelgn eschange
for phosphntul. Muo. it in l“‘.l:l)' that the prices fary phasphate Jodk
and phosphoric acld will stabilize at levels higher than the ahove

prices. In addition to higher prices, serious ehartages of i":tl.‘ have

been predicted for Latin America through 1980 (2).
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Table 15

Copltal Investment aad Production Costs for Sulfwrie Acld FPlants

in Colonbia Based o Clves Slse of Phosplorie Acld Flast

Copacity, ¥,0, 200 3 w0 300 ey
Plawt lavestmewt 6,4 8.6 %.9 11,6 13,1
Capacity, tons I,H‘lm St L FRE 1360 1752
- Capacity, tons l,ﬂ‘lml 192,700 289 080 35,400 481,800 578,160
U8/ tan -Im‘
Sulfer, D, 34 tave * 348 13 48 15 48 15,48 15,48 15.48
Camding llﬁ. Pa, 000 gald, » 05,02 0,48 0,48 6,45 0,48 0.48
fotles feed t,ﬁ. 1,000 gal, » 0,50 0,53 0,35 0.5% 0.5 0.55
Plestvizsioy, 30 WA & 0,81 0.3 0,% 8,3 6,30 0.3
latay, ($144,500/y9) 0.7 0,50 0.3 0,3 0.2%
talatesence, 3 oF jeovestment 1,60 1,69 1.0 1.30 1.0
Yeres and Iasuisade,

71 of fevesiment R &0 52 A A
Depreciation, €.671 of lovestment 2,71 1,9 LI 1,60 1,50
taziysis, POR of Labow 0,1% 8,10 o, 6w 0,06 8,05
interest, Bl of % lovestment 1,33 1,49 1,03 0,% 0,%
Oyertead, 1007 of Lebey 8.5 o, 50 0, % 0,3 0,23

Froaduiiton Taet LT E Y 2,2 21,66 21,34
Plas 101 RO I R RS X R X SR N 1
Fitee of l.,ﬂi B84 26,18 4,78 .00 $3,63
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Yadie 16

is Fegulied for Froducing Phospheric Acid ix Caloabis

Cépacity, teas ¥ o_/day 100 300 400 00 €00
D e ——. k.Y e S — = -
*‘im-l-z.hni ie acid glang 3

V.8, Battery Lindts £.3 7.4 8.4 3.4 10,4
Sunilitary end Suppart Facilities 1.6 4,9 3.1 7. & 2.6
tetal U,.5, Izvestment 7.9 2.3 10,5 1.8 13,4

‘ 2
Oeveleping Covitsy lavestmeni ¥, 9 11.¢ 13,1 14,8 16,3
L]
sulferie L&l 3':'.:-\:[‘

.8 23t toFy Lindes &, 5 | £, 3 7.4 e, 4
_.L.&ﬂ::ei: avad srgprprod £ j‘g—-ﬁ;liﬂca 3,0 3" !,‘ 1.9 g3
Total Flaat fsvestnent, U8, 3.1 &.9 1.9 9.3 10,5
Peveloplag Couwntry Imvestneans &, % e.c 9,9 1§ 8 - 12,1
Teial r'?-e.-erim‘_}gn & }-uis-uilt.i= 13.0 16,3 18,4 23.1 4,3
Yotal fer Colenhia 16,3 0.} 23,0 .4 9.4

$_ 4
Baselk oW V.S, east » 1,35
Constyuetion of these Fa: 1116225 18 2 lacatiom withowt sy evlsting avslliian

ahd suppart facilities will add appianlnately 238 te the 1avesinent cast e bioven

ebave
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swwmar ies of these calevlations, It should be pointed out that thess
Fepreseat eaplial vequired for & plast at Barrancabermeja taking advantage
of eslsting offsites and other services, The favestmeant would be considerably
higher a2t less developed locations, Calevwlations of the working capital
éie givea 1a the appendis, Caleswlations of the cost of produciag phosphoric
acid 18 each of the plants vere made walng vock at $30/mt and sulfur at
§45/aut, 1t 1s our epialea that the phosphate vock can evearually be
prodeced foi less than SUSH/et, For each dollar veduction 1a reck
fast, there 1s & covresponding 34 vedwctiion In the cost of phosplorie
ectd (1007 ¥ .0, hants).

The lovestucal costs showa (a tables 15 and 16 vere wsed o
calenlate production costs for & 10X return on lovestneat (ROI), These
have been suimariszed In table 17 and alse platted in Flgure 3, The
effect of vock and piices on produciion cests are shove Ia figures 4 and
S, vespectively, The sffect of ROI is showa 1o figwre 6,

Yhe cost of produciion lncreases very vapldly belov 300 wt/day
of r,as. see Figwies 3 and &, Tor thie 1eastn, the niniuun slse phospharic
scld plant should be 300 mt/day. This ts equivalest ta 93,000 mt/yv of Fy0.,
vhieh will sat be enough r,o, to satlafy Coloabhia'es denands threwgh
1980, see Figwie 7, A 40D mt/day plast will produce enough 1o satisfy
the 1980 demand, I 10 18 assuncd (hat o 400 i /day plast e iy, the
cost of production vhea eperating at only 300 wt/day will be appiosinately
the sane a8 & 300 ni/day plant eperating at full rate, see Figwie 7,

A 400 wt/day P,ﬂ, phosphorie acid plant ot Basrancaberne)a
véing Bardinata rock is recoimendsd,


http:t;o~**.rt
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Yable 17
Fhosphorie Acid Production Costs for Plants of Various Sizes in Coloabia

Capacity, F305 200 300 400 200 $00
13 ?:05 per year £6,000 99,000 132,000 165,000 198,000
Flant lavestment Cost 9.9 11,6 13,1 14,8 16.)
Verking Cepital 2 3.3 L0 A7 3.3

Total Isvestment 12,6 14.9 17.1 19.5 21.8
Phosphate reck, 4,0° toas

¥ §$30 (78 r,ﬂa) 130,00 120,00 120,00 120,00 120,00

sulfuric actd® 2,92 tous 80,70 76,3 7338 J0.28 68,94

SURTOTAL 200,70 196, 36 192.% 190,28 186,94
Vater" 0,20 0,20 0,20 0,20 0,20
Yican (mome==fres fron la:f,ta&) - = - - -
Flecerieity, 200 il € 0,010 1,00 1,00 1.00 1.00 1,00
Operating ﬁu?rufﬂad 1,50 1.50 1.50 1.50 1.50
Operating Laber (181,000/y¢)" 2.73 1,83 1,37 1.1 0.91
Hatntenance, 3% of Iaveatment 1.50 5.06 L,% &.48 &.12
Tases and Insurance,

7% of lsvestuesnt 1,00 2.3 1,98 .79 1,635
Depreciation, 6,671 of Tnvestment 9,98 1.7% 6,60 3.9% 3,48
dnalysis, JOR of Laber 0,55 0.37 0.27 0,23 0,18
Iatevest, BX of & of Investment §,00 4L.69 .97 1.58 3. %0
Overhesd, 100X of Laber sy ¢ VRS 1 | AR 1 | (RO 1S ) RN /L )

Eubtotal .8 123, 215.57 210 708,19
intéveat on Varklng Caplral, 81 3,37 2.6 Lt 2,38 2.2
Froduction Cost 239,16 236,44 217,99 213,51 10,4}
101 %01 23,00 M 8 a9 _en

3% 254,16 -”i.l'i 20 277,44 718,64

YOTAL PRICE, §/ten ¥,

Pised ea JEX f}0§ ia recl and 0% recsvery,

Based on al1 €20 as pure apatite,

Jdneludes cooling vater and reclveulated water

;35.-5_-!@45!'- chenicals and miscellancoavs

63,000 nan-houre/yr at spprosisately §3/pan-hovr,

Varking eapltal based on folloviag assunptions: (1) 15,000 at sisisws

culfur laveatory at $45/nt, (3) Reck imventery, 15 days supply er 20,000 me
winiman € §30/nt, (3) 30 days inveantery eof prodect plosphoriec seid (54X r,o;).

. e
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FIGURE 3

OVIIRALL PRODUCTION COST OF 1'205 IN U.8. DOLLARS



300 I : l
‘ o NOTE: - . . - s
290 |- l. ROCK COST =$30U.S./MT (28% P05 -
) 2.RETURN ON INVESTMENT 10% -
280 - _

PHOSPHORIC ACID COST, $/MT P,05

190 — L _ L ' |

200 - 300 400 500 600
PLANT SIZE, 100% P,05 BASIS
| FIGURE &

P205 COST AS A FUNCTION OF SULFUR COST AND PLANT SIZE
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P205 COST AS A FUNC'I‘_ION OF ROCK COST AND PLANT SIZE
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Seneial soimeicielly prows pioissses Me svailabls Jod amnus
fictuie of plosghesis acid. Tie woss SoaaRd ) weed pieness 35 e
fidpdisie process, whish ie alse called tke Prapon procsss.  Seweead
eaglaeering coatiaciors offes this Piotese.  Baes sid addsesses of Ohe
ERRETREIerS are listed 14 the ppendis, The process sonsisis of: (1
feacking Phasplate sack sad stsong salfusie scid (32) &o fowm & slawvy
of wead plosphosic acid wd grpens (Cas0, 2000, (2) Filsesing of The papmm
Foom the plosphosic aid, wnd (3) foRieRieliag fhe plostedis scid.
The Foed snlferie acid 2o poonised 15 & Lok WER et smopile pResgtedis
AEid Fyon dhe FRlias. The aistore of wilds flows o Sl Semadod Jod
vedilion with grownd plospiete sak. The PR diam 3e sdedheinta
Thersfors, coalisg is seguisad 16 beop he slossy in fhe sange of 73°-
$7C. For pypovn Formation, The rock somiains Flamiine, some of whish
1 evelved foom the sonctor, The fumes s9e seribied WEIEA weied de aveid
217 pelleiion, Affes fhe S1advy s Tilieied 40 sonove gypeun, (he
pioduci sonialae sbows 301 r,ﬂi, Phe grpoum Filtes s washiad sousies-
uryently wilh weles (o piovide ihe wesk acid weed La Whe Fiass sty
The 0% P,o, Piodact cam be wond a6 is in & gFennlation Fanlitny o san
be cosceniisiad (wsnaiiy 18 & veonun Ewhieat Fatiad) 1o the desised ?',ﬂ_s
level,

I the acid Ie 19 be shipped, (he comenisstion is waeadly K
r,o,. Ales, the 26id muet be slasifind befose shipping baisues of
postipiecipitation of solids on standing .

The lovge quantitios of bppraduct Erpeun sie weually disponed
of by settiiog in Jarge ponds, Males Fyom the pondes 38 seegelad 1o fhe

pioiess,
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May 31, 1974

Mr, Manvel Martines
Avonos Colombianos, 5.A.
Cartagena

COLOMBIA

Pear Mr, Martises:

Ve certaialy enjoyed our short visit to your facilities in Cartagena,
Your staff asked us masy techmical questions to which we have repliend
in the esclosure, They alse indlcated thet they would sesd a packago
of dravings of your uitric scid plaat,

Ve were gives sanples of the Colosbian phosphate rock and the residus
removed dally from the reactor taske which we lost or uisplaced, Would
you please send us another set of sasples?

Ve hope the commeats on the techalcal guestions will be helpful to you,
Very truly yours,

Donald R, Vaggoner
Sealor Project Leader
Frocess Englnecring Brasch

PDivision of Chemical Development

Ceorge M, Spickard

Civil Eagloser

Design Branch

Division of Chemical Development

Enclosure
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CONXENTS ON QUESTIONS BY THE ANOCOL sTAVY

I, General

1,

2.

3,

Now receiving run-of-mine Colombian phosphate rock vhich is
considerably larger than rock previously received, Must shut
down once per shift to clean the unreacted roex from the
reactors., What can be done to improve?

Since the laboratory snalysis shows that the unreacted rock has
the same p 0’ content as the feed rock, the unreacted rock
probably 1s restdue from the larger particles in the feod, The
only wvay we know to ieprove the situation {s size veduction of
the feed, This can be done vith & rod mill, ball uill, or hammer
will. A rod nill or ball uill (nstallation would probably be
Very expensive for your throughput requirements, Ve recormend
purchase of & hammer mill to reduce the slze to minus 9 mesh,

Can anything be done on a temporary basis to improve the fuse
scrubbers for the complex fertilizer unfe? A permanent solution

has been included 1n the expanalon plans,

Messrs, Young and Kelso nade some recommendations on this in
thelr repore, Ve alse recommend that you (1) try tn-line conden~
sation in the takeoff ducts on esch 6ide of the reaction train,
#nd (2) replace the hollov-cone noeeles In the scrubbers with
full cone norzles,

Can eontaminated vash vater be stored (n 2 pond or something

eintlar? WVhat are some recommendatlons?
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Contaminated wash wvater from the various production units should
be pusped to a lagoon for storege and evaporative disposal, The
lagoon should be located above ground or a dike constructed to
prevent entrance of surface wvater. A lining {wpervious te water
must be furnished, This may consist of a layer of clay 6 inches
(150 wm) thick 1f a deposit of imperviovs clay 1 ressonsbly ac~
cessible, 1If clay fs mot available, a liner of synthetic yubber
or plastic specified to be veafstant to the contaninants is
recommended,

Sire of lagoon depends on the quantity of paterial to be
disposed of, annual vainfall, and vate of evaporation, This
isformation should be available in Cartagens and caleulation of
lagoon size and depth made locally, Since the quantity 1s known
to be relatively small, 1t is reconmended that a somevhat larger
than caleulated lagoon be construeted te allow for erreors in
estivation of parameters and for future espansion,

1. Ammonis Uait

1.

What about corrostion fnhibitore for MEAY

Corrosion fshibiters for wee in MFA ave a falrly vecest devel opment |
Beveral plants ave veing them and are pleased with the vesults,

Bome are uslng areenate compounds and maintais & comcentyation

74 25 ppn of aveente, Hovever, there are safety havards tmvelved
vith the uvse of arcenic and wost conpenies wse the tshibiter
sarketed by Union Carbide, This requives entering inte a

secrecy agreeneat with Unlon Carbide, Ve suggest that you eentact
them for details,
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3,
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What are the advantages of preheating atr to the secondary
veformer and how can it best be done?

Freheating of the atr to the secondary reformer allows shifting
of some of the Joad from the Prinary reformer to the secondary
reformer, thereby increasing the Capacity of the primary veformer,
The upper limit to Prevent overheating of the top portion of the
secondary reforning catalyst 1s abour 900° ¥. You could install
beating surface in the convection section of the pzimary furnace
Just upstrean of the In fan. This would heat the air to around
l.w' F. The furnace Previcusly used ro Prebeat nstural gas for

desul furization could be used to fintsh preheating of the air,

Alse some of rhe lover level heat Vasted to the stack could be
Fecovered by prebeating the feed pas and/or boller feed water,

What can be donme 1o Fecover setivity from the dust-covered
€atalys: im the high-femperature ehift converter?

Bome setivity cam be tenporarily vecovered by back bloving the
bed with gas, However, the €atalyer w111 sril} require changing,
Also ve recommend that ¥ou conslder changing the secend stage
from high temperature 1o low temperature shife eatalysr, You
Probably com get Cirdles Catalyst, Inc,, 1o help with the
evaluation of such & change, Sone of the changes required in

the heat balance were dlscussed with the staff, Ve also disenssed
& nethod of keeping cost data 88 the LYS caralyst and deciding

vhen 19 changs,
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How can the synthesis compressor capacity be increased?
It there are limiting factors in the compressors and not the
drives, extensive changes such as linecrs, new cylinders, etc;,
could be required. The compressor manufacturer would be in
the best position to advise. However, if the drives are the
1imiting factor, an additional 10 to 157 capacity can be
obtained by cooling the motor windinga. Use of an enclosed
hood ejuipped with cooling coils over cach driver is recom-
punded. As a side result, clean air will be in contact with
the windings vhich vill preatty educe the Srequency of cleaning,
Abporption-type refrigeration units using a vaste source of

low-pressura steam usually work well in this application.

Please send information on the continuous on-stream analyzers in

the TVA ammonia unit,

The TVA nmmonia unit han the following continuous analyzers:
Model 200 Lira analyzer, analyzes 0-50 ppm CO exit methanator
Model 200 lira analyzer, analyzes 0-50 ppm C02 cxit methanator
Model 300 Lira analyzer, analyzes 0-4,0% CO exit contactor

Model 300 Lira analyzer, analyzes 0-1.5% €O, exit contactor.

Modei 100 lira analyzer, analyzen mothane. This is a dual-range
{natrugent 0-1,%% methane content exit primary reformer 0-1.5X%

pethane content exit wecondary reformer.

They are MSA Lira infrared analyzern. You can obtain information
by writing tot Mine finfety Appliance Company

Techntical Vroducta Division '

203 North Rraddock Avenue

Piteaburgh, Pennaylvania 15208
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ﬁo;?”Qtht are the possibilities of. using ammonia recovery unit tail;

i gases in the primary reformer for fuel? ‘

A;ihis is standard practice in most ammonia plants. A method
ishould be provided for venting the gas in case of upsets in
“the ammonia recovery system.‘ If the ammonia concentrstion '
_ exceeds 500 ppm, carbamate will form in the control valves -

’ and give problems.

v IIX. Nitric Acid Unit

l. An expansion of the nitric ecid unit wilJ be' required when the’n

complex fertilizer unit is expanded How ‘can this best be done?

. Assuming that there are no other:oottlenecks, an increase in air
capacity will provide a substantial increase. This can be done
by obtaining bleaching air from some other source and putting

~ 8ll of the Brown-Bavari discharge across the gauze. It may be
necessary to add additional gauze. Also, you could change to
"Random Pack'" gauze and even reduce gauze requirements. Those

~ using Random Pack have reported up to one~third reduction ink‘;n
requirements. Your gauze supplier should be ‘able to glve you';f

the required information.

Another way to obtain additionai‘air is to raise'the suction
pressure by installing a blower in the suction line. Of course,
| you will need to obtain recommendations on this from the compressor ]f

manufacturer.
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We are aware of a similar nitric acid’unit operating at 112

gpounds compresaor discharge pressure with an abaorber 10 feet

36 inchea which ia producing 360 short tons per day of 100%

nitric acid The tower contains 34 absorption trays and 2

bleacher trays.‘ Perhaps you can usge theae data for judging the

capacity of your absorber.

ar R o
,.f:‘..: Tl

riﬁ;ngacan?the overall efficiency °f,th§39nit“be 1¢P?°Vﬁa?§;

One way is to minimize the frequency_of‘sbutdoyns required because

~of lack of demand for nitric acid. In our opinion, it would be
better to run at reduced rates than to run at high rates and

~ have frequent shutdowns. Thermal shock to equipment is severe

during startup and shutdown of nitric acid plants. This is
particularly true in the converter-reheater section. Judging
from the stack losses, there is probably a leak now in the

reheater tube bundle, This can be tested by running samples

 of the tail gas before and after the reheater,

..Mr, Homer Graham of TVA talked to some of your staff members
:,when they visited here concerning the airlift for refluxing weak
%acid It is possible that the airlift is not working properly

(wbich would flood weak acid into the strong acid As a natural

reaction, absorption water would be reduced thereby decreasing

kabsorption and increasing losses. Installation of a recycle u"i

bpump to replace the airlift is recommended,

After pickling the gauze, conversion 1s good for a few days and

then falls off rapidly, Why?
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'Thé first point to check is the Pickling procedure, Carefully
folloﬁ ﬁhe Procedure recommended by C and I/Girdler, After
‘ determining that the Pickling Procedure is correct (it Probably
- 18 since conversion ig good immediately following pickle), look
~ for sources of Polson. These could be iron oxide in the air and

NH, streams and/or oil in the anmonia streanm, Primary ammonia

3
(o1l free) only should be used in the acid Plant. 011 filterg
usually do not do ap acceptable job in removing oil to the level
required. Magnetic Separators are available for removing iron

oxide from the ammonia and air Streams. The March 1974 1gsue

of Chemical Engineering Progress (Vol, 70, No. 3) containg

@ discussion of the use of magnetic separators. One of the
‘authors 1s Dr, ¢. R. Gillespie with Englehard Industries,

Maury Hill, New Jersey. Ve Suggest that you write directly
to Dr. Gillespie concerning magnetic Separators and Random

Pack gauze,

If you wash your air intake filterg regularly, do not uge
standard detergents, Phosphates 1in the'detergent can ba a

serious source of poison to the platinum gauge,

In addition to these questions, several other items were discusged,
Anong them was g test for determining the bottlenecks in the unit
and the benefit of additional air, Since the ammonia plant 1g not
using all the air available, air could be sent to the acid unit
through the 1ine already available. This possibility was suggested
by Mr. Van Zelm, We suggest that the air first be submitted for

the bleaching air,
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We also discussed the necessity for being extremely careful no
to lose platinum vhen removing the reheater bundle or &ny equip~|
ment from the waste heat boilor upstream to the gauze, The plect
of equipment should be encapsulated with polyethylene during ranui
and cleaned thoroughly with brushes and a vacuum cleaner, Waste |
heat boilers usually are loaded with platinum particularly after
long periods of service. The tubes should be rodded out and al)
the residue saved for platinum recovery,

4.  What about recent developments in stack cleanup devices?

We are sending a copy of a paper entitled “"Control of Kitrogen
Ox1de Emission from Nitric Acid Plants" by J. C. Barber and

H. L. Faucett,

Urea Unit

1, Pressures are higher than design in the low=pressure decomposition

and absorption sections. Also, smmonia losses are high., Why?

After looking at chemical anslysev of the recycle solution and
at proceer conditions, 1t is evident that the carbamate eystem
contains excessive amounts of carbamate, This means that the
conversion in the reactor is low. Returning the reactor to
desigu pressure and the Nn,:coz mole ratio Lo at least 3.5
(preferably 3.7) should increase the conversion, lower the
carbamate in the recycle system, lower pressures in the gas
systems, and reduce ammonia losses. Also, the only benefit from
operating the first-stage high-pressure decomposer at 350 paig
is shifting of some of the decomposition from the second stage

to the first stage. Since the heat exchanger on the second

stage has been repaired, wve recommend going back to 500 peig



i

=57
on the first stage, In our epinion, the problems {n the low-
Pressure section and the absordeat task are & divect vesult of
isbalance fn the process, Although nore oo, €38 be pushed through
the compressors st lover Yeactor pressure, cosversios 1s lover
and amsonia consumptien is bigher. Frocess conditions st be
balanced against both production rate and losses,

Constderation should be Elvea 1o increasing co, Conpression by
ralsing the suction pressure, This cam be scconplished by
valaing stripper back pressure in the ammonia wnit or fmstal-
ling & blover in the suwitiow 1ine,

Corrosion rates are high {n the high-pressure deconposers
ineluding the rupture disks 2nd fnstrumentation dlaphragns,
The deconposers and Tepture disks are J16L statnless steel
end the tnstrumentation dlaphregns sre titaniun, Daes TVA
have any esperience vith these problens?

Materials of comstruction in the TVA urea plant are the sane
and corrosion has pot been a problem, However, we do inject
alr into the bottom of the high-pressure decomposer and the
oo, fuction line for oxygen Passivat n of the metal surfaces,
Also the disphragns are flushed vith condensate,

Lifeing of relief valves on the discharge of the high-pressure
lll, 8nd carbamate pusps 1s a problens,

Installation of a dip tube in the reactor will provide a gas
cushion at the top and help to daspen pulsations, Also wost
plants have pulsation dempencrs on the pusp discharges,
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Vhat can be dose to prevent buildwp of wiea on the hopper

section ar the batten of the prill tover?

The hopper swifaces cam be coated with spray-on Teflen whieh
vill nisinize the bulldep but will mot preveat 11, A very
sizples axd sffeciive setdad 13 o Tabvicaie ide tover bopper
from rebber conveyor belting and then use & weodes mallet
occasionally to hic the belr and flew 16 se the bulldep will
fall off,

Vhat veuld be the best way 1o tnstall addivionsl spray heads

18 ured prill toves,

This is a piping change vhich we feel can best be vorted eut
there, One possible method is 1o ealarge the dizneter of the
botton of the head tank 1o alleow yoon for additional spreys te

be fastalled,

There Is a problen of niet carryover from the wrea evaporator,
The preceat mist eliminatar 1s & baffled pipe arvengencat, How

can this be fuprovedi

One method vould be to Install a Chevron-type elininater in the
offtake pipe, The efftabe pipe should be sloped wpward and the
elininator installed on & slant to provide for dralnage back inte
the evaporateor, The eliminator should be sised sveh that the
velocity 18 no less than 5 feet per second and mo wore thas 10
Feet per second, The angles should be 90-degree sharp hends apd

the vanes should be spaced 1-1/2 tnches apart,
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If you decide to 1nstall a Chevren mist elinipator, vilte to us

#ad ve will try te contact vendors vhe could de the fabrication,

Viat do you recommend for varl-drive waits for the carbamate snd
snnenias punps?! Do you veconmend constant speed with plessure

blekback valves?

Ve do mot recommend constant speed punps vith pressure kickback,
This 18 & very severe service and the kichback valves are &
tonstast source of malntenance problems, Our vari-drive wnits
éFe the addy cusrreat clutah type, They are wmatlerceoled, They

have gives escelleat service,

in addition to sttempting (s ansver your questions, we would 1iks
to offer & suggestion tonceralng the yrea finishing operation,

Ve question the meed for the very low blure! comtent that is
produted by the erystallinntion 28 reselt reute, It has been

our shservation that wrea wvith scceptable levels of bluret can be
produced by slmply concentrating to & nelt and prilitsg the malt,
Therefore, 1t 18 recommended that you give serious copsideration
to sodifications to permit direct prilling vwithout erystallisation
ond vemelt, Buch a modification would grestly einplify the

finishing operation and could also reduce the smount of waler

reeyeled te the yeasctar,
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