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ABSTRACT OF THE REPORT

This reports covers the survey requested by the Go |
verament of Turkey to UNIDO on technical assistance in mercury
extraction, being ETIBANK the specific Turkish Government agen

cy concerned with the project.

The aim of the survey ie to study the possibilities
improvement of technology, plant and equipment maintenance and
increasing the efficiency of mercury recovery by rotary kilns at
the existing Halikdy and Konya smelting plants, together with the

training of counterpart persomnel in mercury extraction.

In order to fulfill the abovs objectives a thorough stu
dy of the present operating conditione of both metallurgical plants
has been performed, together with a eeries of tests in order to

assess present efficisncy in mercury recovery.
The results of this study have revealed the following:

- The Konya plant .ltiwugh well projected from a metallurgical po
int of view, presentssome deficiencies from mechanical, metal-
lurgical or process control origin that have been analyzed, and
should be corrected in order to achieve the best results in ac-

cordance with the specific recommendations of this report.

- The Halikdy plant bases its operations in an orebody that seems
to exhibit sufficiently good characteristice to adviss the comple
te reconvsrsion of the present Halikdy's metallurgical plant fa-
cilities, now out dated if we except the kilns and some auxilia-

ry facilities.

The nesd for such a reconversion and the fact that

the mine workings are affecting the surface of the present plant

location by ground settlements would advise the construction of a




new plant at a different location, but this decision should be ac

comodated to more favorable market circumstances.

The recommendations included in this study on the
problems existing at Halikoy should be adopted taking into account
the estimated future situation of the mercury market and the final
criteria to be adopted by Etibank's Management on the mplementa

tion of the expansion programme for Halikdoy mine and mercury re

covery plant.




SENERAL INTRODUCTION
Bagkground information

Turkey has been a significamt source of mercury for

over 50 years.

The importance of the industry lies in ite export peten-
tial. The output and trade for mercury in 1.969 ie reflected in
the following figures (in metric tons).

Ereduction  Consymption  Nettrade  Value (§ millism)

203 14 108 3,8

Etibank (the state mining enterprise) dominates the mine-
ral industry of the country, fer in 1.969 it produced all the blister
copper, 56% of the chromite, 37% of the broon minerale and 63%
of the mercury.

Etibank in one of Turksy's State-Owned EKcomemic Enter-
prises which has a world-wide reputation in mining. Its capital of
500 million Turkish liras is fully paid up. Etibank's aseets at the
ond of 1.969 stood above 5,4 billion Turkish lirae.

Etibank is a profit making State-Owned Ecenomic Enter-
prise. It turns over to the State Treasury a considerabie share of
its yearly profits and reinvests the surpiue profits previded by ite
own sources, thus ensuring to a major extent the develepment of
Turkey's econemy. In 1.969 it invested more than one billion Twur.
kish liras in its power producing and mining installations.

Etibank produces chreme ore, blister copper, fsrre
chrome, prime mercury, refined sulphur, cupreus pyrites, lead and
sinc concentrates, sulphuric acid, borax and boric acid and besides
meeting the demand for domestic consumplion, it emperte chreme ere,




blister copper, prime mercury, colemanite ore, cuprous pyrites,

borax, boric acid and ferro chrome,

Etibank's activitien include the building of power plants
and the transmiseion lines and distribution of the power to various

parts of the country,

Etibank also performs banking services since the year
1987. It has banking branches in Turkey's chief towns and commer
cial conters.

At present, Etibank has seven fully owned subsidiary i
aing establishmen's and operates four mining works,ithas also seven
hydraulic and four thermal power plants. At the ead of 1969, the -
aumber of its banking branches has risen t¢ tliity nine. Etibank is
also a ehareholder in twenty seven financial, commercial and indusg

trial companies.

At the end of 1969, the total ncrnital capital of the com
penies of which Etibank possesses 15% or moiz chares amounted to
3.369.292. 500 -Turkish liras. Etibank's shave cof this capital is --
397. 163. 805 -Turkish liras.

Four of the companies of which Etibank is a partner ha-
ve been founded with the participation of forsign capital,

The share of Etibank in the mercury industry has increa
oed oteadily since 1965, when total exports of 73.2 tens of mercury
were performed 34% by private mines and 46% by Etibark. Thig pro
portion was reserved in 1969, 37% being porfoiined Ly private en-
terprise and 63% by Etibank.

The total number of private mines vorling in 1569 were
11, while enly 2 (Konya and Halikiy) were op..ztcd by Etihank, The
Mgh price of mercury over the 1965 - 1969 cnccuraged Etibank to
increase capacity (including the reopening of the old Konya mine
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in 1969) and the State Planning Organization, SPO, to back a priva
te mercury development company. However the price for mercury

receding back continuously from a high of $ 536 in 1968, has made
necessary the revision of the rather ambitious development plans es

tablished in 1970/1971.

These plans included expansion programmes for the ato
rementionned existing plants and studies for the establishment of -

new mercury mining and smelting plant.

In the frame of this programme the Government of Tugp
key through the UNDP Resident Representative, submitted a request
to UNIDO for technical assistance in mercury extraction, being Eti-

-k the specific Government agency concerned with the project.
Oob 4 f the o

The primary objectives of the project, as described in
the Substantive Terms of Reference attached to UNIDO'S invitation

and on which Tecniberia's proposal was submitted were:

The improvement of the existing mining and smelting -
operations, at Halikdy and Konya as well as a suggesting an action
related to the future development of the mercury industry of the coun

try.

The specific tasks to be implemented were the following:

1. Regarding the existing facilities at Halikdy and Konya

. Study and assess the operating efficiency of the plants with
particular regard to the recovery of mercury in rotary kilns.

The assessment should include technical and economic aspects.

. Based on the assessment of the existing operations, elaborate
specific recommendations leading to improvement of technolo-
gy, plant and equipment maintenance, and to increased effi-

ciency of recovery of mercury.
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- Train counterpart personnel in mercury extraction, providing
on the spot advice and guidance and/or short duration cour-

ses.
rdin evelopment programme

- Based on the contractor's experience and taking into full con-
sideration the existing local conditions, advise the Mining,
Smelting and Associated Industries Project and Implementation
Development on the expansion prograrmme for the Hali Koy
and Konya mercury mining and smelting plants. The advice
should also include suggestions regarding the type of additional

studies required.

Review the available information and dot on the esgtablishment of
& new mercury plant and advise on elaboration of additional

studies, if any.

Nevertheless, and taking into account the pPresent situation

of the world mercury market the Goverment of Turkey decided to give

up the expansions of the existing plants together with the development
programme for the stablishment of a new mercury plant, for the ti-

me being.

Also it was considered by the Turkish authorities that the
termgof reférence for this survey should be purely on technical
matters related to the mercury recovery and should not encompass
any economical matters nor the assessment of technical end econo-
mical aspects of the mining methode and mercury potential of the

mines,

8uch amendments to the terms. of reference were included
in the letter sent by Etibank to UNDP, dated March 31, 1.972 and

commenting on the draft contract between UNIDO and Tecniberia.




The proposed alterations to the contract were discussed
and agreed at the arrival of the second mission of Tecniberia at

Project area and the aims of the study were restricted to

A) lmproving technology, plant and equipment maintenance and in
creasing the efficiency of mercury recovery by rotary kiin at

the existing Halikoy and Konya smelting plants;
Training counterpart personnel in mercury extraction.

Scope of the study

The ecope of the etudy was based in the mcomplishment
of the project aime stated in the above paragraph. Therefore the

following servicee have been provided:

A. Dats Collection

Collect basic available data on the technical aspects of the exist
ing mining and smelting plants of Halikoy and Konya. In order
to collect euch data, a team of two (2) Contractor experts visi
ted the Project Area for one week. After completion of the
data collection and its analysis in the Home Otfice, the Con-
tractor's team returned to the Project Area to accomplish

the tasks set forth in sub-paragraphs B through D inclusive,
below.

B Mining Methods
Study ore breaking, ore loading and ore transportation and pro-

vide recommendations for their possible improvement.

C. Smelting
Analyze exieting smelting operations and assess present efficien

cy in mercury recovery as follows:




1.

Technical Aspects

a) Nature of Treated Ore
(1) Mineralogical Composition

(i) Determination of ore components.

(1i) Mercury content and ore type (cinnabar, metacinnabar,

tetrahedrite, etc.).

(iii) Content in other minerals, especially the arsenic bearing
ones (orpiment, mispickel, etc.) and pyrites, galena,
blende and the like.

(iv) Type of gangue and related problems (abrasion).

(2) Granulometry

Maximum size of mine run.

(3) Humidity
Humidity content and related problems (fuel consumption, kiln

feeding and material flow).

b) Operating Process
(1) Treated Ore and Gas Analysis and Sampling
Determine by analysis and sampling, the CO2 content in kiln
exit gases and the mercury content of the following:

() Treated Ore

Perform sampling in the kiln's focding mechanism and/

/er in the conveyor to the kiln fzcding bin utilizing the
usual analysis methods of Eska or Colorimetric. Per
several daily analyses if arsenic is present.

Calcined Ore

Since it must be controlled daily, take one sample each

hour.

(148) Seack Gases
Perform representative sampling correctly since this

item is the main source of mercury losses. Analyze
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the mercury in stack gases in order to estimate
the stack losses.

Dust

Analyze the cyclone dust to determine its mer-
cury content. Determine the losses by the
collected dust (tons/day) x %o Hg.

Waste Water

Analyze the mercury lost in waste water.

CO2 in Kiln Exit Gases

Analyze the CO; content in exit gases in order

to control the combustion process. (Its content

in exit gases should not be greater than 10-119,
CO2).

¢) Temperature Control in Gas Circuits

Taking into account the difficulties presently experienced
in measuring calcining temperatures, examine and assess

temperatures at the following gas circuit points:

(1) At Kiln Exit (T})
(2) At Condensing System Inlet (T2)
(3) At Condensing System Outlet (T 3)
(4) At Stack Inlet (Tg)

Pressure Control

Determine and assess pressures at the fellowing points:
(1) Kiln Enit (P})

(2) Cyclene Gae Exit (P3)

(3) Enbhausting Fan-Section (P3)

Laberatery Control Ferm

Record daily the main control figures shown above in order
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to maintain proper control of the mercury recovery process

on a laboratory control form.
f) Materials Balance

After analysis of the above data, establish the material
balance of the process in order to assess the technical

efficiency of mercury recovery of the installation.

§) The above assessment shall be based upon measurements

made with existing instrumentation on site.

2. fpecific Recommendations

Taking into account the results of the above assessment of
the plant's operating efficiencies in mercury recovery, provi-
de specific recommendations on possible improvements in

the following arcas:

a) Technology and Mercury Recovery

Gas and fuel circuits and mercury recovery

b) Plant Overall Operation
Mechaniszation, automation, gas tightness and plant per-

sonnel protection against intoxication.

c) Equipment Maintenance
Floating movement of rotary kiln, refractories, mechanical
maintenance and corrosion problems in the condensing

system.
ining in rcury Extraction

After the present technical efficiency of the mercury metallur-
gical plante is determined, give on the spot advice in order to
improve the present situation, provide patterns of correct plamt

16




operation together with a short course to train counterpart
personnel in mercury extraction. Place emphasis on control

procedures for:

a) Treated Ore

b) Calcinsd Ore

c) CO;z at Kiln Exit Gases
d) Temperatures

e) Pressures

f) Gas Circuits Tightness

Msthedelogy of the study

Taking into account that two metaliurgical plants, Konya
sad Halikoy had to be studied, the time factor was a basic element
in this instance and thus it was necessary to give special atteation

to the methodology in the perfermance of the study.

The accomplishment of the preject was divided into stages
of epecific nature, the first ene of them being used as a basis tor
the twe next ones. Detailed pregramming of sach stage was carried
out with great flexibility, establishing weekly pregrams, with a de
tailed schedule taking inte acceunt the number and diversity of ac
tions simultanesusly in process.

Aftsr a first stage of one week from 6 March through 12
March 1972 at the Project area with the mrpeose of cellecting by
sic available data on the sxisting mining nd smelting plants eof
Keaya and Halikdy and familiarisation wit: the preblems to be -
studied, questionnaires (see Annexes A\ ard B) were submitted to
the Turkish counterparts in order te be fully completed and the
firet miseion returned te Spain te perforn. the analysis of the cq
lected data in the heme office and to prepare the worhing pregram

17



for the next stages which were devoted in Turkey to:

a) Research

Stages at the Konya and Halikoy plants, performing adequate -
tests to analyre existing smelting operations and assess present

efficiency in mercury recovery.

b/ Analysis of research

Study of the information gathered through research andestablish

ment of preliminary conclusions and recommendations.

General gtrycture of the report

The general table of contents clecarly shows the general -
structure of this report very much in agreeinent with the contract,

previously summarized in this Intreductica,

Another factor which determines the order of exposition was
the basic principles of report writing, spocificd in Annex B to con

tract, which we have tried to observe at all times.

Section I, Introduction, includes: Teamn Ccrpoeition, Acknowledge-

ments, Abstract of the Report and General Introduction,

Section 1], includes Problems and Recomrncndations.

Sectiong IlI, IV and V are the body of the report.

Sectign 1lI, includes a general description of the present ingtallations
of the Konya and Halikdy plants, starting with a summary of the min
ing operations, followed by the present characteristics of the metal-
lurgical plants, including plant description with flow sheet of the prg
cesses, operating data, equipment data, present operating conditions

and process control.

18



Section 1V deals with the developnicii ana results of the performed

tests at both metallurgical plants.

Section V summarizes the action followed for personnel training in

mercury extraction practices,

Taking into account the specifically practical nature of the
objectives of this study, its body has been discharged, as much as
possible, from complementary material which has been gathered in

form of Annexes in Section VI of the report.

Section VIl is the terminal section of the report, reenfor-
cing the conclusions drawn and the recommendations made, sup-

plemented by a selected bibliography on mercury technology.

Statistical data, graphs and tables are displaved for conve
nience and more accesibility, at the end of each corresponding Sec

tion.
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1I.1.

KONYA
A. Mining

A.l.

A.2.

Problems
During the First Miseion to Project Area the

mining operations of the BUylk Ogcak mine of the Sisma dig
trict were visited.

The main problems faced by mining operations
in that orebody are:

- Very irregular mineralisation of the erebedy, with small
benansa areas and large mase of waste.

- Fow prepared recerves

- Lack of orebedy investigation

« Abeence of mechanisation

« Excess of laber

- Excess of subgrdinate and administrative peresunel

The first four aforementioned problome ave cig
sely tied together and their relationship it established by
the nature of the orebedy.

its lack of regularity makes necessary the es-
tablishment of an accelerated rhythm in the preparation of
reserves and investigation of new areas.

In order %o maintain the laber ferce of the mi-
ne within reaconable limits it ie compuloory to sotablioh
the manimum peseible mechanisation of the epetations te
allow the winning of the necescary ore tamnage for the opp
ration of the metallurgical plant.
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Therelore, our recommendatiom are:

Te increane the geological studies and number of dri}
linge in order @ perform only in waste areas such -

workinge with poseibilities of siirking mineralizations.

Te purchase medern drilling equipiment suitable to be
oporated by a single worher.

Te purchase amall loading ', ¢ls, to get a reduction
ia excens labor pre: itly « 'iig in the loading of ore

and waste inte waone.

Transport problems are, in ¢y pinicn, much more
@fficult to eplve, as this .. '| nced the m lification

of the mine's afrastructure,

The need for the it tucty o of dep changes in the

present organiseti-n of 1L 12 ¢ ot g at the vnder-
ground workings is cvident, I ¥ ..ya mine is compa-
ted with ether 8 :nish nmuncs of similae trregular mi-

nervalisation, ae ehcwn L:ilow:

XKonya _ Qiler mnineg

Tone of ore/day 200 200
Laber force 410 150
MHoure per man and day ¢ ?
Werking daye per year 300 280
Total hours/year 782 400 294,000
Kg. of ore per man hour 79 190

The above dilfercincva in citiclency have heen

reached by an intensive mechauizatinn, this being, on the
otheor hand, the oaly sclutivu that will all.w the min s to
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bear the stremg increases in the labor coat.

6. Concerning administrative and subordinate personnel
their number is very high at Konya, as shewn by the
fellowing figures:

Konys Other mines

Total payroill 694 187
Administrative 78 6
Total payr/admin. ratio 9 31

The 1/30 ratio is normal in Spanish mines. The-
refore, at Konya it will be necessary:

- To eliminate excessive number of forms.
- To centralise at Ankara payroll, orders, accounting and

other services.

It is important 1o realize that once the present
mercury crisis 18 over the price curve will tend to some
kind of stabilization, but the labor cost curve will be
strongly growing, and there‘ore if the proper corrective
measures are not taken, .abor cost increments will have
a great unfavorable repercussion on the mercury extraction

induetry.

The technical personnel at Konya is tetally qua-
lified to study specific solutions to the aforementioned pro-
blems, that should be carefully etudied taking full account
of local conditions, e¢.g. , impact of such labor force re-
ductien on employment gituation in the area. However, it

deserves clese attention on the part of local management.

® Mewiaraical Plaat

T™he prehlame of the Konys metalinr ncai plant
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may be classified in three main groups: metallurg:cal, mecha

nical and process control problems.

et rgical problems

We will include in this group all those problems
that may give place to a defective utilization or to a low ef

ficiency of the plant.

The fundamental metallurgical problems arise

from:

- Granulometry of feed ore

- Dafective feeding and roasting of the ore
- Frequent slag formation

- Handling of cyclone dust

- Handling of stupps at the Exeli heeing machine

In general the aforementicned problems are not
of an independent nature. Thcicfore e recorninendations
proposed below are interrelated in s.ine aspects and should
be adopted taking into account their mutual existing relation

ship.

Recommendations on metallurgical problems

This is one of the factors that gives place to

strong unbalance in the operating process,

During our stay at the plant we recornmended
to perform granulometric analysis of the feed ore, that

had never been made before.

Reported results of dry screen analysis of the

ore sample show that 36.6 per cent of the ore is below
4 mm,

A 50 high percentage of fines in the ore causes

& defoctive feeding of the kilns, a reduction in the operating
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c ipacity of the same, frequent slag formation and a large
drag of dust towards the cyclones and the condenser with
the consequent leaning out of mercury in the stupps and

defective mercury recovery in the hoeing machine.

Allthess agpects emphacize the interest in doing
the best with the presently available facilitiss to palliate the
problems proceeding from the granulometry of the ore. A
final selution can only be found with a total change of the

present ore treatment.

Therefore the objectives to be achieved with the
presently available facilities arve:

a) not increaeing the percentage of finee in the feed orve
by improper crushing
b) to feed the kilns with the largest possible ore size

The present crushing system does not meet the
first objective, as can be seen in the flow-oheet of the
process (see drawing lll-1, Sectien I11).

The system has the drawback of passing all run
of mine ore though the primary crusher (4) and the 40 mm
scroen (3). Therefore, sizes over 40 wmm are crushed again
at the secondary crusher (6) with the reeult of a substential
increase in the total centent of fines in the crushed ore.

We recommend in order net 9 increass abmeor-
mally the propoertion of fines, ‘o modify the present crus)
ing system as fellows:

- To remove or by-pase the primary cresher (4).
- To convey the run of mine ore directly to the screem LN
increasing the opening of this screen above 80 mwm.
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- To regulate the emit sise of secendary crusher (6) in
such a way that the coarse ore sise will be sbove 80 mm.

The sise of 80 mm for the cearse ore is merg
ly indicative as the secend imperwanat objective to be met
is 10 achieve the feeding of the hilne with the largest poy
sible ore sise. This eptimum sise can oaly be found by
the trial and orrer methed, and after a careful control dy
ring & preper longth of time of the fellewing factore:

a) Tennage of calcined ore with different sises
b) Content of mercury in the burnt ore or "calcine'

c) Meppagee by slag formation

If the bohaviour of the feeding system and the
kilne are satisfactory with a given sise of cearse ore .
ring & oufficiont length of time and facters a), b) and ¢)
are aloe faverable during the trial peried, ore sise should
b greduaily increased wp % masimum poesible limits --
w&ommuumqmum“cﬁo
ry crusher. |

We anticipate that it will be possibie to feed
ore wp 0 130 mm. |

To otudy a cenclusive sslution it i¢ necessary
o porfoom 2 oyotomeatic otudy of the corvolotion onioting
m.udnu‘mmym.m.m.--
u"c“ﬁoﬂtﬂnmm‘umuz

SA¥aisn S0
* Ose slee 8 mm. A “
- Ove olse ¢.8 . A N

The reculte of he sbove t0ote might lead %




B 2.2

study a different process for the processing of the fines.
Summing up, we may state:

- There is a transitory scoiution which would partially at-
tenuate the effects of the excess of tines, with slight mg

difications of the presently exmisting crushing circuit,

- It is convenient to make a systematic study of the corrg
lation between gramulometry and mercury grade of the
ote. The results of such study may give place tv the con
venience of a new imetallation for the treatment of the fi

nes, once the present mercury crisis will be over
oasti ft

The defective ore feeding to the kilns give plg
ce to a low capacity utilization of the plant The d&iffi-
culties found 1n the ore feeding are mainly due to a bad
eannedion between the shaker feeder and the 30 t. surge
bin. Nevertheless, when the feedip rate 18 increased

the following problems hiie arisen:

« Rejects of ore through the e¢ntry side of the kilne ta-
ke place.

» Calcines ohow an increase in mercury content

Therefore the solutions recommended beleow, mwust
Wahe inte account the above difficulties.

The preper feeding rete will be attained with the
modifications in the cemnnection between the surge Mn and
the feeder, showain drawing 1 -1. The reject of ere will
be totally overcome by an entension in length of 1.20 m.
of the foeder and previding to such emtencion a small ip
crease in diameter.
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Therefore, with a more regular feeding v! ore and
aveiding ore rejects, we shall get a deeper bed of ore in
te the kiln.

To achieve a good roasting 1s of paramount impeg
tance, a8 the result of the tests have shown that normally
at Keaya, mercury losses in the caliines are much higher

than it was suspected.

Nevertheless, to get saticf.ctory calcines 18 a corp
premise between technical and e .:i..mical problems 1n of

dot 0 reach a satisfactory balance a:nong:

Feed rate
Retating speed of the kiln
Fwel-0il consumption

Mercury content of calcines

It is of paramount impostiace (o achieve a proper
metallurgical process that the feod iate is normally perfog
med. If such is not the case (o1 il il.c feeder gets empty‘).
wabalance arisesin the condenzing piocuss together with air

inlets into the system.

The operating process, cnce iutroducad the afore-
meationed changes in the feeding syl in, will be couduc-
ted as follows:

« The kila will start its operation ot the present feeding
conditions and fuel rate, reducing gradually the rotating
opoed of the kilm until rejects of ors take place, through
the feeding end of the kiln. The miuimum spsed compa-
hle with the abesence of ore rcject will be maintained.
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- During three or four hours calcines will bo contrelled
for mercury comiont.

- 11 such comtont i@ satisfactorily lew, the feed rate and
the retating speed of the hila will be beth increased gra
dually, witheut changing the fuel input, until getting a
balanced eperation (always with a preper Hg conteat in
the calcines) by succe@ive trials.

- If the mercury content of the calcines shows an increy
oo, fuel oil input would be increased (watching carefy]
ly Ct)a comtont in onit gases and possible slag forma-
tion). Should the mercury cemtent in calcines not decrey
oo, then the feed rate and the kiln speed must be decrey
ood.

Te got satiofactery resultes, with such tests, continuity
is & must and, eovidently, repid resulte irem analysis
at the Laberatery.

8.2.3 Neslermalise

This is a rother commen predblem at Koava and
the main reaoons fe?f its existence are:

- Lew (usibility of the gangue

- Concontration of the high temperature asene ia a very
short longth of the hiln

- Migh content of fines in the Rkiln

Slag fermatien will be reduced by feeding the khilne
with a convear sise ore and by aveiding the feed-back of
cyclone duet to the hiln




B.2.4. Cyclone dust

Handling of cyclone dust is done at Konya, by con
veying the dust though a screw-ccuveyor to the calcines’
bin, where the sensible heat of th: cualcines is used to

distill the mercury contznt of ili. dust,

As an average of 1.5 tun of cyclenz duct is reco
vered every day with a mercury cotteut of 0. 075%, the
total mercury in the cyclone dagt amounts to scine 1,125
kg/day. With an average produciicu ¢f 7 flasls/Jduy of mer
cury, the losses in mercury if the cyclonz duo.t o5 taken

to waste would amouni 15 0.45%. ¥evoowith 3o lee nsrcu

ry content in cyclene divct, this rooey vy of @ e 3l per

centage of mercury in tle cyclone o ds s cdoovinge

totally offset by the pri'lumeg cuiginzind Ly Jdz pooinanent

tem.
Such problems ace:

Iy 'J:.,'U_'.l it Ol

Clouding of the flame avoiling o .

(=] i Y

of calcines

Difficult combustion of the fuel

More frequent slag forrnation

Creation of a toxic environin-ni ot tie combusticun end

and at the discharge of calcii s

Normal practice in meiwcury plants sdvices the dig
posal of cyclone duet to waste whoen iis wercury couatent

is equal to or balow the gradz of ik: cve.

In the case of Ilcitya it is thuas times less. The-

refore, we recommend to send cyclone dvet to wvoste, al-
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though it is a product of ditficult handling. The system
shown in drawing 11.2, where cyclone dust is mixed with

water has given good results.
ndlin t

Handling of stupps at the hoeing machine is giving
poor results at Konya as the pressence of bituminous sha
les in the ore and the uaburnt residues of fuel-oil give
place toolefines formation and to other organic substan-
ces which condense together with the mercury. These grea
sy substances hinder the very tiny droplets of mercury -
(sven treated with lime and mechanically hoed) to reach a
sufficient degree of coalescence, lowering their specific
weight and resulting in a poor sfficiency of the hoeing

machine.

The stuppe collected at the hydraulic seal of the

condensing pond are classified at Konya in two categeries:

- Stupps with high mercury ceatent

- Stupps with low mercury coatent

This classification is done by visual appreciation
of the worker in charge of their distribution.

The cycle followed by the stupps is shown at the

flow-sheest slready discussed.

Rich stupps treated inte the heeing machine, have
tbout 40% Hg. The efficiency of recovery is not greater
than 60% in the heeing precess.

The poor stuppe tegether with the used enes frem
the machine are fod back manually te the hiin.
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The above system originates the following incon-

veniences:

- Bad efficiency at the hoezing machine
- Use of labor in a very toxic cuviroament
- Unbalanced conditions and mercary losses in the conden

sing system

We recommend therefore to discontinue the recy-
cling of stupps and to study the pzcwsibility of adopting the
system used at the Spanish plaut of Alinaden described in

Annex F.

Such pcessibility can caly Lo cvzluated afier a test
period at laboratory and at pitot jloat scale, as Konya
stupps may show a differcnt 1or ;0 1:e to the systemn than

those of Almaden,

B. 3. Mechanical Problems

B. 4. Recemmendntions on mochavioal puo!t e

i
i

Prcblems of mec uicnl o 'gin are found at the

following sections of the p'ant:

- Output feeder of the ruu of iz «.c bin

Output feeder of the 1,000 t cvu ' .3 oie bin
Filling system of 50 t bins

Vibrator feeder of calciics Lin

Cenveying of calcines to duinp

Refractories life

Py

We have obsoivael that ¢ - . bluns of mechanical

origia are often palliatud ot .oy b, " tug & worker at

¥

the points where difficulii~c zvise. 1174 welution raust be
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B 4.3

avoided as riesing costs in labor will have an ever growing

intluence on production results.

In the paragraphs below we analyse the main pro
blems of mechanical origin and the recommended solutions

to them.

Qutput feeder of the run of mipe ove bin

This feeder, of the rocking tray type on roilers,

closes the output epening of the bin. Its travel and tray
are short, and therefore the closing of the bin 1s \mper
fect with the result of ore overflow. The presentiy adop-
ted selution based in a hand operated gate, needs the pre

sence of a worker per shift (4 men/day).

We recommend to adopt a suitable mechanical sys
tem, which with a small investment would allow to per-
form automatically the discharge of the bin without man-

nual help.
O { § t ban

This tfeeder is out of service for the same reagons
as above. We recammend to adept one of the many relia
ble enioting mechamical feeders to correct the presemt s

tustion.
EFiliag of 80t bing
To sveid the everflow of ore frem thees bins, a

man per ohift is lecated at the discharge end of the con
veyers to the bine.

The system could be made automatic, but we 8-
timate that as a mah must watch the crushing and cenve

3
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B 4 4.

B. 4.5

B.46

ying installation, the aulcr..tica of the 50 t. bin may be

disregarded for the tivnc Loing.

Yibrator output fc

calel i

The available hoicht o0 10 oatlet of the calcines
bin to the ground ig voiy sianll, a0l thervefore it 18 not pos
sible to find a pwn.or woleliea t, the stoppages originated

by the clogging of the Lin outlei Ly the fall of slag pieces.

conveying of calcires

The systcmn vzod vp to o000, 30 vory tozic [ la-

bor, needs a great o - ¢ ol 1.0 0 Tooce aull gives place

to very fieyoeent stopra: 3 by oo Yoaciliacat and rail
failures.

A nowosysion do o e L oy oV, be e
ling and gy tippieg i ST O R
the above iner srodl ! - Ty Cvend
that the eystoa shov?l Voo oo ! Dly oa ntew vy
of the calcsivig to oy 1Y 1 AT S KPR S 3
This can bo cchicvo l by oo v Toon oy Ll of the

bin and the sMip teso et b 0 00 T e aloo poovildaed
with a cover and a ot - tolics o 0 e highost lovel of
the plant. Calcines clootd Lo v Ply welsr gy nyn

while in the bins.

Refractory life

As it con be oo da the o, of kila o

.
(ee@ Annex G ) the so .t foog - o0 yigln of thuce are

£y

vefvactory repeive avd » 180 g,

The amount «f * :y in th: 2.5 at Konya is wodera

-




|
!

te and in any case lower than that preeent in ores know:!
by us and treated in rotary kilne with refractory hife a e

raging two and half years.

Refractory life at Konya has never been longer than
14 months. The main causes for such a short lite may br
the poor quality of the retfractory, bad setting o! the bricks
and abrupt temperature changes.

In Annex H, epecifications for the recommended rg

fractory brick are given

Process contrel preblems

Process coatrol is fundamental for an efficient plent
operation, and all our reconinendations can only be 8 guide
to be fellowed in a eystematic and patient way by the Konva
experts to finally achieve operating results in ac. ordance -
with the irequent changes in the characteristics o' the availa

ble ore.

We would like to emphasise that in our opimot. .o
cegs control problems have net been given full consideration
at Konya up to now. Pregent centrol instrementation 10 11y
dequate and the very unhandy set up of the measuring points
at the piant, invelves great physical efferts for the operating
pereonnel in charge of reading and vecording, with the pre-
bable result of incomplete or wreng readings, and abeve all
with the lack of taking preper ad quick action to corred!
any deviation of the precsess.

This lack of attontion and carelessness 1n coPre.-

»




Hee Mmeasurcs,

Main problaine . !
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CUPS AN iwii. ul Pich comcentrations ingerted 1n ' vtallv -
doad or waste 10n@e, mahkes it very difficult to ontain o
representative mePcury grade of the ofe, and (arries -
along with it a serieos of srrore in sampling and analveis that

may lead to abnormal results in efficioncy calculations

Sampling syetem at Kenya may be qualitied as ge
nerally cerrect bt needs seme imprevements n order te

minimise errere inherent to sampling precess.

1t 1s tetally out ot the scope of this report to -
considor the theoretical grounde of sampling techniques.
bt novertheless it io Recessary te review in the meet
simplifieod poseidble manner seme fundamental aspects ot
the source ot sampling errore, teo draw the practical (on
clusions o be applied to the case of Kenya. This summy
ry alalyeis ie given i Annes |

The sampler weed at Kenya plant has the tello-
wing drawbache

a) The rectangular eponing of the cutter is ast wide enough
o) The heoad of the ere fall io tee high and bouncing o' -
large particles (6 commen.

¢) The oyotem 10 oubmitted (0 (requent cloggings.

Froem the anaiyeis of Annen ! the fellowing re-
commendations can be sstabliched:

1) The mechanical sampling dovice presently ia eporetion
at Renya must be medified accordiag 10 the conditions
given i Amnen |

3) Covveolation must be cstabliched ameng mercury grade

%




of each sample and the (oriezponding amount ot are

weighed though the uitoinatic ccale.

In that way, at the c¢ud of evory

lation would be ready:

Woeight (Kg) _% Hg

P G,
Pg Gy
Pa Gn
b
Average giade - -~ " .
Z.P,

3) Mumber of samp'ra ¢l ald he fi

of Aunex 1.

4) The assayiug ton, s | ]

day the following tabu

Kg x Hy %
K,
K,

iid following the rules

ciay b ot e sped  up.

'“.tead (}f 2 Bilh-“/ I J. ot it s l . “J‘-lﬁ to
perfocrm 8 or 10, & .- oq 'y tha puec Loy of bure
ners, crucibles, ¢ "1 ' ot Thi e,

B.63 Zamperutiia Cooul
T‘hi. corntaool v o P {0
petion (unit II) at (1. | oo
m fnstou . nte
- M k“n exi'. (Pylf.n;.‘;‘ S S C‘x
o M fan Inlet (thenaciicier)
e M fan outlet (thesinc..ster)

~y

The pyrometor j.ohe waue ¢

40

o tue oely Nilain ope

claceit, wsiuyg tha fol

Crtue en pruiel)

arnaged glving wrong
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5.6

indications, and the thermemetore weed st fan inlet and
outiot had & 1we short stom, with the prebable result of
wreng readings. On the ether hand, the lecatien of the

thermemeters is very wahaady, mahing preper readiags
diffteuit and time cenouming.

Therefore we recommend the instaliation of new -
lomPporature measuring instruments, with contrelised indy
cotion and recording on panel.

In Annen D |, opecifications of these instrements
ere previded.

Erassncs Cestaal

The pressure indicators en the gas circeit, show
% overy mement the eperating anemalies in presence (clag
sing of ducts, abmermal air inlete, otc. ).

The dreft gouges uweed ot Kemya, sithough simple,
are good cnsugh for contrel purpeces. They are comtralj
od 8 2 panel.

Neverthelese #t is necossary 0 poy careful atten-
Uon to their indicatiens asnd %0 tohe quick actien ia caoe
of amomalies, 10 correct tham. The clegging for ingtence.
i & condencer tube gives plase 0 gae overisade in the
rOMaining onee and o an increase in the spoed of gases
with the result of abnermal mercury and duet drage.

Saa_Asaineis aad stach lesess cemtrel

Astaying of furnsce gaoee for COp and O3 dotermy
atien had never boon made ¢t Keoays, Thevetore tensl gae
velume, and the amount of encess air drown through the

“




furnace were unhaowa. Neither stach goo ascaying for Ng
dotermination is performed.

Abnormal encees air drawa (o the furngce, ecca-
siene moercury leeses by defeciive condonsstiion, drag, and
soot fermation.

Tes much encess air is (roquent at Keaya, due o
uncontrellied air drawn theugh celcines bin, ¢ bad com-
bustion regulstion and te emptying of hila ore feeder. The
locatien of the an botween .yclenes and cendensers mahes
the remaining part of the circuit work uader precsure prg
cluding air inlet ime it

We recommend therefore the instelietion of o re-
cording instrament for O3 determination 8t the hiln emit
0 order t¢ hnow at svery momemt the ameount of encese
ol in order tq maimtain the eperation of the khila withia
preper combustion conditions.

Bpecifications of O3 analysers are givea in An-
sen D

Rack locoos through gas ascaying for Hg dutermy
astien are very difficult to aseess, taking inte accoumt
the @ifficulty of getting in the sampling duct similar aerg
dinamical conditions as theeo onisting in the stack duct.
Thervelore ot sampling enly less donse mercury particles
0r0 recovered than these travelling theugh the stach duet,
which results ia inaccurate analysis.

The caperience hae preved in other plante that the
moveury doposite ia a given longth of the stach duet are
greater by far than the ameunts correspending to the obg

4



ve rowtine anelysis.

Even though it was not peesibie te measure mer.y
ry losoes ot scrubbere and ostach uet, (such lesses ma.
be recovered by poriedical clnaning, and thereiore the:
are aet 100000 in & praper senee) the scrubbers shewid
e medified to allow their cleaning.

The censtruction ot a parailel stack Guct 1o the -
onisting one, would allow the cleaning of ene o' the du. s
while the socond i in epsration. This precedure wewld -
allow the aseccement of stach loeees with an ermail inveqs
ment and the recovery of the mercury doposite

The most officiont methed te sveid stach loeses al-
though roquiring & higher investmont is the installatien of
a wot scrubber similar to theos shewn n Aamex E . 1o
reduce such 100ces to a minimum, contributing te emtre-
mely good officioncios in total mercury recever,

2






1.3, MALMQY
A Miaias
| Prahleme
The mining eporations of she MHalihey mercury

orebady were visited during the Firet Mission to Preject
Aves .

Thieo orebody io well ¢ofined as¢ it presents iteelf
olong the Bodyah feult snd at the dlacerdant cemtact of
wmicsochiots and gneiss. Given ite importance, more atten.
tion ohould bo paid ia all phases of ite mining operatiens.

The prodlome faced by the mining operations in
he ovebedy dorive fundamentally frem the aging of ite
m.‘lmhhchdwtﬂuuh.m«h
on almost complote lack of investigation), snd this hao
oiven place o & dovelopment of the wndorground workings
olmeet simuitanceus 9 the need of now enploitations .

Ao & concequence of thie situation the knows re-
0rvee of ove have boen always insufficient, giving place
o he perfermance of access werkinge in the mest esasy
poscible way, but disregarding their influence in a future
mechanisation of the mine .

The accumulation of the abeve facters have ori-
oinated offects of difficuilt solution in the present situation

It i necesssry to emphasise that the emact de-
Wdummumtwm severel
weskhe of stay at the mine. Noevertheless, in o gonerel
aaner he main probiomes o be selved could be listed ae
fellowe :
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A.3

a) General investigation program

b) Planning and perfermance of new access werkings con-
ditionned ‘o the results of the investigation pregram.

¢) Mechanisation of the outstope in galleries,

d) Traneport's mechanisation

¢) Work organisation

Masasmmendations

Lacking a deep knowledge of the orebody in rua
and dopth it is difficult to establish recommendations to
preperly seolve the aferementioned problems.

Nevertheless, our impression is that the Hali-
by mine is "old'', meot for lack of reserves, but by struc-
turel dofecte. This opinion could be emtended to the en-
somble mine-metallurgical plant.

Thersfere, and although the present situation of
the mevcury market may not encourage the starting of
new prejects, the Turkish experts available at the mining
and metallurgical installations are fully qualified to deve-
lep & vestructuration project, which should include the
following phases:

o) 'Gameral iavestigation progrem

The present investigation techniques of metallic
orobodies allow the enact knowledge of the existing
reserves, even in such cases a9 cinmabar orebodies,
where the mineralisation is sparse and irregular.

The presente knowledge of the Halikby orebedy,
ond the new investigation studies recommended will give
roculte that might decide the starting of & new mining
and metallurgical wnit at Halikdy.

%




This investigation program should include the

following phases:

- Structural geology
- Geophysics
- Geochemistry

= Mechanical drilling.

The three firet phases (structural . iy,
Geophysice and Geochemistry) will be able to issess the
mining potential of the area and their cost is much lower
than mechanical drilling. The last phase of the :nvest;-
gation should not be pertormed until the results of the

three first phases are known and analyszed.

a. 1) Geology

Generally, the orebodies of the type of Halikéy
where tectonics has played an important role, give
place to the formation of a "puzsle’ of mineralized
masses, where it is necessary to know their original
location. Structural and tectonice geological studies
will clarify the existence of masses with mineraliza.

tion possibilitiee, presently unknown.

a.2) Jeaphyeice

It is recommended the performance of geophysi -
cal investigations in such areas where the feological
studies have determined the possibility of existence
of mineralised nasses and aleo in these one presently
under exploitation in order to aseess its dovelopment
in direction and depth. Teets should be carried on
with different systems in ovder to select the ment
conveniont to the type of recke and mineralizatien to
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be inveotigated.
s.3) Qaschemiairy

In order to cellect as many dats ae possibie
porform a osuccessful drilliay campaign, geochemi-
cal methodes oshould be employed in order to dolimit
within an area of promising mineralisation, such
aenes of higheot poseibilities.

o. 4 BRrilliag
The veoults of the abeve investigations should

o confirmed by a drilling campeign with core emtreg
Hen, 20 & final phase of the investigation program.

All geslegical, tectonic and geochemical studies
o8 bo performed by the existing techaicsl peroomnel
ot Malikly. The geophysical studies and the drilling
campeign should be subcontracted to apecialised Com-
panies.
If the results of the investigation programa abews
outlined are positive they might induce ETIBANK to the

@ovelopment of & mew mine. In case of negative reoults,
.0onetly and wmnecessary investinents would be aveided.

Finally, we would aleo point ouwt that outeide the
procent onpleitation field of Malikdy, other mines are
ootive, snd this fact indicates the protabie precence of
6B aves with goed potsibilities of existence of weorhable
clansbar mineralisations. Therefore a proeliminary study
ol e otrihe of the Bodyak hault seoms sdvisadie. Sueh
oudy should be performed by pan prespeciion of the
omall water otveame which ewt the aferementioncd haull.
Gue cuperience ia similar mineral formations with sueh




o simple mothed, showe et it 10 poseibie to dolimit
quichly and economically arese where dotailed inveon -
gatiens chould be porformed.

®) Nam Assass washines

Precent mine planning 10 Gene Nrough accooe
workings, comsioting in butt entries Vo reach doopor se-
%00. Nevertheloss, such plonning hee the fellowing -
CORVORIONCOS :

« A dimioution of trancpert capacity
An omeooe of laber feree

AR encossive praportion of mine worhings 0 weske
0 relation %o he emtracted ore

AR incresse ia e quantity of equipment (winchoo
o pumpe)

A dolay in e preparatery worhings

The cslution to 4o adepied in o0dor 0 selve Be
obove drewbache. deponde fundamontally en he roculte
of B goneral investigation pregram cutbined i the
procediag pareagraghe. which @otormine the docioien to

R00000arY o cnmine many tWehnical and oconomiesl
wmm-ﬂhmm
o090 porfsemed

We chould omphosise ot the rocommended in.
vostigaticon pregrem of the Maliboy ores muet g bolore
ony Gocicion sbowt Wie predlom Ales, @0 peapor loce-
%en of e now 0¢0000 workings o Yo poajocted must
Who 00 sccount Bo cont of B0 cutornal treneperiation
poossntly realised




<) Masheniaation of e snistens i asliazies
Although otmilar conciderations 00 the asdove could
0 made sbomt Wie prodiewm, we ostimate thet the pre-
oot layout of the mine allows & Mmederets mechonise -
Wen of he Gllorent phases of the outctape n galleries.

The poocent dimensions of accose worhings alloe
e itreduction it he mine of waste and ore leading ma.
ohinee of enly omall sise Nevertheloos. for the pre-
oomt ore noode of he metallurgical plant we ootinmate
At cueh pechiom could be properiy selved w1 the
puschacing ond epotoltion of omall leader shevels 1. @
SIMCO 128 or ¢/3/R8) and proumatic hammer -érille
otk pusher Buch oqguipment would greatly e rease
preductivity a ol cponing and wvinning wesbhings, 80
W o type of ore e periontage of worhings in waslte
poe an of muned ore is very high

® Imaesact's meshesisalies

The calutionste thie prolilen are vory Gifficult
Pver he precent muae's lavewt Reth the mine'e stowe -
e (werbing of emall sechion, sharp curves, otc) and
e relatively low tonnage of ore ‘o be mined., adviee
Wil ¢ new prejoct of he Mine ond metallusgesl want
0 ot doetded, and oot of lader 10 net emecootive, B
oantinns he precent treaepert methede

Neovorthelets, we ootimute oo convoniont o study
W oesthidity of Wwotaliing swall (hata ond budge conve-
ve0e 0 eodor o climtante & grest part of e prosamt
ognusl handiing of mine care Buch otudy co0 bo poo-
toetly povtarmed by e onioting mining tschnicsl poseny
ol
]
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. Mamiuseisal sless

The Malibty metaliurgioal plant noeds & tetal
POcOnvOrsion of ite presemt production facilitios in order
® achiove complotely satislaciory worhking resulte. This
fact hoe boon fully unierstend by Etibenk's Managoment,
who hoo otudiod soveral alternatives for the solution of
he Malihdy situation including the cemetruction of o totally

now plane

Therefore, the recommendations provided ia the
lollowtag paregraphe on the prebiems existing at Halikoy
chould b0 adepied tahing inte account the sstimated future
oltuntion of the mercury market and the final critoria to
be adupted by Etidank's Management en the implementation
of the cupansien pregramme for Halikey mine and mercury
recovery plant.

As with.Konya the problems of the Haltkdy

motallusgical plant have been clasified in three main groups:
motallurgical. mochanical and process comtrol problems .



5.\ Mesaliarsical acehlams

Ia this grewp are iaciuded all theee prediems that

give place te o defective wiilisation or te a low efficiency
of the plant.

The fundamental preblems arise frem:

- Granulemetry of fod ore

Handiing of stuppe at the Exeli heoeing machine
Uncentrellable air inlets inte the system
Defective design of the cendensing system
Defective design of settling tanks

Defective fusi-oil feed te the burmers

In goneral, as it has already boen stated, the abeve

probloms are net of mindepondent nature and are interrelated
ia many aepects.

5.2 Aesammendatioss eb matellnrsical srehiems

.0 '0 ‘l

Srasnlamatry of faed are

During sur stay at the plant we recommended the
porformance of s granulemetric analysis of the feed ere,
aever made befere. Reported results show that 35. 75% of
the calcined ore is below 5 mm.

Such & high percentage of fines in the ore causes
all the incenveniences that have been already discuseed
in the coerresponding paragraphe for the Keaya plant.

In order net to increase unnecesarily the ameunt
of finee already present in the rua of mine ore, we recem
mond 0 crueh only sines abeve 80/85 mm. Te this end,
& ocreen sheuld be lecated between the bettem of the -
run of mine ore bia end the crusher, ceaveying to thie

8




B.2.2.

one, only sises above 80/85 mm.

As for Konya, the size of 80/85 mm of the coarse
ore is only indicative, and as our teste have shewn, this
sise should be the starting point for extensive trials in or
der to find the optimum feed sise ore following the indica
ted pattem already recommended at Konya, with a careful

comtrol of the affecting variables, i.e.:

a) Tonnage of calcined ore with different feed sises.

b) Behaviour of calcines.

The above solution is a transitory one which would
attenuate the excess of fines, with only slight changes in the
presently existing crushing circuit, and which will, without
any doubt increase present roasting capacity by 20% to 25%
as our tests have shown. A systematic study of the correlp
tion between granulometry and mercury grade distribution
would also be extremely useful as a base for the proper de
sign of the ore iaropantion system to be adopted in a future

new mercury recovery plant at Halikdy.

Handling of stuppe to the hoeing maching

Present manual system of stuppe handling, from the
condenser pond to the hoeing machine is very laboriews, tg
xic and needs tee much labor force. The proper solution ef
this problem would need the total modification of the precent
condenser system, placing the condensing pond at a higher
level than the present one, allowing the feeding of the stuppd
te the treating system by gravity,

The inconveniences of lime treatment of the stuppe
at a hoeing machine and their feed back te the kilns, have

been extensively discussed in Annex F of this report.

34




B.3.3.

In the case of Halibdy, mercury losses in condonsing ori-
ginated by stupps recirculation are eveR weree than in
Konya, taking into account the defoctive characteristics o
the condensers.

Therefore, and taking into account that the possible
adoption of the Almadén-CENIM Process fer stupps treat.
ment should be contemplated more properly in the consg-
truction of a new plant, we recommend starting again the
retort operation, even admitting ite low thermal efficiency.
Uncentrellable air iniste

Air inlet into the system of impessible control takes
place in the following sections of the syetem:

a) At the condenser pipes.
b) At the scrubbers
c) At the emhaust fan.

a) Readings of CO; centent in §280s with the Orsat analyger
of condensers have never been over 5%, while at the
kilns' oxit, recorded values have been systematically much
higher (7 - 10%). These figures clearly show substantial
air inlets into the condensers, threugh g¢racks and holes
produced by corrosion.

Our experience in the roasting of ores with high sulphur
content and in plants with similar corrosion preblems

as those existing at Halikby adviee the substitution of cast
iron pipes as construction material of the condensers
pipes by stainless steel.

AISl type 316, should be used at the intermediate section
of the condensers (temperatures between 99¢ and 130® )
and AISI type 301 at the cold section (below 900 C). Caet
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b)

c)

iron pipes may be maintained at the het section of the
condenser (over 1300 C).

Prosent life of condensing ducts at Halikéy ie entremy
ly low, sspecially at top and bottom cennections where

replacing muet be dons every 6 and even svery ) months.

Special care must be sxerced at welding, and if cast
iron {s maintained at the hot section of the condensers,
heat resisting plastic joints should be provided to avoid

gslvanic corrosion.

Costwise, and refering to Spanish conditions, | m of
301 stainlese steel pipe, 2 mm gage has the same prj
cs a8 the eame length of cast iron pipe, 12 mm thick,

for equivalent diameters.

To achieve a depression regulation in gas ducts at Hy
likdy, it ie customary to leave partially open one of the
top lide of the scrubbers. Such practice must be discop
tinved, as it affecte condensing efficiency bv dilution of
mercury vapers and mechanical drag to the etack line,
A regulating value should be placed at the exhaust fan
inlet (or depression regulation. Samples of deposits in
stack line, our tests have shown mercury contente up
to 57%. Such figures are an svidence of significant -

mercury loseses through the stack.

Maintenance conditions of the exhauet fans are extremyg
ly wnsatisfactery. Large openings in the fan's housing
are perceptible, caused by corrosion of the etesl plate.
Here again, we recommend as construction material
for the fan, otainless steel, AlISI type 301.




8.2 4. Dafsciive dasign of e condensing system

Temperatures at cold end of condensers are. as
& rule, high, and were never below 319 C, even during

the coldest month of the present year ( Jenuary 1972)

Such high temperatures are produced by the ina-
doquate design of comdensiag system .

Although there is 2 definite relation between area
or length or volume contained in the condensing system,
it hae beon many timee illustirated that the relation ie not
in direct ratio t@ the tennage being treated. This is proba-
bly, in part due %@ variations in encess air required in the
different eises of mechanical furnaces. differences in rate
of heat transfer caueed by different gae velecities. or |
difforences in compesition of furnace gases. |

As wide variations can emiet owing to an emtreme
condition in one ‘of the variable factore previowsly mentioned
a0 affecting the dosign of s condensing system, and thie
matter ie totally out of the scope of the present repert, we
have emghesised theee factors that should be considered in
the dotign of a new cendensing systemn for Maliy, ia
connection with the censtruction of a new mercery recevery

plant.

Nevertheloss. o previcional oselution to the preblem
would bo he uwee of stainless stesl ae conetruction material
for the condonsing pPos,as hic material weuld sllow the
wator wpréying of the cendoneer's surface., with the ocense -

ent lowering of the enit gasee’ tomperatures and increase
in condonsing efficionsy.

)
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B.2.5. Baacive dasisn of semliag \anks

Prosont design of settling tanke used for decanting
waters (rom the weehing of the condensing system is imeffi- '
ciont a8 mercury lesses in overfllow waete waters are oigni-
ficam, a0 @r tosts have shown.

Precent dimensions and design of settling tanke
B0 atar increased in order that mercury lost either me-
chanically or by solution in overflow water ,Md be near
negligidle. All overflow water should be collected in laundere
ond ren to settling bones arranged with baffles e cause the
current ‘o wnderflow.

This will cellect most of the mechanically trans.
ported metal, the metal in solution could not be econemi-
cally recovered.

Nevertheloss, the location of the precent settling
tanks, below grewnd level makes ite cleaning very difficwlt,
ond requires emcess labor force.

Now deosign of settling tanks should foresee their
location above ground level in order to expedite cleaning
operations and deposit recovery.

B.2.6. Rafastive fual-eil feed te the burness

Orsat readings at the exit of the hilne, shew What
Surner of kil I, doos not work properiy. as manimem
values of COg in onit gases are nover above "R. Burner of
kil Il, has worked meore satislacterily with COg valess
abownt 10%.



The bed reguiation Mel/air tn the burners causes
& dofective combustion precess with the censegquent seet
formation and oncess air in combustion gases.

Precently onieting burne®s are obeclete and their
fucl-oil oupply is made by gravitywhish makes very &iffi-
cult & preper combustion regulation.

Since 1970, & complote oot of busner, gear pumpe,
oir (ane compreossore and comprossed air wak io availadle
ot Halihoy'e otorerenmn. We strengly recommond the iasta-
Motion of cuch oquipment in Kila I, a0 soen a0 possible, in
ordor 0 oot ite capaecily and sporating charecteristice,
uo&rntw,nmﬁumﬂﬂ.,h prosent oom-
Sustion procese, wheet deficioncios derive mere frem the
choslonce of the cnicting equipment, than frem lack of
attontion by the peresanel in charge of the hilne.

Probioms of mochanical origia ase found ot the

fellowing soctions of the plamt:
- Ghaher ore locders 0 the hilne
o Calcines' removel

- Refssctory lining

+ Bubovet fon

8.4. Reasammendations o mashnion).. ssshieme

8. 6.0

The eveilabie recerds for 197 and 1972 ond ewe
obosrvations during the stay ot the plemt, chow Bt fee-
QUM otuppagee ariee ot he hilne' ore foedere.

Reported canse for such fhilures 0 he inadoguete




B. 42

5.4.)

steel quality of the mechanical gearing eystem.

On the other hand, the enly possible way to regy
late the incemiang ore flow in the presest system is to
change the eprings’' tension of the feeders.

A simpler and more efficient feeder's system is
thet which incorporatee a speed variator (manual or autg
matic) allowing the ore flow adjustment according to the
slae and characteristics of the incoming ore. They are
rugged, inexpensive apparatus and subject to low maintenag
ce coste.

Galcing's removal

Calcine's removal from the bins with the present
syetem used to cenvey the calcines to the refuse dump -
may affect the capacity of the kilns if not enough labor is
available for the handling of the wagons.

On the other hand, this work is very toxic, as dy
ring the emptying operations of the calcines' bins and the
hendiing and tipping of the wagons, the workers are sub-
joct te sulfidic gases and dust.

The eperations should be mechanised, adopting a
stenilar design te that used at Konya plamt fer calcine's
diopeosal.

Refractery liaing

T9% of the stoppages' time during 1971, equivalem
0 mere thaa 72 daye of production losses, i.e. some -
678 fNaske of mercury have been originated by the neceg
olty of tee frequent refractory relining.

The abeve figures depict clearly the importance of
this preblem at Halikdy.
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We recommend testing the quality of refractery
opecified in Anmex H of this repert. Such refractory has
givea encellient results with ores of much mere abresive
nature than theee treated at Malihdy.

B.4. 4 Lnhamst laa

B.s.

This problem has aircady boon dealt with in above
paragraphe (rem a metallurgical point of view. We would
enly note here, that stoppages by fam breakdewne were o9
cond in impertance at Halikoy with 173 hours of loot pre
ductien in 197).

The recommendations alresdy givea abewt conotrug
tion materiale of the fan, and the installetion of 2 weter
epraying syetem at the internal walle of the f(an in ovder
1o wash out dust doposite would selve eatisfacterily the -
preceat probleme found at this section of the plant.

Lrscess conirel preblems

The analysis of cenirel prebleme and the recem-
mendations provided te improve the preseat situation ia the
paragraphs correspending to the Konya plast are applicabie
for to the Halikéy plamt. Nevertheless, we weuld emphasize
that for the Halikdy case, foed ore contrel is even mere
important, as the characteristice of the ere reasted are mg
re variable with reepect to mercury grade than in the case
of Kenya, as can be essily underetesd frem the figures and
calculations of Anmen |.

Te achiove a preper metallurgical contrel it i
Recossary to aseign to sach snalysis, the cerreepending -

weoight of sre, as it already hao boon enplained for Konys. To
this ond the awtomatic sampler must work ia coordination with




the autematic ecale, and should be lecated at the discnarge
ond of the belt conveyer frem the crusher. Thie location
would alee aliow the installation of a similar sampling etation
to that emtsting at Kenya (small crusher and quartering)

The present system of samples preparation tor
anelyeis 1o manual and time consuming. Laboratery analyeie
precodures are siow and inaccurate as the available iacilities
and otall are net adequate. Egpecially, the balance is rerv old
and is subject to sirong vihrations by the hammering of the
close by ore foeders to the hilne These (ircumetances call

in quostien the weighing accuracy.

Until preper values for ere grades and reliable
woighte for foed ere are attained. all calculated offi« loncioe
for motcury recevery will be tetally meaningleoss
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EMNQRMIY GMIERA O PROCLAR LUNTRVA REC 1M -
RALIONS

in sections i1 | and Il 2 the present pr.. ems
ot Konys and Halthoy operations have heen stwriied , vy
preper recommendations o their improvement and «oiu.
tion where possible

In our GPIRion, process contrel problems are
POrATROURt impertance and deserve close attention te allew
BOtt 0F MOrcury Pecovery Othicioncy Therefore, n rder
o mahe our recommondations mere weeful, priority . rite-
ria of each of theee precoes contrel probleme are g ‘o0
wlow

Such criteria have boeon ootablished irom twe dif.

IPORt Points of VU0 &) MWasuremed! syeteme allow ng a
preper materisis balance and the assrssnwnt o! represen.
talive Mercury recovery oflicion: 108, and b) preterertial
locations points of other needed Messures, suwch 18 tempe
rature, gases, ol

o) MENSNEINS AXMAIRG
Indicotion of priority:

10t Weoight contrel of toed ore

nd: Preper sampling techaigues

Sod: Buffictont number of labevetery amiyeis of mer-
eory grede of he ove

h: Contral of moreury locses (Waste water, otuppe,
eyelone duot, ot¢ )

h: Prepor calculotion of recovered mereury

oh: Owneh lossee

6




o hasatien ol _sentesl seinte
indications of pricsity 10 given ta the fullowiag ble!
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1l 1.

KONYA
A. SCollectien of bhasic avallahle daia ,

The cellection of basic available data on the
techaical aspects of the existing mining and smelting facilj
ties of Konya was started during the firet miseion visit to
Kenya area and was completed during the stay of the second
mission to Prejoct area and with the partial filling of the
questionnaires by the counterpart emperte. The infermation
incleded in such questionnaires together with ether data g
thered during the stay of the team in the Konya metallurgi
cal plant are given belew.

. Misiag
B.1. Qrehadias

The metallurgical plant of Keaya receives mer-
cury eres [rem ivn different orebedies, Siama and Ladik.
In sach ene of the orebedies several mines are worked, op
me of them by epon pit metheds.

The ore frem Sisma cietrict has & higher mercy
vy grede then thet ene frem Ladik district, bwt taking imte
account thet the miniag cencessions are net of the preperty
of ETIBANK, reyaltios are 10 be puid according to ore prg
duction and therefore such Bate body pregrame the mining
oporetions ia cach district (a ovder 10 got the mest pref
table cenditions.

The mines are worhed continususly, but the mg

taliurgical plant, prececseess soparetely the eres ceming frem
cach ene of the two districts, ia campaigne during ceversl




menthe for cach type of ore. Therefere nea processed
ores are nered at the plant premises until they are re-
cloimed for metallvegical eperation.

The pregram for 1972, wbhing inte account the
mercury preduction oostablished for this year, foresees
the precessing of SON of Siame ore and 20% of Ladih ore
during the yeor, with the fellowing average mercury grades:

- Siamae: 0. 300% Ng
- Lodik: 0. 200% Mg

The pregrommed production foe 1973 are |94
maetric ene of mercury.

Siome and Ladik ores are tonily Gifleorem oo
regards the nature of their minerelisstion chasecteristice.
Siama het ¢ silicoous limestone gaague where mercury
minevelisstions appear very irregularily as cimmsbar, while
Ladik ore hos o gangue of limestens with insrusions of |
tuminsus cshales and cinnsbar agpeare ia the cemtect senes
of both rech formations.

Bate sond 204 _men

s the following data card ali hasic aveilsble @
@ on the Sloms ond Ladih orcbodies 0re put tagother. The
corvecponding map chowe e loction 0 Tusbey.
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TECHNICAL TABLE

Oescription of Euplotetion Metheds

2K of al) ore preduced s taken frem esen pit mining, the mest 1e produced vAlIrgrewnd. The nethes of
precuction at cner pits 1< called "grading retied®. As to .ndergrawnd nining, the rredustion msthod chinga:
oo iing to tyre of fermation of the mercury dagesit:.

These ar . chriskage, caving and raee (i1 lar epttods.

The Grude of preruosd ore should 00 0,2 « 0.2 g, n 3000 ougme, Y ore s hand - gleked to ‘apreve
the orudd.
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MisCL LLANEBOUS

rers e T orocans ond Workers)

B e Y .= .

I+ consisre 01 directer, teohnigal vicesdirecter, 5 nining, 3 cherical, 1 mptallurnical, ' ect inigal
ercineers, 1 geicist, 4 techrigtuns, 36 c'vi) ssrvants and 770 warkers (ming ond metallurgiee]l T ont).

L L .
Machinery 2 treevater: 14 Congressers
4 Bullosvers 6 Cranes (Electricel)
5 Lgadere 2 Cranes (Mydraulise)
2 Wager-[irels 5 Eugl g Tewoks (20 temcapacity)
3 Undw creurd ber'rg maching 12 Trusks (812 ton-capacity)
water “upp 'y

The water reedsd in the plamt 's browght fron a water source called BeyLincei abeut = Kn fror the oant
The »inge are supplieu by & Mear by water seurce,

R —— A

Fower “upg ,

Powgr 'c supplied by tre State elestricity netesrk, In ‘he evgnt that this o is cut off, a 247 wy
geerating st s always ready te orerate.

——

ther T pp s (Fuel O, enplusives . wnn !
- Exploeives asrewmption: 0,807 kg/t of ere (1870); 0,965 kg/t of ere (19M)
o Gororeernd alr coreanptions 90,5 W/t of are (1970); %,6 Wi/t of ore (1OM).
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TEAM COMPOSITION

This report has been realized by a Tecmiberia's team
of experts, integrated by the following members (listed in alpha-
betical order):

- Losano, Fernando - Dr. Mining Engineer

- Mallol, Alberto - Dr. Mining and Metallurgical
Engineer

- Nidfles, Adolfo - Dr. Mining Engineer

- Nifies Javier - B.S. Metallurgy



c.3

The Renya mercury plamt (0 losated in botwee:
the twe mining districta of Sioma ond Ladih, and ite dio-
toncee to the miaing arcas are 10 Km. and 3,9 Km. reg

pectively.
Blant_Resczisties

Len_shest of sce Seasasstie

The prosemt flow-chost of ore pregeretion ing
talistions uwp % ore storage bia is showa o drewiag Il |
onclosed.

Incomiag ore loaded truche dump on & emall
e, covered by o Amed grid (1) with 300 mmn oponings.
Uader the bia p vibosting leeder (2) tabes the ere to the
bolt conveyor (J) looding & f(irst jaw creusher (4) with the
lellowing eporating characteristica:

- Capacihty: " /b
- Feood oloe: wp o 0 mem

The ove frem crusher (¢) i claseified at the
@ mm ocrosn (8). Conree sinoe (40- 180 mm) are crug
bed in & cocend jow crusher (6) giviag ore slsse wp to
¢ mm. Conveyor balte (7) and (7') wabo e ove 0 a0 0
rage bia (7") with o cagacity of 1000 ¢ of crushed ove.

Slan_shast_of_hila_leadine_sustom
Foeom the 1000 ! stovage bia he ove is convp
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yed through o foeder (8) and & conveyer bolt (9) to a 30 ¢

ourge ba (11). The conveyer belt (9) is equipped with an ’
sutematic scale (10), out of eperation, amd an automatic

sampiing device (37). (See drawing Il 1),

Llem shast of are roasting, condanaing a8d msrcury re-
SAXARX_AXMiem.

(Boe drawing Il })

Seasaliag_Deta

The plamt werke 24 hours o day in 4 ohifte.
The amount of ere reacied in sach hilan por shitt 1 30.)8
tene. The hiln entrance temperature is botweon 270- 5000
C. ond ore (o reasted u; te 990.11000 C.

The 21in mar-s one revolution in 48 seconds
although this opoed mav be chenged by opoed reducer and
oFe otaye a the hiln for abewt 30 mia. The burnt ere or
"calcines’' cemtains, ou iverage 0, 004% Heg

The kila 18 heatod with & durmer which steomy
200 feol-0ll by compresned air. The onhawpt gases arve
sucheod by 2 00 Nm’lmlmo capacity famn, located inte
e oystom after the .. iones. and blown te the vundon-
SiRg system. The .ondensation pipee are washed with the
water when (rem: (ne ondensing pend overy twe dayes at
he 13-10 houre shifh. [he pend I8 closdod the nest meg
aing M 10 heure The stuppe are tahen te the hoeing
machine, 18 amounts of 100 10 300 hg at every . hapge
of the machine. The uoed stuppe are sampled and given
Sach %@ e hiln again.



The condensing pond 10 cleamed !rom muds and
these mude, after sampling, are aloo fed te the k.li. Ho
wever, the ameunts are unkneown.

Frem time to time the condensing pondes are clea
ned and the recovered stuppe are fed back te the kiln

The average mercury preduction is about ~ tlasks
per day and the efficioncy of the mercury recovery s be-
low 03%. Mercury preduction in 1969, 1970 and 197! was
47.400; 09,447 and 122,914 tens respectively.

Assiament _Dala

The plant has twe reasting retary hilne, wheee ope
ration otarted en March 1969 and December 1970 respective
iy Deth hilne have the same operating charecteristice.

The project and engineering of the plant was per
fermed by Del Menege Co. . [talian engineering and come-
truction f(iem.

The tellowing description of equipment applies to
each one of the Rilns, wnless otherwise stated.
Aetary Kila Characteristics
L.ongth: T m
Diameter dm ‘

Deivea by 30 CV meter and opood roducer unit

Sycionns Tuse and Rifisiency

The cyclones are of Birecco type

Their dlamaeter is 500 mm. and there are ¢ cy-
clonss Their officioncy io unhaowe.

n




Sendeneing Iustem _dimensitns. 20d metesials nead i Ma
SARaiENatinn

mcm.ymundmdm
ond consiote of ) pipes put on cach othor. The pipe leagh
in 400 cm. and ite diameter io @0 cm. Ia every rew there

ore 63 pipee, Il tap jointe and 11 bottom jointe. The mg
terial weed for its cemstruction is cast iren.

Euhanet_laa_charactaristice

- Spoed of gae flow: Net hmowa

- Capacity: 00 -./m
- Depression: 300 mm/NgO
Ssstling_tesh_dimengions

$.90 m = 33.90 u 3,70. e capasity io 133 n’ of water.

Shasastacisties snd dimenaions of mach Mse sad mesh

Sock lme: 3.9 5 8 5 160 m made of concrete

Sech: 1.90 5 19 m. made of concorete
Shasaataristica of hosite maching (ene for bosh Mine)
- Diameter: 1 =

+ Capaeity: 190-200 Rgr. Sppe n ene charge. Nt

mommomu“cmd'ﬂ

C. '!‘hcmnnuamﬂdlto.'.-. T™he averege
ime of trentmeont 10 sbowt | o0 |. § houes.

SNaNaiing. Malametans

Q)M*Mdmu--mm.

"we 1. mﬂ» . 0,700

"




1M ivue.%%-~ 0 054

9309
o

i Unit, 9 old ot in oper . n

S~ momth e

b Capacity Efficioncy - \MC.}A:“}M}; -
Teoretical Capacith tams

9% I Vst - Average - L 0 any

180

190 | Umt - Average ——md 0 700

1%

I Uat - Average -3 0.7
I8

c) Mstallergical Biftetonc:

(Contomt

e 1 Umit 0108~

") I Umit - 01 3%

W1 B Umet . 8400 .
Lihae Snasating ate
Rila onst tomperetnre (00t maeted) "Wee . 1100 ' C
Kile omtrence tompe rature 3700 . W0y
| s ORIPRNce tOMPe raltulde 3700 . 280¢ ¢
Kiln omit vacwwm ~olcm wg
Kila emtratce vacunm: ~04'm w g
Cyelene dopression ~00um o g
Condoneing system pressures ~38 m wyg
Hg comont i .vcione Gaet and ane day of duet
Mg comtont & cyclene @ast o, 0% Mg
Amount of ¢uet (ootimated) 1.9 on day (teme of

treeted ore n 0.013)

14 ]
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Gas fllow (Nm’,/hour) in relation te weight of treteq ore #
Unhaown.

Hg in gas (gre, Nm’) at stach inlet-Unhnown.

Asasiiic cenamuntions

Fuel il consumption per ten of treated ore

1969 39 Kg/ren
1970. 4 Rg/ten
1971 3% Kg/won

Power consumption per tor of treated ore

1970 17 hol/ten
1971 14. ¢ hwh ten

C 3 Pregest ggerating ordv e
C 31 chazacianiat p p! ‘raatv. ote
C 311 Mssssiagissl semsarents

The enlv avaiiable data on the uree are glven

bolow and cor eopond te avereage chara. teriotics ‘op
197

Othor reperted snaivels tor 1909 ond 1970 ove
ncompiote and therefore hove Boen emitied frem the
PPOSERt doocriptia

~A . -1
Ng 0 3¢ La 32
Fe ' N 11 WO 0
90, «° 0 AlgO, . 1 24
Ces0O 10 ™ )
MgO s CogCa W W2
» L )




The avove analysis i0 anomalows, ae nurmal.
carbonate ligures are gi.en as (O, and oxides As 10
percemtage ot CO, 18 given, it 18 eotimated 1t no
other carbonates are present and that the ren aining
onides are « part of the alumina silicoates

Metals affine to nercury and iren have been ag
oumed as torming sulphides. In the amalvsio, the p«r
comtage of 5, should be given Nevertheless, s this
contomt 1o small, the error imroduced W the assump-
tton that all metale are in the ferm of suiphides (0 ay
coptable.

Therefore, amia. . ording t¢ the abeve soumptions

the prebabie mineralogic | analveis 10

Mg A o 21704".
8gFe LI (AR
s o W%
8 8a \ oM

(] ) o 0%

- Total oulphidee = " &
- Total 6~ A

Alumine silicatos ond Dumidity:
B1D3) (Alg0)) , (MgD)  (CaD) ¢ (N30 - 61 768

The sbeove acoumed miaeralegies! analyvsio hae
S00R canfirmed Wy our choorvetions at the plant, ae
oosthine, biende aand galent have boon sepretedly ebeep
ved & the ove




Chri

Aroenic baaring minerele have net boen traced
The noture of e gaague o o & corbongted neture pog
Holly silieifiod. Fiiteo are aloe present with cinRgbe ¢
6000 1a the contect with Limestonse and otlicificattons

'l'hm.lﬂo. = he gongue i¢ rer *
CRORER 80 Pradnr heoem it s gas v slangg AR -sq!
Porte (Mime, fosters, otc ) @2 0 W MR ss e |

The omeunt of silica chowa o the
low the omistiag em ia other clanaler ores, and e the
otheor hand, h“ntcwdhuumomu
oboerd the impacts or (rictien origianted by cearee ore
Thoretore. the abessive nmtere of e gaague might b
ostimated a8 mild

Sessniammatey

mmdmuccomumuﬁu-u
Gifforent 01000 and wpen the Pocepiien Ma. & )% men
ovd 0 located Nmmmcnuui—lm
hh“nhmm~“~~
g0 are Amed 0 weordnnce with he imahe sise of
the primmaey crusher

fhmuhommlmmum-
oubstanttal fhulnun‘n““uhq
wilvegical precess

hm«mdhmmm
&th&thnm
mates.




€113 Mumm

Surtnce wotneee amounte %0 -G Thee Aguse W
N8t CNe0oOive 100 oued Wypoe of ored 80 Whoee of Biame
ond Lodih. ond might bo censidored 80 AOOPMMEI 80 M-
ooede other plamte Al relty 00000nd N0 OMOUNt GIODe
oubotontially sad o 197] covessl NagPagee were Goilg
anted by Whie reBeen, 00 the OO0 DOGEMe otichy oFf
(PN0eR Ia oMo Pointe of the civeuit. Novorthelese. he
burnidity contont dooe ast uotify any epoctal iactaliaties
» veduce W0 povecnage.

C 33 Emaess Canital
€. 3.3 \. Rannted ant snd stieites

The aformmption gathered duetng cur Gty & e
plant weneotte the menth of March and Aot pat o
Apotl 173, pad ove given i Tollles M-} ond IN1-).

Bestng the obove menthe, ondy eno of the hidme
tunit B) was 0 aporstion

Celtosted campies are oamt w0 e Bhoesiery o
o end of ovory ehih which (0 oin houses. Ounly ene 0y
‘pete o povloomed &t the nd of e ik, which ameume
® four ensiyeie/@ay o0 ore and calotnee veepoctively.

€188 Bachfame

Mo cameal o povéormed en he oash gasee. Ty
sefove, moveusy losees though e cteck o0 whnown,

S (o0 effioiency csieulntions 4t o assumed et | Ng

of mmescuey (o oot e overy 90 (. @f ctiotnse The
oenoes (oe cuch acoumgties hae ast Vo epocifed W J
o tosintenl pocosmasl of he glam. N
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cCli e

cCiis

Susione Buat

A cample is takon frem the cellected dust at
the cyclonse & every shift, fof mercury snalveis and
sverage of the four shifRe 10 given (Bee Tabdie I11-2)
Total ameumt of cyclone duet is net omactly Rnows Lut
00 B ootismated figure, the amouwnt of cycione ¢uet 1o
calculated 00 | 3% o the trented ore tennage Thie
calculotion 10 B00ed, apparestly. oen Ppas' enperionce
vhon eporadicel weighing of dlecardod . ylone dust
vee poriorwmned.

T™he average mercery contomt of cvclone duot has
bon during the meath of March ond firet part of Apeil

suhotantially hgher than the reperied averege of 0 074
tor 197)

The coérrecponding tennage Guring the same po-
red of tomne dhould vo nser | S ¢t day. i the aiore
montiensd c«alcviation systom 10 applited

Treated stugpe ot the hootag Mma« hine ore given
Weh 0 he Mins. Reporied mercury omounts i+ theeoe
uggn reng® wp to 20" Mg The ameoumts fod b b te
the hiln are nvt emaitly measured. bt seme '- 19 20
whoolbarrew lcade are 1aber overy 'we dave. hall of
hele camont boing CalOH)y

Xasia Natass

Overflow water amounts ave aaghigitle 1a the epg
reting ovotom ot Kenys. Therelore 8 18 estimated that




morcury 100006 by that concopt should bo minimal.

Kila_Gases

COp ond Op anaiyeie of hiln ouit gaoee had never
oo poriormed wp to now. Therelere, omcess alr in -
combustion, duet velecitios of the gases, oic.. are g
haown.

Fusl and «¢ apute were loRh &t the Judgment of
the hila eporater.

Zamsasamcas s0d sssesuses

Infermation about these twe facters of the precess
00 included for the menth of March ia Table I11-4. Ap-
Mu&huntmommu&on¢q
teel figures. The very wnhandy set wp of reading peinte

ot the Nemva plamt, gives place in our apinion, o wn-
scliabie readtngs

AS & matter of fact, the pyremewse pleced ot
@0 cuit of the Mila gave systemeticelly wreng resdings,
Sut aoverthelose such figures were recorded on the ohih
osmsel forme.

Our impuession 10 that he presemtly aveslalle ing
ouments (oe Samgoseture and preccure cemvel ase ot

Solng adoquate. ond i they 0ve ast greatly impereved
hie capost of the aporetien ecentrel will be vory G-

oully porhormed.

€ 3.3 Lcsstan Assinsia
The Keaye lohoratery seporte praposly to the




plant the difloront sapecte of the Prevese which are
under ite contogl.

Nevertheloss, and oven ondowed with o preperiv
trained oteli. the laberstory @oee ast work ot twll ofy
ctoncy. The number of morcury anslysis eonid bo ey
iy maltiplied with very small avestmente

Eochhe mathed ie curremtly weed ioF mer. um
GUtOPIRIABLion.




Coabeelun v b ogic varkalle doto

The sllection o e ¢ Ay clable dat. o the
teo nical cspects ot the mi 2 wnd sirelting faciltt os o
Hai méy, was ot rteu during tie firet nussion vigit to
H Lie®y ares Hove or. questionfaires ol Anmnexes \ and
h: v Aot been replied vet b HalihOy experts. 1 ¢ ore
th: tollowirg in:ormation iniudes only the data the  mr
te ' Ras been 2 1o colle ! during ts ota  at pre oot

v e partial v ncomlet
Moy ‘ng
Creimdies

The plant vt Halikoy rece@ives ores rurr  ne

wdy, where tour minefalized pode exist  These poiis . ro

prrallel to the 1auite of Bedv. - and untain many small

‘irees where muneralization eare Al nuning working-

are pertormed indepgr und  \inePai.7 tion 13 tund . men: .

Cound IR macass hists  although eaficRiment sener arv¢ mainiy

1o ated v claye At the oMt ! ORES ! gnvies ingd nica s-

vhiot (lawite sone’ Meriury - neral s normally . ruaber,

w.th Pacee ol MetaciAnAbET < asswvd. ated MIRerals. pir te

anel QUArt: are present with tr.ie8 ot maghetite and i,

tv  Traces of oulphur and re. 1y s re tound.

Ueva sard and o o

In the 1ollowing dat.. card all baeslc available data
wio Halthey wrebody are put Wwgether The corresponding map

shows its lecattan in Turkey.

”
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C. Metallurgical Plant

C. 1.

c.2.

Location

The Halikdy mercury plant is located upon the
orebody of its name. This location is the origin of some
problems by buildings subsidence due to settlement of mi-

ning operations.

Plant Description

Flow sheet or ore preparation

The present flow-sheet of ore preparation instal
lations up to the ore storage bin is shown in drawing [II-5,

enclosed.

Incoming ore loaded trucks dump on a 125 tons

bin. (max. capacity 150 tons) (1).

Under the bin a feeder (2) takes the ore to a -

jaw crusher (3) with the following operating characteristics:

- Capacity 30 t/hh
- Feed size: Up to 350 mm
- Product size: Below 50 mm

Flow sheet of kiln feeling system

A conveyor belt (4) of 41 m length, 600 mm width
and 149 slope takes the crushed ore to a 100 tons bin (5) co

vered by a fixed grid.

From the bottom of the bin a feeder sends the
ore to the conveyor belt (6) discharging at the kilns' feeding
hoppers (8). An automatic sampling device (7) is located at

the discharge of the conveyor belt.

93



Flow sheet of ore roasting, condensing and mercury reco-

very system

(See drawing III-5)

Operating Data

The plant works 24 hours a day in 4 shifts. The
amount of ore roasted in each kiln per shift is 16 to 18 tons.
The kiln entrance temperature is between 270-3002 C and the
ore is roasted up to 950-1,1102 C. The kilns are driven by
a 7.4 KV electric motors and speed reducer. Rotating speed
of the kilns is constant. The calcines, contain only traces

of mercury.

The kilns are heated with a burner which atomi
ges fueloil by compressed air. Fuel oil is fed to the bur-
ners by gravity. The exhaustgases are sucked by a 300 Nm3/
minute capacity fan, located at the end of the system, bet-

ween the scrubbers and the stack duct. The condensing pi-

pes are washed with clean water every day at the 6-12 shift.

The pond is cleaned every day and the stupps taken to the
hoeing machine. The used stupps were treated up to April
1972 in a fuel oil fired retort, together with the muds of
lesser mercury content of the settling tanks. This procedu
re has been given up in April 1972, taking into account the
great fuel consumption in the retort. Present flow sheet

without retort use is shown at drawing III-5.

Tons of mercury production from 1969, 1970 and
1971 were 91,078; 100,050 and 100, 240 respectively. Effi-

ciency recovery is below 85%.
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Equipment data

The plant has two roasting rotary kiins
vperation started in 1. 961 and 1.96~ respectisely

kilns have the same operatine characteristics

The following description ot equipment conlies

to each one of the kilns, unless otherwise stated

Rotary kiln charaucteristics

Length
Di:imeter;

Slope

Cyclones type and efficienc,

Same as in Konya

Condensing system dimensions. and materials used

construction,

The condensing system 1s 1n 3 rows of pipes.
with 1ts diameter 40 cm. The total length is 430 m per

kiln. The construction material is cast iron

Exhaust fan characteristics

- Speed of gas flow: Not kaown
- Capacity: 300 m* minute

- Depression:

Scrubbers

Kiln I, has a scrubber on reinforced concrete
sprayed with water. Dimensions of the scrubber arc

T x 3 x 520 m.

Kiln II, has two scrubbers in series of wooden

construction and cilindrical shape. Dimenaions are 2,4 m
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¥) x 6 m.

Stack line and stack

Stack line: 0,8 x 1,50 x 120 m, made of concrete

Stack: 0,8 m (f) x 12 m made of steel sheet

Characteristics of hoeing machine (one for both kilns)

Same as in Konya.

Operating parameters

a) Operating efficiency of rotary kilns -

. Annual working hours
) 24 x 365

Average for both units:

Actual capacity (tons)
Theoretical capacity (tons)

b) Capacity efficiency =

2
Average for both units = 2 = 0,75

c) Metallurgical efficiency = Hg [obtained)

Hg (content)

1.970 - (both units) 82, 109
1.971 - (both units) 82, 90
1.972 - (both units) 86, 90%

Other ope rating data

Kiln exit temperature (estimated): 950°-.1.100° C
Kiln entrance temperature: 285°C - 315¢9C
Fan entrance temperature: 32 - 459C
Kiln exit vacuum: Not available
Kiln entrance vacuum: Not available
Cyclone depression: 6 cm. w.g.

Condensing system depressions: 6 to 8 cm. w.g.
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Hg content in cyclone dust (estimated): 0.07v.

Amount of dust (estimated): 0.6 - 1.0 ton day

3
Gas flow (Nm’™ /hr) in relation to weight

of treated ore: Unknown

Specific Consumptions

Average fuel-oil consumption per ton of treated ore:

In kilns - 35 kg/ton

In retort - 500 kg/ton

Power consumption per ton of treated ore:
30 kwh/ton

C.3. Present operating conditions

C.3.1. Characteristics of treated ore

C.3.1.1. Mineralogical components

The only available data on the ore are given be
low and correspond to a chemical analysis (dry basis)

made at Ankara on 30 December 1966,

—% — %
Hg 0.26 Na,0

S 2.85
8i0, 59. 56
Fe,0, 6.95
Al204

TiO,

Na,0 1.32

18,05 Fire losses

On the same sample, X-Ray difraction analysis
were performed, and quartz, sericite, crisolite, kaolini

te and limonite have been found. Also, pyrite, magnetite,

97




cinnabar and antimonite were present.

The gangue is of argilous nature, and its abrasi

ve nature may be estimated as mild.

C.3.1.2. Granulometry

The run of mine ore is received at the plant in

sizes up to 350 mm.

The amount of fines in the ore is very substan-
tial, the 55.75 per cent of the calcined ore being finer

than 5 mm.

Sizes of feed ore to the kilns was usually set at

50 mm.

C.3.1. 3. Humidity

Surface wetness amounts to a minimum of 6% and

a maximum of 12%.

No special difficulties in plant operations have -

been reported due to this fact,

C.3.2. Process Control

C.3.2.1. Treated ore and calcines

The data concerning the months of March and -
April are given in Tables 1I1-6 and I11-7, which show
data on treated ore tonnage, mercury grade of the ore

and mercury content of the calcines.

Collected samples are sent to the laboratory at
the end of every shift. Only one analysis is performed
at the end of the shift and the mean of the four shifts

is given.
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_S_tﬁack Gases

No control is pertormec reoularly on the stack wua

. 3 .
ses Reported values of 10-20 mg :ig m~ are ro' sign:.

cant, as thev do not correspond to the true losses throuch
the stack, taking into account the ditficulties to . hieve

proper gas sampling.

Cyclone Dust

Total amount of cyclone dust is not known. and
its measurement is very difficult, as dust 18 sprayed with
water and sent to waste. Estimations of the amount o! .y
clone dust by plant personncl are in the range of 500 1000

ky. per day.

Stupps

No information 18 available on stupps fed back to
the kiln nor mercury grade, taking into account that -

stupps have been up to now treated in the retort

Waste Waters

Flow measurements and mercury content of waste
waters had never been performed up to now. Neverthe-
less mercury losses by this concept may be important,

as discussed in Section IV of this Report.
Kiln Gases

CO, and O, analysis of kiln exit gases had never
been performed up to now. Therefore excess air in com

bustion, duct velocities of the gases, etc., are unknown.
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Fuel and air inputs were left at judgment of the

kiln operator.

Temperatures and Pressures

Information about temperatures and pressures for
the month of January is included in Table III-8. Apparent
ly little or no importance was paid to these control figu-

res.

C.3.2.8. Laboratory Analysis

The Halikdy laboratory is inadequately equipped
and staffed for proper control purpoees. Colorimetric
method is currently used for mercury assaying of sam-

ples.
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Ore l"eeding Circuit

1. Mine-run ore bin with lixed screen (350 mm
2. Ore f{eeder

3. Mine-run ore conveyor belt

4. Primary jaw-crusher '35 ( h°
5. Vibrating screen

6. Secondary jaw-crusher {35 t L)
7.7'. Convevor belts

7. 1000 t. ore bin

8. Ore feeder

9. Crushed ore convevor helt

10. Automatic belt scale

11, 50 t. crushed ore hin

12. Kiln's vibrating feeder

Calcining Circuit

13. Rotary kiln. (175 t dayv rated capacity)
14. Calcines' bin

15. Vibrating feeder

lo. Calcines' wagon to refuse dump

Fuel Circuit

27. Fuel oil burner. Preheated air
26, Pri. ary preheated combustion aair

Gas Circuit

17. Kiln's exit gases duct. (# 720 mm)

18. t.yvclones (2 units in scries!

19. Fan (Q, 300 Nm3 .nin: H, 280 mm w.g !

20. Condenser (4 series in parallel. @ 403 1.
297 m. length)

21. Water scrubler

22. (Cas chammber

23. Stack duct

24. Stak

28. Duct :rom pond to Fixeli hoeing machine

29. Fxeli hoeing machine

30. Mercurv filling pump

31. Mercury container ana flasks filling (by wolu:

25. Cyclones' dust screw convevor to calcines' .

32. Refuse waters from stupps pond, scrubler. -
cas chambers to settling tanks

33. Settling tanks
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vt

an with lixed screen (350 mm)

onveyor belt
cusher '35 U h)
en

crusher (35 t h)
Its

i

onvevor belt
scale

are hin
feeder

't day rated capacity)

L r
i to refuse dump

Preheated air
ated (ombustion air

cs duct. (@ 720 mm)

(18 In series)

nd it H, 280 mm w.g.)
series in parallel. @ 403 m: and
\

T

© to lixeli hoeing machine
tachine

pump
ner ana flasks filling (by wolume)

Refusc Waters Circuits

screw conveyor to calcines' bin
'rom stupps pond, scrubler, and
to gettling tanks

Kk

34. Refuse waters 10 waste or 1o condersers washing

35. Stupps from settling tanks to kiln's jeecer m.an-
nual handling)

36. Hoed stupps to kiln's feeder 'mannuai haadiirg

Ore Sampling

37. Automatic sampler {to lavoratorv

Koenye Flow- sheet

DRAWING I11-1
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TABLE Il1-2

Selected control parameters from Konya Plant

(March 1972)

Date % Hg, %» Hp0, Wet ore, % Hg, ‘alcines, | % Hg, cyclo
ore ore tons Calcines . tons ne dust B
T

1 0.217 4. 35 123, 328 0.004 117,300 0 068
2 0.212 2.99 140,219 0.003 | 135,700 0. 084
3 0.244 3.8 153, 442 0. 002 l 147, 200 0 076
4 0. 244 4.1 141, 898 0.003 | 135,700 0. 120
5 0.237 4.2 127, 590 0. 004 121,900 1 0. 086
b 0.212 2.72 129, 164 0. 003 125, 350 0. 030
7 0.191 4 145, 265 0. 004 139, 150 0 052
8 0.205 3.6 137, 509 0. 004 ' 132, 250 0 080
9 0. 187 3.5 148, 240 0.004 . 142,600 0 042
10 0.245 3. 47 120, 661 0. 004 i 116, 150 0 046
1 0.183 3,758 113, 744 0. 002 109, ¢50 0 080
12 0.199 3.52 132, 595 0.004 127, 650 0 060
13 0.238 5, 35 110, 870 0. 005 104,650 1 0 090
14 0.273 4. 37 125, 458 0. 006 119,600 1 0 042
15 0.217 4.18 139, 566 0. 001 133, 400 0 138
16 0.243 4. 47 126, 754 0. 006 120,750 0 08¢
17 0.276 3,65 153, 258 0. 005 147, 200 0 120
18 0.232 4. 00 163, 350 0. 005 156, 400 0 11¢
19 0. 281 2. 65 163, 539 0. 003 158, 700 0 160
20 0. 368 2. 61 163, 631 0. 004 158,700 | 0. 084
21 0. 366 2.7 149, 538 0.010 | 144, 900 0 848
22 0. 399 2. 4 152, 683 0. 005 148, 350 0. 186
23 0. 320 3. 00 146, 355 0. 006 141, 450 1 b86
24 0.271 2.43 157,239 0. 008 152, 950 0. 160
25 0.233 2.8 162,516 0. 005 157, 8§50 0. 524
26 0. 255 3,27 147,768 0. 005 142, 600 0 074
27 0. 365 4 47 130, 571 0. 005 124, 200 0.120
28 0.282 3. 00 146, 292 0. 005 141, 450 0. 104
29 0.151 2.5 151, 231 0. 002 147,200 ! 0. 084
30 0. 250 2.72 152, 930 0. 006 148, 380 0. 166
31 0.315 2. 43 121, 060 0. 004 117,700 0. 404
Total | (1) 0.256 |(1) 3.20  [4,183,328 (1) 0.004 | 4,038,100 [(l) 0.193

I

- Source Own elaboration,
Units: Percentages and metric tons

- Note: (1) Monthly average

based on daily control forms
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IARLE LU-)

Salscied centrel parametars (rom Keonya Plant

(April 1972)

Dat % H,, % H0 Wet ore, (% Hg, Calcines, | % Hg, cyclg
]
ore ore tong calcines tons ne dust
l 0.311 2.3 133, 404 0. 008 129, 800 0. 164
é 0.319 2.3 190, 382 0. 004 146, 300 0. 066
] 0.278 1.1 134, 378 0. 002 129, 800 0. 050
4 0.309 4.3 133, 908 0. 006 127, 600 0.172
) 0.3%) 2.8 148, 09! 0. 004 144, 100 0. 076
¢ 0.246 3.7 147, 377 0. 006 143, 000 0. 096
? 0.311 1.81 150 641! 0. 00} 147, 400 0. 082
[ ] 0. 184 i. 9 133,710 0. 002 130, 900 0.154
9 0.25%5 2.1l 149, 882 0. 006 146, 300 0. 190
10 0. 24¢ 2. 4 145, 709 0. 00} 141, 900 0. 140
11 0.217 3.00 137, 883 0. 004 133,100 0. 158
13 0.172 3.3 122, 939 0. 003 118, 659 0.478
13 0.264 3.3 138,818 0. 003 132, 300 0.114
14 0.265 1.8 138, 125 0. 008 132, 300 0. 458
] 0.370 2.9 138, 7197 0. 008 124, 950 0.178
16 0.273 1. 67 140,314 0. 008 137, 550 0. 206
17 0. 369 2. 17 134, 857 0. 009 131,250 0.116
10 0.1311 2.3 . 0. 003 - 0. 256
19 0. 266 . - - - -
-+ -1
- -

- Source: Own elaboration,

- Unite: Percentages and metric tons

besed on daily control ferms




TABLE III-4

Daily averages temperatures and pressures at Konya metallurgical plant

(March 1972)

Date Temperatures (°C) Pressures (4) or Depressions (-)
T T2 T3 Py (-) Py (<) | P3 (-) 1 Py (4)
1 248 262 25 0.4 0.8 n.a 3.65
2 251 266 21 0.4 0.8 " 3. 57
3 246 273 23 0.4 0.8 " 4 10
4 255 273 23 0.4 0.8 " 3.15
5 267 280 26 0.4 0.8 " 3.32
6 285 294 20 0.4 0.8 " 3.05
7 282 292 13 0.4 0.8 " 3.72
8 268 285 24 0.4 0.8 " 3. 35
9 270 282 28 0.4 0.8 " 3.95
10 271 291 26 0.4 0.8 " 3.57
11 271 279 26 0.4 0.8 " 3.70
12 267 283 1?7 0.4 0.8 " 3.22
13 269 2758 12 0.4 0.8 " 4. 38
14 284 298 9 0.4 0.8 " 4. 33
18 269 285 1?7 0.4 0.8 " 3. 65
16 279 294 28 0.4 0.8 " 3.80
17 264 282 22 0.4 0.8 " 3. 85
18 266 283 20 0.4 0.8 " 2. 40
19 270 281 18 0.4 0.8 " 2. 67

20 21 280 19 0.4 0.8 " 3

21 265 284 19 0.4 0.8 " 3

22 268 276 21 0.4 0.8 " 3.2

23 269 275 22 0.4 0.8 " 3.98
24 254 267 20 0.4 0.8 " 2. 90
25 249 260 7 0.4 0.8 " 3. 32
26 262 271 2l 0.4 0.8 " 3. 61
27 261 264 24 0.4 0.8 " 2.75
28 256 266 23 0.4 0.8 " 2.63
29 243 253 25 0.4 0.8 " 3.36
30 236 253 27 0.4 0.8 " 3. 30
3l 250 274 24 0.4 0.8 " 3.70

- Source: Own elaboration based on shift control forms.
- Units: Degrees Centigrades and cm. w. g.

- Notes:

Ti, Gas temperatures at kiln's feed end

T,, Gas temperatures at fan's inlet

T3, Gas temperatures at cold end of condensers

P), Depressions at kiln's burner end

P, Depressions at kiln's feed end

P3, Depressions at cyclones' inlet

P4, Pressures at hot end of condensers

103




TABLE [II- 6

Selected control parameters from Halikdy Plant

(March 1972)

Date |% Hg, ore % HpO ore |Feed-ore % Hg in cal | Calcines,
dry) tons cines tons
1 0.250 10 102 \ 93
2 0.190 9 120 \ 110
3 0.250 9 100 . 91
4 0.320 9 129 . 117
5 0.300 9 131 \ 119
6 0.380 10.5 105 \ 95
7 0.370 10 122 \ 111
8 0.350 9 126 . 115
9 0.340 9 135 . 123
10 0.380 9 126 , 115
11 0.480 8.5 121 , 110
12 0.380 10 121 110
13 0.280 9 103 - 93
14 0.200 9 143 " 130
18 0.420 8.5 130 i 118
16 0.250 9 144 o 131
17 0.250 9.5 144 o 131
18 0.290 9.5 144 . 131
19 0.320 10 127 ' 116
20 0.290 8.5 121 ' 110
2] 0.190 8.5 130 ' 118
22 0.270 9 120 ' 109
23 0.250 9.5 130 ' 118
24 0.280 9 129 : 117
28 0.210 10 144 : 131
26 0.200 8 114 ' 104
21 0. 240 8 122 ‘ 111
28 0.190 9 144 ' 131
29 0.280 9 144 ' 131
30 0.300 10 101 ' 92
3l 0. 300 10 144 ' 131
Total 0.345(1) 9.19(1)] 3,922 ' 3, 569

- Sourcs: Own elaboration, based on daily control forms

- Units: Percentages and metric tons

- Note: (1) Monthly average
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Ore Feeding Circuit

Mine-run ore bin (150 t)

Ore feeder

Jaw crusher (30 t/h)

Crushed ore conveyor belt
Stand-by jaw crusher

100 t Ore bin with fixed screen !
Conveyor belt to kiln's feeder
Kiln's impact feeder

ooouv-c-b-.u.N-—

Calcining Circuit

9. Rotary kiln (100 t,/day rated capa
10. Calcines' bin
1l, Calcines' wagon to refuse dump

Fuel Circuit

29. Fuel oil burner (gravity fed). An.

Gas Circuit

12, Kiln's exit gases duct (@ 400 mm

13. Cyclones (4 per kiln)

14. Condenser (3 series in parallel. .
and 140 1. length)

15. Water scrubber

16, Fan (Q, 300 m3/min; N, 30 KW)

17. Stack duct

18. Stack

Mercury Circuit

19. Condenser's water seal containers
20. Stupps from scrubber

21, Exeli hoeing machine

22. Flasks filling




Luit F. Dust, Stupps and Refuse Water Circuite
¢ bin (150 t) 23. Cyclone dust chamber (washed with water)
24. Overflow water from condenser washing

(30 t/h) 25. Settling tanks
© conveyor belt 26. Stupps from settling tanks to kiln's feeder (mannual
+ crusher handling) |
1n with fixed screen (50 mm) 27. Hoed stupps to kiln's feeder (mannual handling) }
‘It to kiln's feeder 28. Kiln's overflow (to waste) |
-t feeder

G. Ore Sampling

= 7. Automatic sampler (to laboratory)
(100 t/day rated capacity)

1

igon to refuse dump

rner (gravity fed). Ambient air

zases duct (§ 400 mm)
per kiln)

i series in parallel. § 400 mm.
length)

aber

D) in3/inin; N, 30 KW)

—

water seal containers

scrubber
. machine 1
. |

Holikly Flow-sheet
ORAWMNNG I11-8
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Selected control parameters from Halikoy Plant

TABLE III-7

(April 1972)

Feed-ore % Hg in Calcines,
Date ™ Hg, ore T H20 ore (dry) tons calcignel tons

1 0.200 9 122 . 111
2 0.210 8.5 126 . 115
3 0. 240 9 125 . 114
4 0.360 9.5 126 \ 118
5 | 0.220 9.5 99 . 90
6 | 0.420 10 62 . 56
7 0.570 9 64 . 58
8 0.520 10 58 , 53
9 0.480 9 5 69 , 63
10 | 0.330 9 66 , 60
11 0. 580 9.5 62 56
12 0.450 10 67 -3 61
13 0.400 9 66 - 61
14 0. 340 10 60 CY 55
15 0.380 9.5 66 g 6l
16 0.330 9.5 88 o 80
17 0.140 9 142 L] 130
18 0.160 9 135 ' 123
19 0.240 10 119 ' 109
20 0.310 10.5 129 ' 118
2l 0.260 10 131 ' 120
22 0.240 9 112 ' 102
23 0.260 9.5 130 ' 11
24 0.430 9.5 130 ' 11
25 0.350 10 134 ' 12,
26 0.430 9.5 129 ' 118
27 0.590 8.5 121 ! 110
28 0.700 8.5 113 ' 103
29 0.440 8 126 ' 115
30 0.490 8 144 ' 131
Total 0.283(1) 9.2(1) 3,120 ' 2,839

- Source: Own elaboration, based on daily control forms
- Units: Percentages and metric tons
- Note: (1) Monthly average
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TABLE IlI- 8

Daily averages temperatures and pressures

at Halikoy metallurgical Plant

(January 1972)

Date Temperatures 2C Depressions (-)

T| T2 T3 P (-) P2 (-)
1 304 286 34 60 80
2 310 282 35 60 80
3 323 287 31 60 80
4 310 280 33 60 80
5 304 281 33 60 80
6 297 282 33 60 80
7 301 279 34 60 80
8 298 266 35 60 80
9 300 284 35 60 80
10 309 281 37 60 80
11 306 281 36 60 80
12 304 279 37 60 80
13 304 278 32 60 80
14 306 283 27 60 80
15 304 276 31 60 80
16 308 281 34 60 80
17 305 280 32 60 80
18 304 280 36 60 80
19 309 280 37 60 80
20 303 279 36 60 80
2l 303 277 36 60 80
22 304 276 37 60 80
23 305 278 36 60 80
24 304 277 35 60 80
25 303 276 37 60 80
26 303 271 36 60 80
217 305 274 36 60 80
28 304 274 37 60 80
29 304 277 34 60 80
30 307 273 38 60 80
31 305 282 37 60 80

- Notes:

Ti, Gas temperatures at kiln's feed end

T2, Gas temperatures at hot end of condenser

T3, Gas temperatures at cold end of condenser

P], Depression at hot end of condenser

P, Depression at cold end of condenser

- Source: Own elaboration based on shift control forms
- Units: Degrees Centigrades and mm. w.g.
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Iv.

1

INTRODUCTION

This part of the report includes an analysis of the
situation of the plants of Konya and Halikdy, such as it presented
itself at the moment of the stay of the second consulting mission

at the Project area.

To analyze existing smelting operations and assess
present efficiency in mercury recovery and provide specific
recommendations on their possible improvements, tests were

performed at both plants with the following general programme:

- Processing of 1.000 tons aprox. of ore, controlling all the

variables of the operation, i.e.:

1. Ore jrade

In order to determine the grade of the ore and its pattern
of variability, samples will be taken every hour, assigning

to each sample the.corresponding weight of incoming ore.

From each sample 3, analysis will be made at the laboratory

2. Calgines

To determine mercury content of burnt ore or calcines, sam-
Ples will be taken from every wagon sent to dump, soaking
the limplcc in water and putting together all samples belong-
ing to the same shift. Four analysis will be made from each
composite sample giving the average mercury content in calci-

nes at each shift.

3 Mercury production

Daily mercury production will be recorded.
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4.

Stupps

Sporadic analysis of mercury content will be performed.
Waste waters

Periodical flow gaging of waste waters will be performed,
in order to determine the average daily amount, together

with mercury losses in such waters.

Exit gases

CO2 and O; contents of kiln exist gases will be measured

with the Orsat analyzer.

Where possible, scrubbers and gas chambers will be cleaned
before the test, and at the end of the same deposits will be
cleaned, weighing their amount and assaying their mercury

content.

Similarly, a section of the stack duct will be cleaned in order
to start the test wit-h a clean section, Once the test is over,

cleaning of the deposits will be made, weighing and analysing
them. Such procedure will allow a fair idea of the importan-

ce of mercury losses though the stack.

Temperatures and pressures

Every hour pressures and temperatures will be read and

recorded at the following points of the circuit:

- Exit of the kiln
- Exit of cyclones
- Hot end of condensers

- Cold end of condensers
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1V.

2.

KONYA

l.

2.

Tests performed and their results

The tests programmed in the above paragraph took
place at Konya from the 20.4 1972 up to the 28.4.72. With
the exception of the mercury content of the stupps, and the
cleaning of the scrubbers, gas chambers and stack duct gi-
ven the great inconvenience that such cleaning supposed to
the normal operation of the plant (as a minimum of 48 hours
were estimated necessary by plant personnel for the cleaning,
with the corresponding shutdown of operations and loss of -
mercury recovery), all the remaining parts of the program-

me were carried through.

Development of the tests

While the tests were going on, we found some equip

ment difficulties .that were corrected, at least in part.

The most important were:

- Ore sampling device

It was observed that the cutter pick up a very small amount
of ore and that, of course, it did not picked up coarse -
sise particles, since its opening was very narrow. We

had to enlarge the opening, although not in such a scale
that was sufficient for the size of ore entering into the
kiln.

- Ore conveyors

They were frequently empty and this caused that the 50 t
hopper to be empty, too and the feeding of the furnace was

made in an irregular manner.
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’ - Kiln_feeding
While a man had no other task than to check the teeding ot

tre furnace in a regular manner, the feeder was rwning '

frequently empty, especially at night shifte

- Clogging of condensers and cyclones

Very frequently the pressure gaugee showed strong varia-
tions in their readings, a sign of clogging at different points
of the circuit. To settle the proper situation again needed

a lot of time.
- Di sal of cines

Given the toxicity of this operation workers did not always
leawe the discharge opening plugged with calcines and that gave

rise to abnormal air intake into the kiln.

- Combuetion system

Very often, the conditions in the system euffered a variation,
above all in the moment of changing shifte. The blower
injecting hot air to the burner was started or stopped, its
flow altered, etc., without standard procedures for its ope-

ration.
- rmati

Slags were frequently formed, forcing ue to stop the kiln
without achieving a proper regularity in operatioa.

3. Results of the tept
As a coneequence of the alterations introduced in our
program by the above said irregularitiee, the results we got

were really abnormal.

If the Konya plant is to achieve normal resuits, a
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1

regular and continuous operation of the furnace and condensa -
tion system is & must If this matter does not receive pro-

per attention. the present situition will be never improved.

It is necessary that the technicians in the plant -.

convey their concern to the men under them

A large amount of analysis was made with the

tollowing resuits

leed Ore
Table IV. 1 , shows data on amounts of ore fed,
average daily mercury grades. mercury content and mer-

cury produced, together with the calculated efficiencies

during the running of the tests

The amounts of ore fed to the kiln have been cal-
culated using the number ot wagons of calcines obtained
during the tests 974 wagons were totalized, which assum-
ing & unit weight of 1,050 kg of calcines per wagon g’

a total of 1,022, 70 tone of calcines.

Si1se o! ore fed to the kiln was 40 /45 mm during
the first 5 days of the test. During the last four days, the

i8¢ was increased up to 80 85 mm.

Although the reeults of the bigger size feed are
not cenclusive, taking 1nto account that a much longer ti-
me of operation with the bigger eize ore is necessary in
order to draw proper conclusions, it can be seen from
Table IV 1., that the capacity of the kiln showed a light
incroase at the end of the test

Slag lormation showed no tendency to increase

with the bigger sine of ore.

1)



3.2

(1)

Table IV.2., shows the amounts (1) of calcines
produced during the tests, together with their percentages

of mercury content, and corresponding mercury losses.

It can be observed from that table that the mercu
ry content of calcines are substantially higher than the --

0. 004% reported as average for 1971 in Konya inlormations.

The reason for such difference, is based in that
analysis of calcines were performed customarily at Konya
on samples allowed to cool from exit temperature of the cal
cine bin to ambient. During cooling time distillation of mer
cury takes place and therefore the assayed samples at the
laboratory shows systematically a much lower content of

mercury than the true one.

Analysis shown in Table IV.2. have been perfor-
med, following our instructions, on samples that were soa-
ked into water immediately after their exit from calcines

bin, preventing then, mercury losses by distillation.

It can be seen,then, that the losses in the calci-
nes represent a 3. 33 percent of the mercury contained in

the ore.

The necessity of achieving a good roasting of the
ores is justified by the fact that if in the year 1971, an
output of 122, 514 Kg of Hg was obtained with a return or
efficiency of 82, 77 percent, the losses amount to 4,721.75
kgs (136.8 flasks), that, at the average price of 4,500 L.
T /flask, represent 615,600 L. T/year.

The exact amount of calcines is slightly below the treated
ore figure, taking into account fire losses.
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3.

3.

It is then indispensable to achieve a good roasting
of the ores. In order to correct this deficiency in the pro-
cess, the procedures recommended in Section Il of this re-

port must be carried out.

n ure

Temperatures and pressures were controlled at
different points of the circuit, finding the difficulties that
are mentionned in Section Il (Problems on Process control).
Because of that we cannot rely on the accuracy of the recor

ded measures.

As far as it concerns the suitable ranges for tem
peratures, and pressures, they should be between the follo

wing values:

a) Temperatures

At the exit of the furnace they must range from 300 to
3202 C.

At the exit of cyclons, from 280 to 3002 C, in order to
achieve that the dust collected in the cyclon may contain

& minimum amount of mercury.

At the exit of the condenser, they must range from 2v
to 302 C.

b) Preseures

Those measured in normal conditions are correct; the
readings in the gauges placed at the hot end of the con
denser show fluctuations between 29 and 90 m/m c.a.

We repeat that the deficiencies causing that anomalism

must be corrected inmediately. They normally begin with
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3. 4.

obstructions at the condenser.

Excess Air

The irregularities of operation in the process are

denounced by the readings of the Orsat analyzer.

An idea of the said abnormal operation is given
by the series of readings included in Table IV.3. With
the Orsat, and even more easily with the oxigen analyzer
whose description is included in Annex D it is necessary
to settle the points where an excessive entry of air is
taking place, in order to get a proper operation since an

excess of air gives rise to:

- Losses by mechanical drag, and

- Losses by mercury non susceptible of condensation.

The application of the percentages of CO2 and O
shown in Table 1V-3 to formulas (2) and (3) of Annex C
must give identical values for x, i.e., number of moles

of air in exit gases.

For CO2 = 9%, we have

125
1.47 4 4.76.x

% CO2 = =9

the, x = 2.60.

Substituting in formula (3) for x, the above va-

lue of 2.60 we have:

_ _(x-2) 100 _s7
"02 = T 12 6% "Tez " 41%

Although none of the analysis of Table IV.3, co-
rresponds exactly to those theoretical conditions, we must
assume that CO2 readings are more reliable, taking into

account their more exact determination with the Orsat
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3.

3.6.

3.

5.

7.

analyger.

Therefore for % CO2 = 9, the excess air above

the theoretically needed, (x - 2), will be:

For the type of fuel-oil used at Konya a 15% ex-
cess air is suitable, therefore it can be concluded that as
a rule, at Konya too much excess air is used, with the

consequent mercury losses by mechanical drag and unsuita-

ble condensign conditions.

Cyclone dust

Reported mercury content for cyclone dust during
1971 has been 0.075%. However these averages have been
consistently higher during the month of March and first
half of April. (0.193% and 0.175% respectively).

No analysis of cyclone dust is. available for the

test period.

Wutg water

The amounts of waste water from settling tanks
have not been gaged nor analyzed for mercury content ta-

king into account the very small amounts evolved.

Laboratory analysis

Mercury analysis were performed at Konya by the
Eschka (or Whitton) method. In this method, the ore or
calcine sample, together with fluxes is pPlaced in a metal
retort tube closed at one end. A clean, weighed gold foil
is placed over the open end and a metal cup clamped down

on it, sealing the retort. The cup is filled with water, and
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as the retort is heated, the quicksilver vapor rises in the
retort to the foil, on which it condenses and amalgamates.
The foil is again weighed, the increase showing the amount

of quicksilver in the sample.

By this method during the running of the tests a
total of 400 analysis of ore samples have been performed

together with near 40 analysis of calcines.

4. Materials balance and operation efficiencies

Tables IV.1 and IV.2, show the general materials

balance for ore, recovered mercury and calcines.

Taking into account the relative short duration of
the tests and the unbalances introduced into the system during
the test period by the irregular sequence of stupps charging,
materials balance are more representative considering total
yearly figures. We shall use available data for 1971, to esta-
blish the approximative materials balance of the metallurgical

operation at Konya.

4. 1. Materials balance

Using 1971 data we have:

- Treated ore (wet) ............0.0..... 65,084 tons

(4% H,0)
- Treated ore (dry) ...... .... eeierena.. 62,480 tons
= Calcines ..................... e 62,480 (1)
- Average grade of ore ...... e 0.236%
= Average mercury content of calcines .. 0.008-0.009% (2)
- Average mercury produced ........,... 122.5 tons

(1) The exact amount of calcines is slightly below the treated
ore figure, taking into account fire losses, but for the

purpose of this calculation both figures may be considered
equal.
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4.

2.

The amount of residual stupps after lime treatment
is not exactly known, but it is estimated that some 300 tons
of stupps were fed back to the kilns after lime treatment.

We have estimated for those used stupps the following ana-

lysis:

- Mercury: 18% 54 tons
- Lime: 50% 150
- Water: 20% 60
- Dust: 12% 36 "

100% 300 tons

From the above figures the most significant fact
is that during 1971, some 54 tons of mercury have been

recycled.

Mercury recovery efficiencies

4.2.1. Metallurgical efficiency

4.

2.2.

During 1971, the metallurgical efficiency was:

Mercury (obtained) _ 122.5 tons _122. 5 tons
Mercury (content) ~ 62,480 x 0.236 147.5 tons

= 0.83

Condensing efficiency

To calculate this efficiency, it is necesgary to
consider that all mercury contained in the ore, and the
recycled mercury from the stupps, passes into the condensing
system, less the mercury lost in calcines and cyclone dust.
The latter will be disregarded in this calculation taking 'mto\

account its small value.

Then,
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Mercury from ore, 62,480 x 0.00236 4 147.45 tons
Mercury from calcines 62, 480 x 0. 00009 5.58 tons

4 141,87 tons

Recycled mercury (from hoed stupps)
300 0.18 ... ...... e e .. ¢ 54,00 tons

- Total to condensing ...... . 195. 87 tons

Then, ths condensing efficiency has been:

122.5 4 54.0

195. 87 - 0901

Which gives 9. 89% losses in condensing.

Therefors, the fact of recycling 300 tons/year of
hoed stupps to the kilns, produces a yearly loss of mer-

cury which amounts to
300 x 0.18 x 0.0989 = 5,34 tons.

Therefore, if stupps are not recycled, the conden-

sing efficiency ‘'would be increased by

5. 34
141. 87

x 100 = 3.76%

And the resulting condensign efficiency,
90,11% 4 3.76% = 93.87%

4.3. Operating efficiency of the kilns

This efficiency has been defined as the ratio:

annual working hours
24 x 365

For 1971, this ratio reached a value of 0.834
for Kiln I, and 0.615 for Kiln II, which was not in ope-

ration for 5 months.

During ths tests, the operating efficiency had
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the following value (Unit II only in operation).

Theoretical working hours (from 9 A.m. of
20-4-72 to 12 hours of 28-4-72) = 195 hours.

Hours of stoppages during the tests = 8. 33 hours

186. 67 - 96%

op.eff. = 195

4.4, Capacity efficiencz

This value is given by the ratio:

Actual capacity (tons)
Theoretical capacity (tons)

During 1971 this ratio reached a value of 0. 760
for Unit I and 0.753 for Unit II.

During the performance of the tests (Unit 1)

Actysl capacity _ 1,022 - 0.84

Theoretical capacity ~ 150 x 8.125

8. Specific recommendations

The results of the tests, together with the analy-

sis of the problems encountered during our stay at Konya have
allowed to provide specific recommendations on possible

improvements in the following areas:

a) Mercury recovery and technology
b) Plant overall operation

c) Equipment maintenance and operations control

Such recommendations have been included in

Section II of this Report.
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IV.3. HALIKOY
1. Tests performed and their results

Tests programmed in paragraph IV. 1. took pla
ce at Halikdy from the 2.5.1972 up to the 12 5 1972.

All the parts of the programme were carried -
thpough, with the exceptions already noted in the case of Ko
nya, i.e. the mercury content assaying of stupps and the

cleaning of scrubbers, gas chambers and stack duct.

2. Analysis of existing operating conditions

Before starting the tests and modifying the opera
ting conditions, a careful analysis of the existing situation at
the time was performed together with the measurement of va
rious parameters in order to assess present operating condi

tions.

The most important results of such analysis are
listed below:

- Only one msrcury anslysis of the ore is performed at eve
ry shift.

- Only one mercury analysis of calcines is performed per
day.

- Excess air is not controlled by lack of proper instrumen-
tation (Orsat analyser)

- Kiln exit temperatures are adequate.

- Temperatures at cold end of condensers adac too high and
probably at summer time will be even higher.

- Depression at cold and hot end of condensers are too high,

- Granulometry of feed ore was set at 40 mm. size,
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- Traces of mercury were apparent in mud deposits of was

te water.

During the development of the tests, we found
several equipment difficulties of very difficult correction,

given the design characteristics of the equipment of the plant.

3. Results of the tests

Tests were started by increasing the number of
samples and corresponding analysis of feed ore and calcines.
Taking into account ths defective conditions of the laboratory
equipment and the limited personnel available it was not pos-
sible to perform more than four ore and one calcines analysis

per shift,
Obtained results were the following:
3.1. Feed ore

Table IV-4, shows the amounts of ore fed, ave
rage daily mercury grades, mercury content in the ore and
mercury produced together with the calculated metallurgical

efficiencies during the running of the teste.

The amounts of ore fed to the kilns have been
calculated using the number of wagons of calcines obtained.
During the days of the test a total of 2. 126 wagons wsre
obtained, which assuming an average unit weight of 530 kg
of calcines per wagon givesa total of 1. 126 tons of calcines,

corresponding to some 1. 208 tons of dry feed ore, using
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3.2

3.3

(1)

Halikdy's rule of thumb calculation procedure (1)

Size of ore fed to the kilns was set at 40/45 mm
during the first days of the tests, increasing the ors size

to 80/85 mm the 8 th of May up to the end of the tssts.

Although the results of the bigger siszs ore can-
not be conclusive, taking into account the equipment short
comings and the frequent interruption of the tests for seve
ral reasons, they are very promising about the possibility
of increasing kilns capacities, provided the necessary fuel
input is given to the burners in order to obtain proper cal

cines.

The total number of calcines' wagons obtained du
ring the feeding psriod with 80/85 mm sise ore, amounted
to 459, in 7 shifts. Such rate would increase the capacity
to 167 tons/day for beth kilns, which compared with the
142,5 tons day of 197] average, means an increase of --
24,5 tons/day, or, in other words, a 17,6% increase in

capacity.

SCalcines

Calcinss show normally at Halikdy only traces
of mercury. During the tests and even with the bigger sise
ore the amount of mercury in the calcines showed ne increy

se whatsoever.

JTamperatures and depressions

Temperatures at the cold end of condenser seached

Divider 0.9]1 is used as a rule at Halikdy te convert weight
of calcines into weight of dry feed ore.
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average values from 38 ( 10 409 C

It was net possible to decregee temperatures -
with & preper regulat.on of depressions in the .ondenser,
80 no regulating valve nor speed variater was avalable
at the suctien fan. On the other hand, the bad state of the
condenger pipes badly .v:roded and the abwadant arr inlets
threugh the ecrubbers mide unswcceseful amy intent of de-

pression regulation.

As far as it concerne the suitable runges ior ten)
peratures and deprescions, they should be betwern the :oi-
lowing values:

o) Tamaeratures

At the exist of the kilvs, they must range ‘roi 100 1o
3200 C

At the onit of cyc'ons. ftrom 2080 to 30OF ( n urder to
achieve that the dust (ollected in the cvclen C Ontaing

always a minimal arnount of mercury

At the cold end of undensers, they muet range lrom -
30 e 300 C.

) Desrsasiens

- At the cold end of condensers, %%-60 mm '
= At the kiln's exit, 2-3I mm. w g

Encess pir

At the beginiung of the tete readings o! the (r.
oat analyeer ohowed grea! encooe air at hiln's omit, (%%
CO,. readinge were trequent) Ceorrective measures limited
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by the gravity feediag o' “tem of fuel to the burners, and
OO air iniet though the ore (eeder, gave better repults,
shewn at Table IV-$ appended.

Nevertheleos, at  ondensers emit amounts of ox-
€000 alr wore entremely high All eftorte to improvs such
conditions were fruitiess by the alresdy mentioned circume
tance of the abundant leakages of condenssre’ pipes caused
by corresion Hest valwes for CO; have never been high
or than 3% during the tests

Lisiane duat
Mercury cemtent in cycleme dust has been very me
dorate during the teots Analveis performed have shown an

AVOrage mercury comtent ot 0 07%, an ameunt which may
be quaified as satistactorily low

¥aste waler

Vieual observation ot reeidual muds of waste wa-
ter ot the bdeginaing of the test indicated on Apparent merey
ry content

Twe tests have been performed in order to measy
re the ameunts of water sent datly to waste and its mercy
ry contont

Te this end flow gaging and sampling were made
Al twe dillorent poriode

a) Before water bocatme niuddy hy the waeshing ot the com-
donoer

b During the peried of muddy water offtuence by offect of
condonser washing
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Flow gaging was performed every !5 minutes -
ueing 8 40 |. drum and samples for mercury analysis were )

taken svery 5 minutes.

Tables IV-6 and IV-7, show the recorded data -
frem both tests during period b) of the same. During period
a) an average filling time of the drum of 55 seconds was re
corded.

During period b) of the first test 185 grams of
duet were collected in the samples with a mercury content
of 3.800%. For the second test corresponding figures were
328 grame and 3. 8% Hg. respectively.

For period a) 7.7 grams of dust for every 4. 751

of water and 0. 8% Hg. wsre measured.

Therefore, the total daily mercury losses were:

dot._Tost

Peried »): 0. 69 kg of mercury/day
Peried h) 4.76 h. H " "
Tetal: 5. 4% kg " "
Mad Test

Peried a): 0.69 kg. of mercury/day
Period b): 6.10 kg " " "
Tetal: 6.07 kg. " " "

Therefors, yearly losses according to the above
figeres would be:

let. test: 5. 49 x 365 = 1,989 2% kg/year
Ind. teet: 6.07 x 38 = 2,507 5% kg/year
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3.7.

3.8

Mercury losses by this concept may be, then,
estimated from 2 tons to 2.5 tons/year, corresponding to
2% and 2.5%, respectively, of the yearly average mercury
production of Halikdy for 1969, 1970 and 1971,

Stackline depopite

Four samples of stackline deposits have been ta-
ken and analyzed. Two of them were taken through the up-
per manhole located at 12 m. of the foot of the stack and
the other two through the first manhole after the exhaust -
fan. In both cases samples from the bottom and walls of

the stackline were taken.

The mercury analysis from such samples gave

the following results:

Upper manhole S*MPle n2 I (bottom).  57.46% Hg

Sample n? 2 (wall): 33.93% Hg
Sample n? 3 (bottom): 6. 10% Hg
Lower manhole o ple n2 4 (wall): 27. 96% Hg

Such figures show clearly a very poor efficiency
of the condensing system and might : give total losses in
stackline and stack near 12-15%,

kaberatory Analysis

Mercury analysis is. performed at Halikdy by
the cslorimetric methed, with ferric sulphate as an indicp
tor. The method is wsed for checking feed ore samples

and aleo calcines samples.

By this method, during the running of the tests
137 samples of feed ore have been analysed, together with
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calcines samples (one per shift) and other miscellaneous

analysis (cyclone dust, stackline deposits, etc).

4. Materials balance and operation efficiencies

Table IV-4, showsthe general materials balance

for ore and recovered mercury during the tests.

Calcines have been omitted, taking into account

that they only showed traces of mercury.

For the same reasons stated in the (ase of Ko-
nya we shall use available data for 1971 in order to esta-
blish more representative materials balances and operating

efficiencies.
4. 1. ri balance

Using 1971 data we have:

Treated ore (wét) e 48,921 tons (8% HZO)
Treated ore (dry) ... .... ........ 45,470 "
Calcines ... . ... .. .. .. ... . ... 41,383

Average grade of ore .... ..... ... 0. 254%

Average mercury content of calcines. Traces

Mercury produced .. ..... ... ... .. 100,240 tons

During 1971, no stupps have been recirculated to
the kilns, and all stupps produced were treated in a fuel-oil

fired retort.

4.2, Mercury recovery efficiencies
4.2. 1. Mstallurgical efficiency

During 1971, this efficiency was:
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4.3

4.2.2

mercury (obtained) _ _100,240 toms 100, 240
mercury (content) 45,6 476x0. 254 115, 509

Condensing efficiency

As no stupps were fed back to the kilns, and mer

= 0. 867

cury losses in calcines may be estimated as negligible con
densing efficiency coincides with metallurgical or global ef
ficiency, therefore its value was 0.867 or 86. 7% during -

1971,

Condensing efficiency is substantially poorer than
in Konya, by the reasons already stated about condensing

temperatures and air intake into the condenser ducts.

Operating efficiency of the kilng

For 1971, the operating efficiency, i.e.:

annual working hours
24 x 365

reached the value: (see Annex G, Stoppages)

7,987

U itl= S ——
" 8,760

0.91

5,492

it e —42
Unit T = —=%

= 0.63

During the tests, working time for both kilns to

tallised 218 hours. Therefore the average operating efficien

cy of the plant was:

218 hre_ _ o 93,
234 hrs

as 16 hours of stoppages were recorded during
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the tests by crusher breakdown and miscellaneous causes.
4. 4. Cappcity efficiency
This valus, given by the ratio:

Actusl capacity (tons)
Theoretical capacity (tons)

reached a global value for both kilns in 1971 of

48,921 tons (1) _ 48,91 0. 67
2 x 363 x 100 tons 73,000 -

During the test, and for an average humidity of
the ore of 7. 4%, the corresponding figure has been:

1, 308 tome (1) 1,308 oo

= l.
r ¥ 3 -‘-:-} x 334 tonse 950

dnscific recommendations

The problems found and analysed during our stay
at Halikdy have allowed toestablish the specific recommendy
tions included in Section Il of this Report.

Waet .oro
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TABLE V.3,
Qrgat analyper readings at Konya Plant

O

O
~
R

&>

N

e

e

o :

>

02 02 % W % Cop
12 " 6
3.5 " 9
L) " 8
4 EE 8
3 " 8
2 5.8 W 6.7
5 4 ) 8.5
. S -
. "
2.5 EE 9/9.58 3/2.5
2.5 " 8
3 3.8 5; 9.8
A
' "
3 h 6
3 t 5
2 EE 7
3 " 9.6
3 ) " 9.5
2 " 6
5 | " 7.8
2.8 i 8
3 1 8
1.8 " 5
2 " 7
| "
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TABLE ]V-5.
Orsat analyeer readings at Halikdy Plant

Kiln 1 Kiln 1II
% Co, % O % Co2 % O
7 1 12 2
6 3 12 2
6.5 - 11 3.2
8 2 11 3.2
10 3 10.3 3
10 2 11 3
9 1.8 10 3.5
9 2 10 3.2
8.8 1.4 10 3
8 1.2 11 2
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l.

General

During our stay at the Konya and Halikoy plants, pat-
tsrns of correct plant operation have been given to counterpart per

sonnel in marcury extraction.

In order to get maximum effectiveness of such training
and taking profit that both Superintendents of Konya and Halikdy -
plants have a good knowledge of English, training of shift fors-
msn has been made through them, especially on control procsdures,
giving on the spot advice to improve all difficulties that were sn-

countered during the development of the tests.

Besides that.daily meetings have been held with plant
superintendents, with the fraquent assistance of plant Managemsnt,
to discuss incidents of daily work and to prepare tests procedures

for the following day.

Special emphasis has been placed on control procsdu-

res for the following matters:
a) ted ore

Correct sampling procedurss on feed ors, weighing of samplss,
laboratory analysis and recerding of daily results have been -
established.

b) Calcineq

Shift foremsn and worksrs at the calcines bin have besn instruc
tad on proper calcines sampling, soaking samples in water after
thsir exmtraction from ths calcines wagons in order to avoid mer
cury distillation by hot temperature of the calcines, with ths -

consequencs of wrong analysis results.
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2.

c) €O2 at kiln_exit gases

Plant superintendents have been instructed in the correct use
of the Orsat analyser for CO, and O, control in exit gases. At
the end of our etay they were performing current analysis on

both gases with the above instrument,
d) tur nd _pressure

Importance of proper control of both variables has been stres
sed, and also the need of taking quick and proper action in ca

se of anomalous readinge.

f) Gas circuit tightness

The detrimental effects of excess air in the circuit and its re-
percussion on mercury recovery have been discussed in detail

with plant personnel.

Recommendations on personnel training

We estimate that at the end of our stay in Konya and
Halikdy the need for a careful control of plant operations is fully
understood by Turkish counterparts, and that several of the proQ_i
ded patterns of correct plant operation will be incorporated to dai
ly routine work, with the limitations presented by existing instru

mentation on site.

Nevertheless we have observed an almost total lack of
information interchange about problems and operating procedures
between the Konya and Halikéy plants, and therefore we would re
commend periodical meetings of engineers of both plants in order
to discuss current problems and make possible exchange of opi-

nions to solve them,

Such meetings, must have in order to be fruitful a ve
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ry specific discussion subject, and should be held, in alternate

sequence, in each one of the two plants.

Finally, we would like to recommend the convenience
of training stages in foreign mercury plants tfor the engineers of

Konya and Halikoy.
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MINING

1. Technical aspects

1.1 General

a) Brief description of orebody indicating if mining exploita-
tion is open pit or underground. Crebody thickness Dip

Nature of country rock and of side walls.

b) Mineralogical aspects. Type of mineralization Useful and
other related minerals. Mercury grade and percentage of

other elements (epecially arsenic, if any).
c) Type and characteristics of gangue

1.2. Investigations

a) Indicate if the orebody has been fully investigated and by

which methods. Study of reserves.

b) Indicate if exploratory borings at short run have been car-

ried on.

1.3. Mining

1.3.1. Ore breaking

a) Are explosives used?

b) Is drilling performed with hammers? What is the

hammer's weight?
¢) Indicate if extensive blasting is performed.
d) Are drilling rigs used?

¢) Type and manufacturer of drilling bits.
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1.3.2.

1.3.3.

1.3. 4.

l. ’v s-

Loading and transportstion

a) Indicate which methode and type of equipment are used.
Firing

a) Type of explosives used.

b) Indicate if microdelaye are used.

c) Is fragmentation favorable?

d) Consumption of explosives by ton of ore.

¢) Indicate if the presently used explosives could be sube-

tituted by more economical ones.

Mining dimensions

a) Indicate the present dimensions of a working face and

if they are estimated as optimum.

b) Indicate if side walls nature do not allow dimensional

changee.
c) Indicate the present height between floors.

d) If open pit exploitation, indicate slopes, height of banks
and track width.

f ni

a) Indicate if mining is performed, in a mimne section, by

advance or by retreating systeme.

b) Is it necessary to timber the head and base galleriee?

1.4. Prepazetery workinge

a) Present dimensions.

b) Advance in m/month

c) Indicate if such workings are performed owteide of the

182



orebedy.
1.5, Timbsring

a) Indicate if timbering is performed, and type of timbering
materials used both in the mining and in the preparatory
workings.

1.6. Resylts obtained with the present mining systems

a) Indicate if present ore grade could be improved with a

change in mining methods.

b) If such is the case, are ore and waste mixed with the re-

sult of a drop in grade”?
c) With the present system, what percentage of ore is broken?

d) Indicate if a mass or a selective mining is presently pre-

ferred.

¢) Indicate if the ore granulometry obtained is useable for the

metallurgical plant.

f) Indicate which factors, in addition to explosives, dimen-
sions and arrangement of shotholes, may have an influen-

ce on granulometry.

g) Indicate if the mine workings are concentrated in order to
get a eaturation in transport and extraction operations, and

if the orebody allows such concentration.

1.7. Miscellaneovs

Are power, compressed air, extraction, etc. capacities sui-

table?
1.8, fet

a) Accident rates
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b)) Meain coauses

c) Accidont prevention messures prosently adepied

d) Dees the enplettation hare o POPRP 000ih wh Hhe Suriace
3 Bsesamical anpaits
3 1 Tennage precently mined
3.2 Procent pavrell @ioteibution by cateogeries
8 ) Indicate if spocialined manpneer 10 aveiloble
3.4 Precont cutpute por man Nour n

- Ore breshing. tone maa -howr

- Losding and tranepur! tens man heowr

- Total mune nterier i1 applic able), tone man - -howr
Total mine tone nwn - Rowr

2% Fuplosives wnaungtivi sg tn . .e
26 Power .ensumption bwh twe ot .pe
27 C(ompreseed air corsumptivn m' ton of are
2 8. Bite (onsumption wnite ton i ure
3.9 Efficioniy of emoting lnathng. 1rAnEPEet. o oqUMpPmEOn
N METALLUAGICAL PLANT
' Xashaisal sssests
1 1 Precent flow-sheet i ore Preperation installotinns. wp ' M
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1 3 Present Nlow- ohoot of motaliurgi ol plamt oot WBriury roscovers
inetallations

| 3. Operating date
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- Gas flow (NmJ Mour) in relation to weight of treated ore

(tons /hour).
- Hg in gas (gre/Nmd) at stack inlet.
3. Esssemical aspecte

+ Tons /man-hour of calcined ore

Fuel-oil (or other fuel) in kgs/ton of calcined ore

Power, kwh/ton of calcined ore

Percentage of Power, Fuel, Labor, Supplies, repairs and main-

tenance costs in total operating costs per ton of treated ore and
per flask.

Plant investments per ton of trsated ore in U.§. dollars.
). Qeasral

- Indicate what is the critical ore law taking in account present

costs and sales prices.

» Indicate cost repercusgion of Mining plant and Metallurgical plant
on ton of treated ore and flask, respectively.
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1)

14

In this Annex calculations tor the roasting of a mercu
ry ore are developed using fuel-0i1l in the combustion. onibustion
process with variable percentages of excess air is analyzed together

with the influence that such excess air has on mercurv (ondensing.

For numerical calculations the average analisis o Ko
nya ore fed to the plant during 197 has been used. Howeier the
calculation process is general and may be quickly applied to any

ore whose analysis 1s known.

We will assume an andalysis corresponding to the \era

ge ore of Konva during 197] (See Section I]1, paragraph C 3 11

Ewal-oil apaiyeis

An .verage analvsis corresponding to the lorimula -
(CH,ip 18 ussumed. Theretore, (-88 7 Hy - 4 3. The (a,
lable data t1or the tuel-o1l (onsui..ed at the studiedc plants, show
a sulphur .ontent 01 2 5 percent Norimally this « ement eubist:.
tutes for the hydrogen, and so the tollow ing anaire:s wr the tuel-

otl has been estimated
C « 8\ Y8 H£ 1} &, 8 d 87,
Ewel-oll seponmmtion

18 hy ton ui are

Sealiided shalyain

The taliines amalysis tor Kanya during 197 indi. aie
that ualy 61 hg @f cartanates Iru.. the 348 2 Ng “aoeling b ule
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3.

ton of ore are dissociated during roasting.

Semimistion process

For the complete combustion of 14 grams of fuel-oil
(stochiometric reaction) the exit gases, not taking into account
for the moment, the mercury vapor, neither nitrogen and not com

Maed onigen from excess air, are:

s) Combustion gases from fuel-oil (CO,, H O, 80;)
b) Water vapor from humidity of the ore
¢) 80, from roasting of sulphides

d) CO; from carbonates dissociation
Combustion air is assumed dry.

The weights of the above gases for 14 gr. of fuel are

thea:

« COz from fuel-oil o 44 gram.

- CO3 frem carbonates .. ... 1 "

+ HgO frem fuel-oil o s "

» HgO frem hamadity = = = e

» 803 frem ouiphides 6

- 803 frem feel-0dl = . . . r v
132 gram

From the sbove weights the mels of gaees correspen-
ding % the combustion of 14 grams of fuel are thea

cop MU,y

Ngo ..”.TE.'_‘.;L.
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80, .
LYY

= 0.81
(If amount of sulphur content in the fuel is compeneg
ted by the hydrogen, 0.17 mols less of water result)

Then the necessary mols of oxygen for the theoretical

combustion, i.e. the amount corresponding to the chemical reac-

tioas are:
For C of fuel : l mel
For H, " " 0.33 (0.50-0.17) mol
For 8, total 0.51
- Total 1 8% A2 mols.

In practice, it is necessary, in order to ensure com
piete combuetion, to use an excess of air. Let § be, the number

of mols of air actually used.
The combustion reaction is, then:

(CHz) 4 x (O2 4 3.76 N2) 4 0.25 COp 4 0.71 H0 4 0.518
1.2 COz 4 1.71 Hp0 4 0.51 80, 4 3.76. x . Nai(x-2)0p (1)

From (1) it is derived immediately that the percent
ia volume of COz, O, and HJO in gases are, respectively

. 143 100
*CO: 1.88 4 171 4081 4 376 x ! (m-13) (8)
"0, - Ax - 2 . 100 »

1.2% 4 1L.71 4081 4 32 wi (w-2)

* N : L. 100
© 1.2 4 1.71 0080 4 376 ndé(m-2 @

Feormulas (2) and (3) allow the immediate determina-
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SPECIFICATION WITH AMPLIFIER FOR HIGH-LE VEL INPUT

CHARACTERISTICS

WITH AMPLIFIER FOR LOWLEVEL INPUT

omf. :

SWeent : by thunting

potentiometer adjustment?
from 0.8 10 § V with left-hend 2ero0.
from £0.6 0 £ 2.6 V with centre sero.

Seele (mA)
0.2
0-100r 10- 90
?- :ov 4.2

—8id

%
s
t

omd. . 2 rangss with potentiometer adjustment
® EmViwo80mv
o8O0 mVioo8Vv.
Cither range miected by changing two resistors.

For resitense thermometers, 1pan is adjustable by,
putentiometer from 10 %0 110§L

SR TTING OF
LOW END OF SCALE

Cantm t Von bV rongs.

From 0 10 §8 mV on Both ranges (limited to heif
the men for nerrow espen radiation detectors).
From 00 10 220 £ for resiance thermometers,

ACCURACY

2 1% of spen.

= |

O8AO SAND

08 % of spen,

WPUT IMPEDANCE

At beieones : 100 kST minimum
Unbsisnesd : 100 MET minimum

At baisnce : 80 K£2 minimum
Unbsisnced : 100 ME) minimum

SOURCE RESISTANCE

3 k{1 menimum.

§ k$2 meximum,

MESPONSE TIME
{foll male)

AMBIENT
TEMPERATURE

O.N!dmnpv.c.

0.08 % of apen per °C.

MAXIMUM RELATIVE
HUMIDITY

0%

Rosistance 0 humidity is limited only by its effect on the chart paper.

LINE VOLTAGE

110/127/220V 2 10 %, 80 or 60 Mz, St inside instrument,

Tpen : 12 VA,
2pone : 18 VA,
3pene : 26 VA,

. Spare : 3V VA,

SFPECT OF POWEA-LING
VARIATIONS

2 10% volage : 0.3 % of pon
40 % 00 Mz freguency : 0.2% of gen.

£ 10% voitage : 0.2% of span
40 10 00 Mz frequeney : 0.2 % of apen.

OIFPENENTIAL MODE
AEJECTION ot 0 e
1V rama s pon

3% of spen with aev0 at left
4.8 % of spen with centre sro,

3% of g,

1 V mon end 1200 {1 smuroe resietanee.

01% of spen for 18 V de.
1 % of qpan for 100 V rama.
80 M2

0.1 % of apan for 138 V de.
0.1 % of apan for 100V rama

With § mV men ond 1000 £ ssurce resissanse.

08 % of wpen for 30 V &e,
1 % of pon for 10OV rama
90 Hs.

08 % of spen for 30 V de,
2% of pon for 180 V rama
50 Ma.

+ Torminel
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Meroll Chert

Chort width : 4" (100 mm),

o) Re-roll for 83 ft long chart ; one month at 3/4" (20 mm) per hour.

b) «48 hourss selt-curling chart.

¢} Folding chart with 40 mm (18/18"") pleats, Folds down into plastic storage container,

Ohert sposdh :
¢ Sandard : 20 mm (3/4”') per hour single speed.,
20 ond 800 mm (3/4°° and 24"') per hour two-speed.

¢ Optionsl : 10- 60 120 200 - 380 - 600 - 1200 - 3800 and 7200 mm/hr to DIN 16 230 et 43 831,

On request, the recorder can be provided with 2 independant chart-drive motors for basic and high speed, selected
either by 8 switch on the chassis or by remote control, Stendard combinations : 20 - 120, 20 - 600, - 1200 mm/hr.

DESCRIPTION

All components are mounted on 8 chassis which can slide out of 8 metsl cass. The instrument will operate when
partislly withdrawn for inspection or sdjustment,

Fined saales : one per pen (up to 4) removable.

Choice of markings :

¢ 0to 10, linear on one side, square-root on reverse side ;

® — 10 to0 + 10 tor centre 2er0 ;

¢ Blank scele ;

¢ Speciel merkings on request.

Connsetions :

At reer, on terminal bosrd with cover ; all terminals are marked.

Mounting :
Fiush on beerd ;
- Close mounting possible.
Colowr : grey
Overell dimencions : 144 x 144 x 603 mm (8 11/16” x B 11/168" x 24")
Weight : 20 Ibe
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TRARSISTORISID ELECTRONIC [ECO0ET:

MlN'PONT- TYPE D FCC-A-102-K

Recorder 10,70

The MINIPONT, which was the first miniature instrument to be put on
the market, ten years ago, is already well known to industrial technicians
and research workers. Today, it is in no way out-dated, in spite of the
appearance of a very large number of small-format instruments ; the
numerous improvements make keep it both up-to-date (an all-sllicon
transistor version is now available with intrinsic safety °) and polyvalent,
offering 8 combination of qualities rarely encountered.

REDUCED DIMENSIONS

The reduced format (180 x 193 mm) and the availability of a two-block
version reducing from 5650 to 400 mm the panel-mounting depth required,
make the MINIPONT ideally suited for equipping industrial coritrol panels
and consoles. The advantages of the MIKITGiT's small dimznsions are no
less appreciated in the laboratory; workers have available a prccise and
readily handled measuring instrument, which can be used in puiialle test
equipment and in experimental vehicles.

GREAT ADAPTABILITY

The MINIPONT parforms :

edirect measurement of temperatures, by means of thamccouplas, o7 o ioo Cavtiisinuiers of radiction pyioinaters ;
eindirect measurement of any physical phenomcnon which has first bien trani osed into a propodiionud electrical signal:
flow, pressure, level, speed, gas concentration, pH, condu:tmty eic....

Certain original features make possible the following ada

ethe measuring range may be a'tered, simply by repla..mg a ozt of connoction stiips.

The MIN!PONT may also be equipped with two switch-oparcicd measuring .. s

ein the measurement of temperatures by thermocouple, the nature of ih2 ccuple may be chanoid by altering a terminal
bridging. The instruments are provided with reference junction compri *icn circuits, prewiied, for the four stendard
types of thermocouple.

eThe function of the measuring bridge may also be modificd. It is very ercy to choige from a Viiui tone budge toa
potentiometer circuit.

¢ The muiti-point instrument provides for the use of 8 points of measurcment; the doubla rang2 models inay be eyuipped
with an automatic renge selection device.

eThe chart (useful width : 120 mm) travels at one of three sueeds, selectz’l sinply by clianging the position of a pinion.
For greater flexibility, we can, on request, provide an elcctrical gear-charige davica which multiplics the basic specd by
10 (or 60).

On request, the MINIPONT instrument may be equipped with a folding sirip chiait rack inierchzngsilie with the normal rcaoll
strip chart.

STANDARDISED CONRSTRUCTION

The MIFSIPONT is presented in a metal case cortaining a sliding tray on viioh oy tavdod sty Cromanlilies,
linked together by a lock-in connector : the elzctromochiinica! block and t. . Lo ;« Lo, ozl Lo sestion can
be brought out of the case, for inspection or adjustmant, vithout any intoive, o i PEVOLLA; N s position, itis
possible to disconnect the chart frame to replace the chart. The two scctions z.¢ Liwichosgezzle, end con Loty Lo removed,
from the front of the case, for replacement or maintenance purpcss; there iz 1o LoNNECHILNS 1O b2 LiesrGenod OF Wiruidsiad,

A COMPLETE RANGE OF AUXILIAWLWY DLDEVICES

A range of complementary devices makes the FiNIPONT adapichle for the nwst varicd wuxilizey functizas .

¢ Signailing, operation of slarms, "measurement’’ fuilsafe dovices.

¢ 2 - or 3 - speed discontinuous control; continuous control by pneurnatic conticliers - PAT, CAT, DAT or DIAT.
o Electric or pneumatic remote transmission of the measured varizble, to a Covtioner, an  indicoiur o a recordar.

* The Intrinsic safety is guaranteed for the outer Input clrcuit. In that case, Cortain options are excluded, I'lceze consult us,
{Certificates n° 153.249 of the LCIE and n° BM 3 - 4.126/151 E of VERITAS ofiiza).




SPECIFICATIONS

The type O NIRIPONT hes on oll silicon transistor electronic
section. The emclusive use of semi-conductors reduces heating
up and guarentess o mability sfticient to have enabled us to
ehminate sny testing or stenderdising devices from the front
plate The whole of the transintorised alectronic section is inter:
changesble with the vaive unit, which can be substituted for the
tormer ingtentansously.

special core has been taken with the insulation, increasing the
Sstrument’s ineensitivity to axtraneous voltages, and meking
possible the messurement of sources whoss potentisl is consi:
derably different from that of the man (slosved couples under
power. for exampie). On the multi-point version, a fitth commu-
rator may be provided, for switching the screen of esch measu:
ring line when the detectors are energisnd with respect 10
ground.

Further, the slide wire is mounted in 8 dust proof case enring
long life snd infrequent maintenance.

Mossuring oireuit
Function £iectrics! wpan Guaranteed accuracy

Pyrometer for thermocoupies 1 minimum +(20uV + 018% ¢ o 05° E)
Millivoitmeter 2 to 200 mV ¢« GuV + 0.16% ¢ 067 €E)
Wheststene  bridge 2 w 186 536 to BOO°Clapprox. +10.2°C + 0.4% €

£ slectrical span

e amplitude of zero ofteet, it eny

Nomingl roIpOMES Hme .28

Ouend bandd - 0.19 7, of electrical span

Manimum goures rosistanes . 800012

Input impadanse ot wabslonse . 900082 .

Infiuense of entransous valtag . for @ veriation of less than 0.37, of the slectrical spen, it is possible to

oy -

stwesn om0 mmuuwm:.asm voitage equal t0 10 080 times the electrical pan
(CMR. 180 @b for 10001} souroe resistoncs) or an alternative voltege equal to 10 080 times the electrical spen, but equsl,
at most, to 80 V (CMR, 180 db for 100062 source resistance).

OTWESh MOBEuring Wrmingls : on slternative voltage oqual to 80’ of the electrical spen.

Nanimum Smbiont Mpretsre . 48°C

Multi-point instremonts . 6 points (can be adepted for 2, 3 or 4).

Nomins! switahing spesd 785 s (2.8 5. on request). Commutation may be stopped by ope-
ration of a switch or remotely controlied.

RECONDING

Untul shart width : 120 mm

Visible longih of ehart © 100 mm

Longth of ohart relt . 28 m (1 month's recording at 30 mm/h)

Printing . Continuous curve on SP model,series of dets on MP model

Chort poath 19, 0 and 60 mm/h., by change of pinien. Remote control
wveliable.

FOWER DUPPL Y L 110-1270r 260V $10°% 80 M2,
Meseuring bridges are powered by voituge 9uros stebiliesd with
Zener diodes.

Conmmption - 9P ingtrument : 30 VA
WP instrument : O VA

Conmastions . At rear of instrument, by terminais. (Plug-in cennestors it rogwi-
red).

] . 193 x 190 x §33 mm (terminel output)
193 x 190 x 546 mm (connestors).

Colowr . Greoy

Weight c 22 ng



CONTROL FUNCTIONS

Micro-contacts and additional slidewires can be
asdded to the MINIPONT for operating controls,
slarms, signsis and electrical remote transmission
systems. But these elements are not mounted in
an isoleted fashion; they are grouped on plugin
control function units. These control modules
have a bushing, integral with the measuring shaft,
on which are mounted the slidewire cursors and
the cams for operating the contacts The corres-
ponding wiring is always provided, to that a
control unit may be added to the MINIPONT
without any modification to the latter. This degree
of stenderdisation does not, however diminish
the flexibility of the instrument; the control unit
1s not designed specifically for a certain function,
and the distribution and uss of contacts over one
or ssversl points of messurement may be seiected
as desired. The control unit may contain up to 2
slidewires or 7 contects. A detailed description
will be found in the leaflet NAC 102 L.

OTHER MINIPONT INSTRUMENTS

PE A MINIPONT RECORDER
ECIAL MEASUREMENTS

In the type A MINIPONT, more than 10 000 of which are alresdy in . (¢1 N
srvics, the valve-type electronic system has been retained, to enable .
the imstrument to be adepted for certain special applications. vy
The type A MINIPONT, which thus complements the type D, and ' .
hes the same format, is now reserved for measurements of particular : "W
types . pH and oxydo-reduction potentials involving a very high R
source resistance, electrolytic conductivity inessurements requiring : ;
the uee of a<c powered bridges, measurement of temperature of alter- ;
nator rotors by the Kelvin bridge method. S
A special “‘Marine” version of the type A MINIPONT may siso be R
provided; in this model, the mechanical slements have been specially
ftrongthened 50 88 10 answer the requirements of the French Navy in
the matter of resistence to shock.

Ags the metrologicel characteristics of this instrument are lergely
dapendent on the application for which it is required, it is advissble
to coneuit us sbout each specific cess.

ROUND DIAL MINIPONT INDICATOR

if no recording of the meesured variable is required, the MINIPONT
eon be supplied in a single-point indicator version, with a round disl
(greduated circumference 378 mm). The pointer is integral with the
mossuring shaft.

By mears of external switching boxes (ses bulietin T 11) the indicetor
oan be linked to any one of a certein number of detectors.

Like the recorder, the indicator may be equipped with optionsl devices
for operating alarm, signal or control systems.

E Raser0ss000

“Ecl 123 SOULEVARD DE QRENELLE (78) PARIS 18°  Téiéphone : 306-90-00 308-27-00

‘“l“. MNONYyMe su 0"““ ““mm“'m. ‘elegramme MEC L0 o\ Hoo ik

~ 70543



OPTIONS

aert from the control function sssemblies (see page 4) the Type D MINIPONT can, on request and et sdditional cont,
Aglude 8 0ertain number of additions of aiternatives. The principsl options are indiceted below.

$inoe It is not always possible 10 sqUIp a single instrument with several options, the customer should coneult our branch

offion.

Optionat function or device

Cbservetions

"Messurement’ ' failsste - measurement pointer driven 0 one end
of scele in event of breek in measuring circuit.

“Intringic safety’’ festure, for measuring circuit.
Two messuring rangss, choice by manuasl selector switch.
Two messuring ranges, automatic selection.

A fifth commutator, for external synchronisation or for connec-
ting screen of sach messuring line when detectors are energised

with respect to ground.

inversion of bridge.

2.5 sss. switching wpeed.

nual of remote control.

Foliding stri chart
2 module version

Preumatic transmitier incorporated.

Plug-in connectorn.

Slack cese.

Special, "“Series 08" door.
Chart lighting.

2. 3, & point recording (terminals bridged, print wheel changed).

lectricel speed change (multiplies basic wpeed by 10 or 80). M-

Includsd on request - all millivoltmeters and

pyromater-potentiomaeters.

Multi-point recorders.

Multi-point recorders.

Multi-point racorders.

Multi-point recorders.

» Requires use of plug-in connectors.

Obligatory, for instruments with pneumatic
transmission, or two-module versions.

—

MOUNTING DQNIQOIONI

electromechenical | 387
{mctronic 380

Version Al
St

by termingl 800 | 533

Output by connector 813 | 548

400

»3

2-moduie
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FOR THE OPTIMUM IN GAS PURIFICATION, PRODUCT RECOVERY
AND CONTROL OF ATMOSPHERIC POLLUTION BY WET SCRUBBING

‘H

SELVING INDUSTRY




ence

SWEMCO has avallable the accumulated experience of over 30 years of designing and

manufactuing WET SCRUBBERS. SWEMCO WET SCRU.IEI!' offer optimum off- '
ciency; the eutcome of many yesrs of research, pilot plant study, engineering and

proved experience. Proved. and even still improved,

methods wet scrubbing are available to you that

sllow SWEMCO WET S('RUIIERS to deal effectively

with virtually any Gas Cleaning problem.
SWEMCO serves industry in such diversi-
fied flelds as atomic energy . . . iron and
steel . . . chemical and petrochemical . . .
petroleum . . . pulp and paper . . . fertilizer
.« « Mining . . . building . . . non ferrous
metals and transport.

SWEMCO
HWEC Scrubibers

COMBINE EFFICIENCY
AND ECONOMY

. P A, 2 VI, T di

- ‘w&( . . .ym & v
-t K ‘.;‘ M A (B s . .‘
Eoev Y we g

proved by success

SWEMCO WET SCRUBBERS incorporate the im-

and up-to-dete design of the contact device
contained in the original Harmon patents and known
s the muiti-jet impingement baffe plate. SWEMCO
impingement baffle pletes are of simpler design and
manufacture, resuiting in a lighter yet stronger plate,
3 more accuraste yet less expensive essential item of
planc,

The plste consists essentially of 3 perforated plate
and a baffie grid aseembly. The two sections are fitted
together such that an individusi beffle is mounted
directly over each perforstion at the point of maximum
velocity.

OPERATING PRINCIPLES forstion. The actions of impact and sudden change in
Flows of liquor and gas are countercurrent. Liquor direction form the basis for the improved efficiencies
supplied to the impingement bafe plate ensures that of this direct contact device.

the upper surface is completely submerged. The g in Each unit is individually . The type and
pessing up through the perforated sheet is subdivided number of impingement baffle depend on the
into many thoussnds of jets. These jets impinge ot high application and desired performance. Units have been
velocity on the wetted located sbove each per- innalied containing from | to 12 plete stages.

SIMPLE YET EFFECTIVE

SWEMCEe LImITYTED



I VENTOR PLATE

GET MAXIMUM WORK
"ROM MINIMUM ENERGY'

With the addition of the patented
VENTOR plate to our range, SWEMCO
HIGH EFFICIENCY SCRUBBERS result
in  optimum performance; maximum
return for pressure drop. The VENTOR
plate alone allows us to tackle *'sticky"
substances and “difficult-to-wet’' particles.
In conjunction with impingement bafie
plates, sub-micron dusts or fumes are
effectively removed.

THE VENTOR PLATE

The VENTOR plate is fitted on a
dumr m, similar to the impingement
ba ate, horizontally in the tower.
The plate consists of a series of rows
of rectangular slots having a chimney
situated over the siots. The throat of
each slot is specially rounded. and a
bafMe is located within each chimney.

OPERATING PRINCI™LES

Liquid is passed across the plate, and a series of low pressure
nozzies inject atomised liquid directly into the throat of each siot.
The gas can onl‘ pass through the '‘rounded siots’’, where it 13
accelerated to a high velocity and impinges upon the liquid stream. The gas decelerates in passing up through the
- ‘chimney and on meeting the bafMe, further acceleration and impaction is obtained giving effective agglomeration.

The actions performed above require energy, which is expended in terms of pressure drop. The VENTOR
can be designed or adjusted to give any desired result, due to the accepted relationship between gas cleaning
performance, particle size and pressure drop. The VENTOR reduces power consumption to a minimum.

TYPICAL 'VENTOR' PLATE

1

SECTION THRO' 'VENTOR' ~

PERFORMANCE CHARACTERISTICS OF
SWEMCO MIGH EFFICIENCY GAS SCRUBBERS

Combination of VENTOR and impingement baffie
plates can give virtually 100" gas cleaning
efciency. VENTOR for agglomeration, imping-
ment plates for removal—in a single tower.
A single impingement bafie plate removes over
97°. of all dust over 2 microns in size at pressure
drop of 14" w.g. Plates having different size
to orations and velocities available.

Ow water consumption of 1-3 g.p.m per 1000
c.f.m. Low liquor pressures. Recirculated liquors
do not impair efficiency. Slurries with up to 65"
solids have been handied.

Possible to clean, cool and absorb gases separately
or in one operstion in the same unit. High rates
of heat and mass transfer obeained.
Asingle impingement bafie plate can be compared
to up to 6 feet of standard pockm"‘cn cooling and
many abserption and stripping jobs.

COMPACT VYE&T

INGLAND

Flexibility : Wide variation in flow possible. Able
to interchange all plates. Pressure drop simply
adjusted to any desired figure; same size tower
whether p.d. of 35" w.g. or 3.5 w g.
Unit compact due to high allowable tower velo-
city and optimum tray spacing. Simple liquid
distribution, ensured intimate gas/liquid contact ;
no channelling possible.

ficient anti-entrainment device

ligible droplet carry-over.

c:!n‘tility: Most known corrosive gases and
liquids handied: temperature is no problem.
Plates simply fitted and removed; can usually
be instalied in existing tower. No moving parts
and low maintenance.
SWEMCO WET SCRUBBERS protect proceed-
ing equipment, and reduce ancillary plant items
to a minimum,

to ensure

COMPLETE



TYPIGAL APPLIGATIONS
GAS PURINCATION

SO, from ore roasters, Cl, from electrolytic
cells, blast furnace gos, CO, from boiler five gas,
synthesis gas from the cracking of oil and gas for
Petrechemical processes; atmospheric air for come
pression; suiphuretted compounds from natursl
and refinery gmes; removal of dust, tar, mist,
resins and fume from precess gas: cooling and
cleaning of process gases from metallurgical
furnaces.

*ROBDUCY RICOVERY

Iron oxide frem oxygen-isnced furnaces and
sinter machines; xid fume from many types of
plant; stripping geses from liquors; limestone
from kilns; meny products in the exhausts from
fluidised, spray and rotary driers; vapour con-
densstion and seluble gas absorption; hest and
products from black liquer furnaces; concentration
and sbsorption of scid gases from various processes.

CONTROL OF ATHOSPHERIC POLLUTION

Many of the sheve fall into this section. Acid
fumes frem caiciners, concentrators, resctors and
furnaces, obnexiovs gases such as H,5, HCN, HF, Fi,
Cl,. HCL, 1, NH,, $¥,,NO,, $O,,nd 3O, As, P,0,,
metaliic fumes and radicectivity, odour contrel,
fiy assh from bellers and incineraters, fumes and

dust from pickiing, minersl refining, foundry
processes, electrical and reverbersting furnaces.

m;hus‘ Stosl lvmnu. lnnn [ ]
uct Rocovery Plant

ENGINEERING & CORTRACTING
$ E R v I ¢ €&

Consuit SWEMEO on your Gas Scrubdb pnbhm. wm.uumm of
S5 Sagegrs o e fou Jour parictar previam, Pies phsk esbibes

4 OLD PARK LANE, LONDON, Wi

Telaphone: (01)-499 0046
Volox Ne: 1IN



ANNEX . F

THE ALMADEN-CENIM PROCESS FOR THE

TREATMENT OF MERCURY STUPPS







Introduction

In all mercury recovery plants that treat the cinnabar
though pirometallurgical methods, stupps are produced. The rea '
son for the formation of stupps is based, in that during the con
densation process, a part of the mercury droplets are coated -

with dust and oily matters, which impede their coalescing.

For the recuperation of the mercury contained in the
stupps several processes have been proposed, but the most wide
ly used system is the hoeing of the stupps after mixing with uns
laksd lime. 1f only water were present in the stupps, mixing with
lims would be enough to the coalescing of all mercury droplets,
but as normally solids and fats are also included, the only drop-
lets which may be able to coalesce are those of biggest sizes,
therefore, a residue is left, and as such residue has a high con
tent of mercury, it is necessary to recycle it to the kiln with

ths following inconvsniences.

a) Toxicity

Each time that hoeing of the stupps takes place there is a strong
smission of water vapor, that contains a great amount of mer
cury, which produces an environment content of mercury high

er than the maximum admissible concentrations of 0.1 mg/cu. m.

b) Recycling

As the volume of recycled mercury is about the same as that
one produced, it is compulsory to give back to the kiln the
produced stupps. Such procedure causes great unbalanced ope

rating conditions and strong losses.
-CEN rocess

The above inconveniences have encouraged the investiga
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(1)

tions of a new process for the handling of stupps. The process

has been developed. jointly by the National Center of Metallurgi-
cal Iavestigations (CENIM) at Madrid and by the Almadea mercu-
ry plant at Almaden (8pain). (1)

The investigation aimed at the obtailameas. of the fol-
lewing objectives:

a) Possibility of process autemation

b) Vaportight operation

c) Residues %@ be disposed of should bear ne mercury

d) Any residue with mercury ceantent (if any) must be in enough -
small amounts allowing its treatment in an suxiliary furnace of

very small sise.

The process is baeed on the action of caustic reagents
at about 1002 C on the stupps, with the consequent hydrelisis of
the oily film and the cleaning of the dust which coats the mercury
droplets.

The process is schematically shown in diagram appeg

It has been found that the stupps comtain a part of mey

cury in omidised form, and in this process remaine in solution.

Therefore, after treatment of the stuppe by the Almy
den-Cenim process it is ebtained:

a) Metallic mercury in liquid form, which is easily eiphoned out
of the reactor.

b) A solution where all mercury contained into the stupps in the
form of exides or sulphates is found.

Such procese is covered by patents. Therefore omly ite general li-
nes can be disclosed in the present description
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c) The solid particles, that due to their very fine size are not re

tained by the cyclones, remain in suspension in the solution

In order to illustrate the possibilities of application or
the Almadén-Cenim process to the case of Turkey, some peneral
considerations are made below, taking by way of an example the
case of Konya. It is important to emphasize that to determine the
final possibilities of application of the process to the Konya or Hali
kdy plants it is compulsory to perform therough testing at laborato
ry and pilot plant scale with samples of their stupps, in order to

ascertain the suitability of the process to such plants.

3. Metpllurgical plant of Konya
3.1. Treatment of the stupps with lime

3.1. 1. Materials balance and condensing efficiency

According to the calculations made in Section IV of -
this Report, paragr'aphc 3.1 and 3.2.2., the most significant
fact is that during 1971, some 54 tons of mercury have been
recycled at Konya, and that if such procedure could be discon

tinued, condensing efficiency would be increased in about 4%.

Therefore, the most important conclusion drawn from
the above calculations is that recycling of the stupps should be

discontinued.

Of course, such stupps must be treated in an auxilia-
ry furnace in order not to shorten the mercury production al-
most to  half. The treatment might be made in a retort of -
about | ton/day capacity.

3.2. Treatment of stupps by the Almadén-Cenim process

If the treatment of stupps would be performed at Ko-
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nya by this process instead of using the lime method, the eifi-
ciencies to be obtained are calculated in an approximate tform

below.

We assume that the efficiencies to be obtained would
be similar to those of Almadén, as the characteristics of the Ko-

nya ores do not show unfavorable factors.

According to the aforementioned data, the stupps, dis

regarding the accompanying water, would contain:

Mercury 141,87 x 0.939 = 133,22 tons

Dust (already calculated) 36. 00 tons

By the Almadén-Cenim process, the 94% of the mercu
ry contained into the stupps is recovered and is ready to be bot-
tled, and remaining 6% stays in the residue (this 6%, corres-
ponds to a 5% of the oxidized mercury during condensing, and 1%

to the very tiny droplein which do not coalesce).

Then,
Mercury to be bottled 133.22 x 0.94 = 125. 23 tons
Mercury into residue 133.22 x 0.06 = 8. 00 tons

If the residual pulp from the treatment is supposse

to have 20% humidity, its composition would be:

Mercury Content 8 tons
Solids 36 tons
Water (20% of 36 tons) __1.2 tons

51.2 tons

The above figure indicates, that now only 171 kg/day
should be treated in a retort. If 4 operations are performed by
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day the needed capacity of the retort is only for 43 kg with --

15. 6% mercury. Its dimensions are so small, that design pro- '

blems and investment would be negligible,
Cenclusiony
From the above it can be concluded:

a) The recycling of mercury as a residue of the mercury hoeing
method, carries along with mercury losses of about 4%.

b) To avoid recycling it is necessary to distillate the mercury into
an independent retort. In the case of lime use the capacity of the
retort should be | ton/day. This volume is excessive taking into
account that the heating must be indirect,

¢) With the Almadén-Cenim process the amount of residue to be
treated is reduced to 170 kg/day.

d) The higher expenses of the Almadén-Cenim process are fully
compensated by the r;much lower expenses of the retort proces-
sing of the residue. These advantages are shownin Table F-|

appended.
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ANNEX - G

ANALYSIS OF STOPPAGES







1. General

In this annex an analysis of the stoppages of the me-

tallurgical plants of Konya and Halikdy is included.

Stoppages have been classified at Konya according to

their origin, i.e., metallurgical stoppages, (slag formation, de-

fective feeding of the kiln, etc.), mechanical stoppages (caused by

breakdowns or failure in facilities of the plant), stoppages by re-

pairs or maintenance (refractory relining, etc.), stoppages by mo
tives foreign to the plant (power failure, lack of ore, etc), and

miscellaneous stoppages (stoppages whose motives are not speci-
fied in the plant's records).

At Halikdy, where other record systems exist, it has
not been possible to follow the above clasification, and another pat

tern of analysis has been adopted.

Stoppages duration are given in hours and where possi
ble have been attributed separately to each one of the two kilns -

existing at Konya and Halikdy plants (Units I and I1).

2. Stoppeges at Konya Plant
e.1. Year 197)

2.1.1. stallurgical sto es
Unit [ % Unit II %
Slag formation 120 65 126 86
Scrubbers cleaning - - 2 1
Defecti ve feeding of
the kiln _63 _35 17.5 13
183 h 100 145.5 h 100
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2.4.2. Roppeges foreing to the plant
Unit] % Iaitll] %

3.4.3.

2.4.4.

Lack of ore 142 79
Sticky ore 3,90 |
Frosen ore 16, 50 ]
Change of ore stock 17,0  J
Smwialls 1,0 0,5
Lack of electric power 40 _3°5
14h 100
Heapasee by mechanical breakdowns
Unit] %
Calcines vibrating feeder 51,8 18
Calcines track 82,0 as
Conveyor belts 18,0 6
Crushers 60 2
Burner ) 7, % 25
Electrical moters 6,0 r
Alr compressor 11,0 3
Calcines bin 102,58 38
Fuel-oil tanks L 093
206,0 % 100
Sieamasss by repsire and maintensnce
Unit] B
Refractery relining or
repair 120 100
1200h 100

312

131, %0
4
|

18

15

1“.’0“

10, %0
12,9
63,0

170 &

79

2
0,5
9

14

25,8
0,8
50
2,0
6,0
7.0

28,0

B b




2.1.5. Miscellaneous
Unit | %  Unit 11 %

- - 2.208 100
- - 2.208(1) 100 '
2.1, 6. Summary.
Unit 1] % _ Unit 11 %
Metallurgical stoppages 183 24 145. 5 4
Stoppages foreign to the plant 184 24 156. 5 5
B reakdowns 286 37 170. 0 5
Repairs and maintenance 120 15 588. 0 18
Miscellaneous - _ - 2,208 0 68

773 h 100 3,268 h 100

2.2. Year 1972 (January, February, March)

Hours L
Metallurgical stoppages 53.0 23. 4
Stoppages foreign to the plant 61.0 27.0
Breakdowns ' 112. 5 49. 6
Repairs and maintenance - -
Miscellaneous —_— -

226. 5 100

3. Stoppages at Halikdy plant
3.1, Year 1971

Table G-1 annexed shows the different stoppages pro

duced at the plant during 1971 and their reported causes.

) 3.2. Year 1972

Table G-2, shows the different stoppages produced
during the months of January, February and March 1972

(1) January, October and November 1971
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For February and March only total hours tfor stop-
pages are available without possible discrimination between Units

1 and II.
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ANNEX - H

REFRACTORIES







ificat f pr tly used refractories and recommen n

Both Konya and Halikoy plants use the following re

fractories, located.according to the diagram below:

o5m - 0.5 T
R

A Y e A

Their specifications are included in Table H-1.

The refractories used by us for the roasting of ve-
ry abrasive ores, and which have shownlives above two and half

years have the following specification. (see Table H-2).

The above refractory, has been also used with very
goeod results for the roasting of very abrasive ore, of the breccia

type at the metallurgical plant of Cordero Mine, Nevada (U.S. A ).
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Introductiop

In all concentration mills, in most loading or unloa-
ding installations and in many processing plants the control depart
ment has the problem of estimating the average quality of a batch
of ore produced, loaded, unloaded or fed during a given length of
time. The estimation of this average quality (content in element
A, B, etc., sizing analysis, moisture content and so forth) is -
usually carried out by cutting increments of the ore to be analy-
sed at regular intervals, either by hand or by a mechanical devi-

ce.

S8ampling is performed at a point where the ore transg
port circuit is broken, the sampling scoop travelling through the
stream of ore and moving along a surface which we shall call the
sampling surface. The successive incremants are usually collected
together in the same container and the bulk sample thus obtained
is further sampled in several stages until the weight of the analy-
sis sample is attained. The secondary sainpling operations are ma
de either on a continuous stream (automatically) or on the batch
sample (by hand), according to the weight of the gample at each
stage of reduction. The sampling stages generally alternate with

the comminution stages.

The result of the analysis is an estimate of the un-
known actual content of the batch being sampled. The purpose of

this study is to recognize, and estimate, whenever possible, the

cumulative errors which together constitute the total sampling error.

Sampling Errors

In the determination of the grade of an ore, different

223




operations are performed which originats several errore that in-
fluence in the final result obtained.

Sampling may be classified into: /

- Primary sampling
- Secondary sampling

Primary sampling is that psrformed on the feed-ore
and before any modification in its structure takee place.

Sscondary sampling includss all operations performed
in order to prepare the laboratory sample.

Although, strictly speaking, the secondary sampling
also covers the selection by the chemist of the portion for analy-
sis from the laboratory sample, this final sampling stage is usual
ly considered as part of the analysis and its variancs ie part of
the analyeis variance, since this latter is calculated by msans of
rssults obtained on different analysis samples taken from the sa-
me laboratory sample for practical purposes, therefore, the se-
condary sampling may be considered to be complets with ths prg‘
paration of the laboratery sample usually a few hundred grams.

~ Both primary and secondary sampling induce ssveral
srrors which may be classified as:

1) Dissontinyity errer that depends on the amoumt of ssmpis taken
and is independent of how the sampls has been takea.

2) Grouping error, due to the uneven distribution of the orss and
to the grouping of sampled particles.

3) Oparating errox, which depends on the way . .- the sample is

taken,
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It is difficult to deternune '""a priori which s the
weight of each one of the above errors on the total sampiing -

error.

Errors in primary sampling

The primary sampling error is the consequence o!
the difference existing between the ''actual’' and the "ideal’ prima
ry sample. This error is essentially dependent on the wav the pri
mary sample has been cut and its study consists of a critical exa
mination of the sampling machinery. Such study is merelv outlined

here.

Depending upon the type of sampler the cutter consists

of:

- Type 1. a rectangular opening moving in a horizontal plane, the
direction of the movement being perpendicular to the horizontal

projection of the stream of ore;

- Type 2: a rectangular opening moving in a horizontal plane, the
direction of the movement being parallel with the horizontal pro

jection of the stream of ore;

- Type 3: a circular sector opening, revolving about a vertical or

oblique axis;
- Type 4. a series of riffle splitters or any cascading device;
- Type 5: a revolving shutter, or
- Type 6: any container moved by hand

We shall consider only types 1 and 2 samplers as type
1 is the one existing at Konya, and type 2 at Halikdy.
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- Type | and 2 samplers can be considered fres from bias, what

ever ths distribution of the sizse and density fractions over the '

section of the stream, when the following conditions are satis-

fied:

Ci.

Ca.

Cs.

the cutter speed isconstant during the crossing of the mineral

stream and is the same for all parts of the cutter;

the cutter is driven completely out of the stream on each side

of it;

the opening is wide enough not to have a selective eifect on
the largest particles (at least three and preferably four times

their diameter with a limited number of exceptions);

the head of the ore fall is as low as possible in order to pre
vent the fines from flying (when the ore is dry) and the large
particle from bouncing; the tendency to bounce is aggravated

at high particle speeds;
the scoop is designed to prevent any overflow;
The cutter is free from clogging

the cutter speed is not so high as to allow racket-stroke ef-

fect; and
the cutter edges are sharp

Whenever one of these conditions is not fulfilled, a

bias is likely to occur, the magnitude of which cannot be predicted.

When the opening of the cutter is determined according

to condition C3 above, and the speed of the cutter is regulated ag

cording to condition Cq, discontinuity error dissappears or at least

is greatly disminished. Grouping and operating srrors are also di-
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6.

minished if conditions C) to Cg are respected.

Errors in secondary sampling

These errors are the same ocurring in primary sam
pling but here each time a mass reduction and a grinding of the
ore take place such errors appear at each reduction stage. There
fore it is necessary in order to reduce them to pay maximum at-
tention to secondary sampling, avoiding fine ore losses and sample
contamination. Samples must be carefully homogeneized, especially

when taking the part of the sample to be sent to the laboratory

Analysis Error

The analysis error may be determinated by replicate

analysis of the same laboratory sample.

The variance thus calculated is valid only for speci-

fied condition, i.e. ore, element, method, chemist.

If V is the variance of a given analysis, and if & -
mean content is calculated from n results, obtained either from
the same or from different laboratory samples, the analysis va-

riance occurring is:

A/

VTrn

The laboratory in each plant should know the varian

ce V attached to each analytical methed.

Influence on the total error

The influence on the total error of each one of the

above considered errors is, on average, as follows:
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- Primary sampling errors are about 10% of the total

- Secondary " " " " 60% v
- Analysis errors " " 0% "o on
7. terval eptimati nce li

The object of thie paragraph is to study the confiden
ce interval given by the number of sampling analysis performed

during our teste at Konya and Halikoy, i.e. to assess:

a) Limits of errore in ore grade resulting from the number of
analysis made during the tests.

b) Minimum number of analysis that should have been made du-
ring these days in order to get a 4§ 10% limit of error.

c¢) Recommended procedure for the determination of the proper

number of analysis to be made in the future in both plants.

In the following, mathematical derivation of the formu
las has been omitted ae only elementary statistical methods have

been used.

7. 1. imite of errors
7.1. 1. Keays

For a probability coefficient of 0. 95, the error inter

vals have oscillated, according to the days investigated from
3 15% t0 4 8. 3%

The largest limit of error corresponded to the 24
April and the lewest to the 21 April.

According to the probability coefficient of 0. 95, we hy
ve for the 24 April:




The value of t in tables (1) is t = 2. 086, then the

confidence interval is:
P (o. 2084 £ © eo.zm) = 0.95
‘/}

namely, the true value of the average rmercury grade of the
ore, was included, with a 95% probability between 0. 2084 and
0.2818. As the calculated mean for this day was 0.2451, the

limit of error was § 15%.

Similarly for 2lst. April:

-t L Vbl 25208204, .\ [or00kh
P[o.““ “ﬁv u_i €0%y, nygY e | =098

t = 2.074, then
P (o. 86 O<o 3054) = 0.95
The limit of error in this case was i 8.3%.
7. 1.8. Halikby
Using same procedure, we have found:

- Largest limit of error { 20.9%
(Analysis made from the 12-18 shift of 7 May to 6-12 shift of
8 May)

- Lowest limit of error: i 14.4%
(Analysis made from the 12-18 shift of 6 May to the 6-12
of 7 May).

7.2. Minimum number of analysis to be performed

For a normal distribution and a sufficiently large size

of the sampled population the size of the sample is derived -

from

(1) '"t" Tables of ''Students" distribution
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- -

fPa—

7.

2.

1.

1.96% g%
de

where:

n= size of the sample
§2 = populational quasi-variance

d = accepted limit of error

Konya

In this case, we have for the upper limit of error the
day 24/1V/72, where

s - 0.0062 (estimated though the sampling variance of the day)
d=0.1x 0.2451 (10 per cent of the sampling average of the
day)

1. 96% x 0.0062

then, n =
0.02451%

: 40 analysis

7.2.2. Halikoy

7.

3.

For Halikdy the period with an upper limit of error
was that one from the 12-18 shift of 7/V/72 to the 6-12 shift
of 8/V/12, where

sz = 0.0117 (estimated through the sampling variance of the pe

riod).
d=0.1x 0. 2844 (10 per cent of the sampling average of the
period).

. 1.962 x 0.0117

= 56 analysis
0. 028442

en egur

The above results clearly show that the number of
analysis must be increased both at Konya and Halikdy, up to
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a daily minimum of 40 and 56 respectively. With such a sam
ple size, the limit of error would be below 10% for & probabi

lity coefficient of 0.95 during the days of the tests.

Now, it is very important to realize that if in the fu
ture, what is probable, the variance gets higher limits than
those above corresponding tc the days of the tests, 56 and 40

analysis might be insufficient.

Therefore, it is advisable to calculate every day the
true limit of error that the selected number of analysis (56 for
Halikéy and 40 for Konya) may introduce in the true mean of

the day.

For this, and using the formula

1,962 g2
de

we shall have for Halikdy.

n = 56
s - sampling variance of the day
2 g
then, a2 = l;%%rfl_ d=4026198

The percent of error will be:

d x 100
x

Where x is the mean of the day.
Similarly, for Konya,

n= 40
.3 = sampling variance of the day
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then,

2

2 1.9 S
¢ =%
d =4 03099 S

and the percent of error:

4 x 100
x

Where x is the mean of the day

Infiuence of sampling errors in the calculated efficiencies

The above paragraphe clearly show the paramount

importance that eampling procedures have into the calculation of

a representative value of the average grade of the ore, and con

sequently in obtaining a repreeentative calculated efficiency.

As an example, and with the 22 anslyeis performed

on the ore, the 21st April, at Konya, we have, assuming that for
the 20th April the calculated mean of 0.262% were the true mean
of the day, (See table IV-1 of Section IV), the fellowing possibilj

ties:

s) Rax

20-1V

21-1v

b) _Day
20-1V

21-1v

S He

0. 262
0.282

32 Hg
0.262

0.2586(1)

Qre, tons

52.9%
137. 8

Qre, tong
2.5

137.8

(1) Loweet limit of ~-- "~
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Hx (content) Hg (flasked)

137. 88
387.75% 343

Ha (content) Hg ({lasked)
137. 88

388. 57 345




c) Ray A Hg Qre, tons Hg (content) Hsg (fiasked)
20-1V 0. 262 53.5 137. 58

al-1v 0. 3054(2) 137. 8 420.0 345

(3) Upper limit of grade

Therefore the range of possible metallurgical efficiep
cies that day have been:

a) Effc - 345 - _345 -

65. 7
137. 55 4 387,75 525. 3 %
345 345
b) Eff = = - 69. 97
) 137, 88 4 355 57 493, 12 ’
c) Eff = 345 . 345 . 61.9%
137. 55 + 420.0 587 55

The above calculatione are self explanatory.
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Vi 1. SUMMARY OF RECOMMENDATIONS

The recommendation included in Section Il of this

Report could be summarized as follows:

a) Konya

The Konya plant is properly designed from a metallurgical
standpoint but its layout makes difficult a proper process

control.

Maximum interest should be paid in getting a regular feeding

of the kilns, avoiding stoppages and getting good calcined ore.

Feed ore control is of paramount importance, together with

the control of other variables of the metallurgical process.

A continuous and total attention from the part of the techni
cal personnel to the above objectives will stimulate the atti
tude of labor in charge of the severzl services of the me-

tallurgical plant.' and will result in tetter process efficiency.

Great improvement in mining operations is necessary in or-

der to get a regular supply of ore to the plant.

b) Halikpy

The Halikdy metallurgical plant needs a total reconversion
of ite present product facilities in order to achieve comple-

te satisfactory working results.

A present situation of the mercury market does not advise
high investments into new production facilities, the recom-
mendations included in this Report should be adopted with
the criteria to improve the present efficiency of the Halikdy

plant with minimum investments,
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Improvement of mining operations should be considered in
order to prepare the Halikdy orebody for future expansions
of the Metallurgical Plant.
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