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o1 Cement is a crystalline compound of calcium silicates and other calcium

‘f’;PU"‘ compounds having hydraullc proper'nes" (Macfadyen, 2006).
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Cements are considered hydraulic because of their ability to set and

harden under or with excess water through the hydration of the cement’s
chemical compounds or minerals.
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0 Romans are commonly given the credit for the development of
hydraulic cement, the most significant incorporation of the Roman’s
was the use of pozzolan-lime cement by mixing volcanic ash with
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1. Pozzolan cement
o<~ w< Called Roman. It is made by mixing voleanic ash with lime.
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2. Portland cement - - p= B A
Artificial cement. Made by the mixing clinker with gypsum.
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3. Masonry cements
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4. High Alumina cement (Calcium Aluminate Cement)
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Is obtained by melting mixture of bauxite and lime and grinding
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5. Special or corrosion resistance cement : oL
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Used for fabrication and corrosion  proof linings for chemical

equipment such as brick-lined reactors, storage tanks, absorption towers.
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Prevents shrinking and cracking upon setting. Combining 10 to 20%
S'Zae> < calcium sulfoaluminate ( from bauxite, gypsum and limestone) with
S *{i' portland cement.
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0 Clinker consisting essentially of hydraulic calcium eI o Cataalifhe

silicates, usually containing one or more of the forms 2 ;i su. qypsum

of calcium sulfate as an addi‘riwées ; B Slwpt
= » sl cla '-_ s 92V
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Formula Name Abbreviation

2 Ca0.5i0, Dicalcium Silicate C,S

3Ca0.Sio, Tricalcium Silicate C.S

3Ca0.Al,0, Tricalcium Aluminate GA

4Ca0.Al,0;  Fe,04 Tetracalcium Aluminofe rri’;g C,AF
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Types of Portland Cement
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1. Ordinary Portland Cement (OPC) . — u5 o oo s

Is the most widely used type of cement which is suitable for all general

concrete construction. - z,L.p—up uv

R
ps Qrad, At

o1 Other types of this cement White ( contains less or no ferric oxide or

manganese, the substances that give conventional cement its gray color).
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Types of Portland Cement
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2. Moderate —=heat- of hydrating and sulfate resisting Portland cement

used where moderate heat of hydration is required, or for concrete
construction exposed to moderate sulfate action.
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Types of Portland Cement
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ﬁﬁi?’ Quick setting cement (attains high strength in early days, it is used in
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Types of Portland Cement
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WES A

Prepared by maintaining the percentage of tricalcium aluminate below
6% by increasing the proportion of C,S. This makes the concrete to
produce low heat of hydration and thus is used in mass concrete
construction like gravity dams, as the low heat of hydration prevents the

cracking of concrete due to heat.
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Types of Portland Cement
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5. Sulphate Resisting Cement

used to reduce the risk of sulphate attack on concrete and thus is used in

A PR

construction of foundations where soil has high sulphate content. This
cement has lower content of C;A and higher content of C,AF. U@,ﬁp’y‘)

used in construction exposed to severe sulphate action by water and soil
in places like canals linings, culverts, retaining walls, siphons etc.
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Types of Portland Cement
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& vav a5 s 6. Air Entraining Cement

' ——1kli> 5o wu»> Air entraining cement is produced by adding air  entraining
e, 2 agents such as resins, glues, sodium salts of sulphates etc. A ;
¥z A during the grinding of clinker. AAS NE SO manto CIeD T <ME s[5
o : “JCJJ 2 —N\sla’ s Jﬂ) A ol Enfrq?n’fﬁg aqe Ak ar . J J«.N a3y 1P
This type of cement is especially suvited to improve the

workability with smaller water cement ratio and to improve
frost resistance of concrete.
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Abbreviations Used in Cement Indusiry
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SIO, =S SO; =S H,O =H
Al,O, = A Na,O = N
Fe,O, =F K,O =K

Ca,SiO, = 3Ca0.Si0, = C,$
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Raw Materials
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Clinker Formation and Compounds
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-1 Hard black or greenish black granular Bl oo, w8
masses that are from 3 to 20 mm in size. g o
ufl’j e }Jqf#’z‘fe.i Vo d;‘:__:j:? e

1 Clinker is pulverized and finely ground in tube ball mills, and "‘j_,,&_;,v pues & %
automatically packaged. opp.-n mis 162r ——vip) ek b3 &L plet e clnke r
21 During fine grinding, the following may be added:
o Gypsum, plaster, and calcium lignosulfonate

o Air-entraining, dispersing, and waterproofing agents
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Mining, Transporting and Crushing

f__,..-' PUPE % I

B o e S S Y S NS
o Limestone and clay.

- Limestone and clay are mined from the quarry by blasting
explosives.

- Transported from the mining area to the process plant.

- Fed into a primary hopper to the primary crusher (Jaw
Crusher).

- The crushed material pieces are discharged to the vibrating
screen.

- The muddy material particles are removed by the vibratory

screen action and is conveyed and rejected with the help of
belt conveyor.
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Mining, Transporting and Crushing
R e S e

- The belt conveyor conveys the mud free material to the Intermediate hopper.

-The material from the Intermediate hopper is fed into the belt conveyor and is
fed to the Secondary Crusher for further size reduction.

- The crushed material is discharged to the belt conveyor and the same is
conveyed to the loading bunker.

-A lot of dust particles are also produced while crushing and discharging
limestone.

- To prevent the dust pollution, bag filters are employed in the discharge points of the
Primary and Secondary crushers.
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Mining, Transporting and Crushing
N TSR T T e

- The collected dust particles are retrieved with the help of a compressed
air purging.

- Electronic sequential timer panel and solenoid valves are used for air
purging to be done in a sequential manner.
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Stacker and Reclaimer Pre-homogenisation
B

0 https://www.youtube.com/watchev=mzXB 7m1Ang

0 The property of the mined limestone may vary day by day so the
limestone is stocked in the stocker in a circular manner, layer by layer

every day.

0 Limestone from the unloading hopper is extracted and conveyed to the
stacker with the help of a vibrating feeder and belt conveyors.

o1 This material is dropped on the table feeder at the top of stacker and
then to the Boom conveyor.

01 The stacker and the boom conveyor are capable to move 360 degree.
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Raw Material Grinding and Storage

DG~ =~ e R T s e RN T it SR e N g S R - |
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o Material from the limestone and additive e @ "P"") "”’"”l ne J) ot aw
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hoppers are fed to respective weigh feeders . o). J];J;’r Gy E e mil

& 2>

which weigh and feed the material as per the

Pqp}?c"t S Ze JJ*
set ratio and quantity.

o Then fed to the raw mill inlet with the help of
belt conveyors.

: '

o Two types of Raw Mills are used foagrinding :

raw material (ball mill and vertical rollg; mill

o
(VRM)). f‘:l_
: - ; g C Toq J& i s
o1 The ball mill combines the drying, grinding and '="'t’ Ryl il it g ‘}j; *:’W x {rm
. . . . + r| Pl » alAr apre a ) [~
separation processes info |ust one unit. e Y 9%

. n..ai‘-]' v LL
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Raw Material Grinding and Storage
B e Rt ]

7 In VRM, raw material from the feed mouth fells into the center of
millstone, which moved to the edge of mill under the action of centrifugal
force and is ground by roller (coarse powder returns to be grinded until

reaching to qualified granularity).

0 Qualified fine powder comes out mill with airflow, and becomes products
after collection of dust collecting device.

1 VRM operates at a low noise level, therefore, outdoor installation is
feasible.
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Vertical Roller Mill (VRM)

Vertical roller mill
Grinding force =

Roller weight + (pressure) Force

;_Méterigl bed

e b - Roller rolls freely
Feed material

with table

able moves with drive
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Raw Material Grinding and Storage

01 The Ball mill consists of three chambers, one drying chambers and two
grinding chambers.

01 Hot gas vent out from Kiln is used in raw mill to drive out the moisture
present in the raw material.

01 The dried material is gradually transferred to the grinding chamber. In
the grinding chamber the material is grinded with the help of grinding
media balls.

01 The powdered Material is discharged and conveyed to the Air
Separator with the help of Air slides and bucket elevators.
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Raw Material Grinding and Storage

01 The Air Separator separates the powdered material into fine and coarse
particles.

0 The fine particles are conveyed to blending silos with the help of Air
slides and belt elevators.

-1 The coarse particles are again fed to the other end of the mill for further
grinding.

o1 An exhaust fan (vent fan) is used to control the material and hot gas flow
inside the mill.

0 A grit separator and a cyclone are employed in the suction line vent fan
to collect the dust particles.
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Ball Mill
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Ball Mill

S; ovil " ~o& x Comparative _
= = e [ > 33 mis 20m/s 1.3mis 5 ilz? oans N elbfl Mol s Y

peripheral
speed

').Bof-'_‘_; -L(:—:J UL.-E;'_, mfjh !
ﬁui%:’ — )l cirfjsqﬁ‘c} §& nt
£one /Jqfirde_u d.’u:‘ e

| &)
Fene j)quf(r’?' si2e glaS _ZAN =

Lo Y 13

-~ 1 15
3

I?ciria'(ff sige ) (yo T.-JJJ
. : - \ - tels))
i _

e 2 Wi
i l/g Sl Jforces gs v “'.-5

é‘.—f . Thé_r aw

mater:qls Y

5
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0 The collected dust is fed back to the process. The outlet gas of the vent

fan is fed fo electro static precipitator (ESP).
SutrPar eIy ol S seperobion &%
o1 The outlet gas from the fan contains large amount of fine particles of

raw material, Inside the ESP, electrodes of positive and negative
potentials are arranged by applying high voltage direct current.

01 The strong electrical fields in the ESP ionize the gas passing through it.

o1 The positive ionized particles are attracted and collected in the negative
ionized electrodes and the negative air is vented out to the atmosphere.

o1 The collected fine powder is retrieved with the help of rapping
mechanism and the same is fed to the process.
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Electro Static Precipitator
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After filling the powdered materials from raw mill to a certain level in the y*
J et
blendlng silos, this materials is blended for 2 to 3 hours with compressed air. air. ""Jf” \“;.,

After blending, the material sgmpra Jgollec’red and analyzed in the
— plo chan 23 1

laboratory. If the composition of the filled material is not appropriate, the

required quantity of corrected material is again filled to the blending silo

after changing the ratio to the raw mill.

Again the material is blended for 2 to 3 hours and the sample is analyses in
the laboratory.

After correcting the composition, the material is dropped to the

bottom part of the silo. The bottom part of the silo is called storage silo.
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e NSy | f;JS.

The material from the storage silo is extracted, and the same is fed to the o, 5 .75
AN ot \}P )

weighing hopper by using alr slides and bucket elevators. = L) o 3 B

The material flow to the weighing hopper is controlled with a variable speed
rotary feeder. =551 "“"/Zp E s L P KRB P e

3 Hnur‘nl-e Jls ___.-L.gru a Cankiol U duJ.. E:_:p-rf

If the set quantity of material is filled in the hopper, the rotary feeder stops
feeding. Rec/Ng I| chFP e =T 3 A ebt Lo gh Vimik D LuZ, G

-1 The balance material is fed to the overflow hopper and back to the process.

-1 The material from the weighing hopper is fed to the electronic weigh feeder

and the same is conveyed to the preheater

top with the help of air slides and belt bucket elevators or pneumatic pumps.
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Kiln

BT

: skab? W HY vl 45 17 o s

0 Long steel (a hollow cylinder ). ot et

™ ' . -V

S Llned with refradory brick (high-alumina and high-magnesia bricks) ~ d
 FES )
O Shghtly mclmed so that material fed in at the upper end travel slowly ~ e
U, — ) 12 ok f)

through to the lower firing end, taking from 1 to 3 hours. ... nQWL ) Sy sk
Jgé..' J Al ENE S ATRR Y ' =

‘—// Fgtiano ou 7 ';}
o Rotating at 60 to 200 rev/h (Y2 — 2 rpm) K B Ca .

..-m']‘_j—- lower (,-‘ﬁa JJ\J_FQ) - nd \'m.~|- ] PH’.I

0 Typically 2.5 — 6 m in diameter and 120 — 180 m long

e ——
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Reactions during Clinker Formation in Kiln

657 8259 e
o Evaporation of free water (endothermic): 100 °C = '
o1 Evolution of combined water from clay (endothermic): 500°C ”H'n_ . o

and above e S\ 35¢

o Calcination: 600 to 1100 °C — = ¢~
r"é‘a' — s o2 «pn Clay decomposes (600 °C)

clay 31 yphd (- L% g Limestone decomposes (700 °C) — CO, driven off,

i - 1, —» ¥ calcination of carbon dioxide (CO,) to form (CaO)
LRI ool k2> (endothermic)

1)1, i Limestone — Lime + Carbon Dioxide

sow _ 500 ——\lpz B This oxide reacts with silica, alumina and iron oxide to form
Jo 51 tyrbon 4 J- o initial compounds (1000 °C) (exothermic)

< - o -
> solid state

.‘/....A.J a, il“ a-s 3
( : ¥ = Clay (Silica & Alumina) + Lime Calcium Aluminate
kiln burning zone
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Reactions during Clinker Formation in Kiln

O Initial formation of C,S (1200 °C), formation of
calcium aluminates and Ferrites

O Formation of melt (flux compounds melt)(liquid
formation) (1350 °C) ( endothermic)
-1 Clinkering — charge temperature is 1400 to 1600°C:
Formation of C,;S — &<
11 Cooling: The discharge end of the Kiln is connected to
the Air cooler, rate of cooling significantly affects the
reactivity of the final cement.

o #lp W ~PL A L&
. |

s Wl Jusk 31 T b v S\ aub, Y Al O

} ,:,} ;'C"j'ﬁ“‘f’ ;.,ﬂ,)"ab. ®

Ul heq

Mw;él'pié;__(/ ,E';;/ifz*lrﬂ -__-___Jr
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Exit Gas from Kiln
R IR T T T T e R N

=

=3 ?cr#.(rf; c’q__ g I 3]
71 The Kiln is heated by pulverized coal which imparts the thermal energy
2 f SWRFLD Lp)) JUSL - pp— P 2D j20e G IF up) 2 WTTIn I
for this entire process. DA B Sl S i B Db anik
o1 Some part of the exit hot gas from the preheater is diverted back to the
O U oAher uanfks ,312_.- é,J'_I‘_}q e Ly
fﬂ',‘)p/ ‘-‘;l—fl "J_'-},._.v ols ¥ (g, .+ 7 mat- _.rll qu

Pl L

raw mill for drying the raw material.

01 The balance part of the hot gas is venting out to the atmosphere. . =2 7
,.-JJLLJF 5])_,&_11 8‘ CJJ,_H..LL-" r-"",,.:_;l'-—-"‘" | aJ»
0 This gas contains lot of fine material and has a temperature around

400°C.
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Exit Gas from Kiln = T

s ?Lrlﬁtr'j S P Vi A

f &
01 The Kiln is heated by pulverlzed coal which imparts the thermal energy

PP Lel) eIl - ypim LP 3 j20e 5, /f yP) 2
for this entire process. =P ;

=~ -

J))J'E,;?H_jrf+1 JJA—J r:ﬁ,ﬂ"‘ ~J
01 Some part of the exit hot gas from the preheater is diverted back to the

o e odher uniks Al 2> 9 ) I

raw mill for drying the raw material. - u G el ots w165 & et ) i
01 The balance part of the hot gas is venting out to the atmosphere. . <o 7
,-_;_Jl'n' s, B} ,2' e galat = L p— L,

1 This gas contains lot of fine material and has a temperature around

400°C.
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Clpker) .or 24];} EJJLH i, C_y—QJf Arﬂmf ?jlr‘f."m L Jd

r’ﬁd_",:.l,gj —_— P _{:Lu‘pa._,f“) o (Ss J-'f.!i.._,r CM .:j[;..‘i-- ESpP s C.jduf); 3o c‘l__.t L}u, cg.:'\-'j}' ‘“:'-_, '_"“'"A-'._J-:’L

_’,/-l fm!?@ al H&f Fﬂf(‘t’fq}fﬂﬂ i 2d 5, |)_2)J J_,_Q__;J - f‘;{)ﬁ" !.Jr-'u' e e D) &f >
Clinker Cooler

s after rotary Kip
[ 56 | —

1 The hot clinker from the Kiln is cooled with the help of atmospheric air in
h | ~PL2 Clfaker J & FPlew d Counter curent (& G 2 Shcam 2 ala; b 3\ e
the cooler. f"“fjf‘?"f“"; UR Pl PP LD SO BLE Bps P2 CliNREl i oy Lol o0 JWL

0 Inside the cooler, fixed and movable rows of plate with holes are

- - L 5 . 1 - . i ol r J'| I %
2 ) A Al GPYPUl 318, plates 8o 51,20 bLe w5 5 uPlpl o (ool ¥
arranged. e S N SRR ol
_,:;J_;_n als Jev sl Countel” Culrenk —Sb L2, b othetr end A

0 The movements :af the cooler plates are carried out by two variable
* fch eylien
speed DC drives.

PA L

—~

©1 The atmospheric air is blows( by a fan) through the holes of the cooler
plates, and cools the hot clinker accumulated over the plates.

S s g

TR e STl i gl LT R Jou YR QWL gt M

E;-"F.'"’L“")Pfa{f’ﬂ ) U'-GJ z_!‘i;f’f,u ‘;}*"L' o, \__5|"'°'L sk J’L:f 2F0AUE A Aup .-
I PV 0P e P u Bller bag 5 cyclens ’>S go'> Clinkes 21 e

: plates 3\
Iﬁ’pl o606 EJP é %)r}; faquy f‘r:}ﬂ A 0 E/.Ll‘.: \‘:ﬂin—r—’

Chnkel/ D) o Plrockiclt tse .Lp GV SR

".;I'adaf
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Clinker Cooler
I

0 The movements of the cooler plates pushes material to the discharge
end. ... odher end le2d0 2IAE LIZN 5 ol pu e a,LI,J{;J i g

2l o afll —
0 The cooled clinker is discharged to the Deep Bucket Conveyor (DBC)

after breaking (if big size is present) with the help of clinker breaker.

Z—J—Lﬂ Ipl, J_{' B S qu!'ffe siee N b ution u, U Ja J—‘LC ~ 5T ,,L,.H L Clinkef
c hnkeér s /__{, Ve brokel Ls u_...SUL' Pl §1 5 p’m‘e Y, ""Z‘L“ o U JISp ¢ B yexJl

(inder Larry NAE _so\s B = { cuS 2D
o1 The DBC conveyed the cooled clinker to the cllnf('er e e

stockpile,” 1
Sile d:l*‘-.: r"}rréﬁj \f

SJquaé’ rank 2!
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Clinker Cooler

n_
B e Yy

0 Part of the air, used to cool the clinker is used as secondary air for

. - - . - f/ IV s > C'rir}k{‘ ¢ %y P o NY
burning the coal inside the Kiln. SOl R S R IEEE NS LA 10

L pu.‘ueﬁ‘}e’d' -’ fobara kilp 5 22 H. o.L:',)_-,
=i l_,.b oldp; s ‘_,P&p uL.J'/ 1 _) g Jﬂ “I"—)g

s

- : Z‘g,. AT os Uc %
0 Another part of the air is used to dry coal in the coal mill. 2. S eFfaency s

i

—

N L T () FFp8) L % 4 L8 sl b Iy L&
Gl o bt 3 s le it SR ARG R S R0 R I Al lp Grary K0 3 ¢
SRR BRI | L IO e e (R & y

; . Wy - ade g 5, J2ee
, 5, ) : U Jsr haher vawed) —pbso .
q:.l#p =S B - ouf b Pl ALV cs f 2 j gj“b RUL &Pr> 300 - :_}L Evlr"‘&

= _ v
AH P },‘UI Upperl s lower ,u!i:J{ v Lower ﬁ’fq# Value U'E"q" -
rn_g,...f hegl JI Jap _ADL 7 sopns’pble Jgqufaﬁ- Néal bl wetelr I~ =2\

- ] 'C:"
N A e Ot it U el ) el v
i T < : heat valve 217

25 zjl.lé.;’ (s J’ Coql -Uo“fj A hl'jhrf‘

o1

ff’ff;m_cj A Pl S
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Cement Grinding and Storage

cement ) asluy) 820 L2 Cifp kerd| *

1 Clinker from the stockpile is extracted and stored in the clinker hopper

. Ska +ank Whe “bp, phe B 1
near the cement mill. S O PR Bk bt (o S
Coment 3 U3 8 asU — Ltp)y QYPsum I cliker i § =smBd
01 Gypsum is extracted from the stockyards and is stored in the hoppers.
qually cntrol QR s Liple, pRe ~i g +iPme s _— Feeder & oz Lol

0 The respective material of required ratio and qudnﬁty is fed into the mill
Cemepl 1 —Jie 200 add=- —apl, cIPnkel)l 322 Ppsum | (L0 &

from the hoppers using electronic weigh feeders and belt conveyors.

> T PO« Ml 3] T 2p @Y Ll SLb e UisPen cmid

o1 This material is ground inside the cement mill using the grinding media
balls.

o1 The ground powder is discharged through the mill outlet and is fed to the
belt elevator.
Laan,
_L|_‘ e e €
G 2

s T Ag o “aly
& > 5
S b mate®of 3
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Cement Grinding and Storage
e

0 A variable speed separator and recirculating fan is used to separate the

coarse and fine material. (eanie plfcle ho+ fhe preieic sl pti) G LN s
I e’mmbbk{_s (2

0 The fine powder is conveyed to cement silos by using air slides and belt
elevators /pneumatic pumps whereas the coarse material is again fed to

2-Ycm 2 ;qrﬂufs}e_” Tl
the cement mill inlet for further grinding. WJ/L Sk ,Luj fj %_,Ji

0 Fine powder (cement) and stored in storage bins, cement 5|_I_os or
bagged.

2l &

c1 Cement is packed in 50 kg bags and should be stored on pallets in a
dry place.
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Cement Silos
- I .

01 The cement silo allows the product to be stored in bulk, keeping costs to
a minimum.

11 Storage silos are cylindrical structures, typically (3 to 27 m) in diameter
and (10 to 20 m).
Wt.

0 In most silos, gravity causes grain to flow from the top of the silo and
out through an opening at the bottom near the center.

¥ f@J’ Stofage tonk , hepper 5710 J| g % —S8 v Goical Shepe Ls
Uster verdical /Lfﬂj'r’.b plo st 0 - ! B G

Cemenk J.';_')Jé:‘-f-’ .:-“E’/_"‘b‘ il sl ¢ 05 6 s "f::j CJ(QLHJF:)
S 1@
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Cement Silo
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Types of Processes
I

- ) 5 —alls. o— hot qrr 4L .
= I g LR 88 [ |n both processes closed-

RS fqu m"‘"‘cg'r":qf L ! l.l"-f' . . . .
= IRl e P als | 2V L5 circuit grinding is

5 L2151 30 -92 v R S0 Bl preferred than open-
Mgby'm?}f:’f?jjli Hrarscroec ' g e .
1T TULCT oL circuit grinding in

rarqu kiln & |
i

@t SRR T2 (G Y v b reparing raw material.
5*}’9_’;_._,4_/ L:,.PL.; SWL LJ":UI Jusk .J;-_J p p g
0 Why wet process s
replaced by dry process,

[ ry especially for new plants?
S N Rl
Process o i R

Iy NP &l A0 —Llp 50 +

jSau“'g""—* ZL.'_Y e F AL JDoew 9[-
Vs

J.-;...-J d{;&’i;' _U"j‘,t-
My 5 Sl ol

‘abldL stLige elr! b
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xn ,UPF/f(,ffj By

' lu—-*’fﬁ;*)r’
Wet Process =~ ¢~
e

o1 Wet process could be selected as manufacturing
technology is when raw materials have natural high

moisture content.

1 The amount of moisture in mineral sometimes can be
even more than 12% as in case of chalk.

0 The fuel and power consumption is higher than dry
process.
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Physical properties of cement
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Physical properties of cement

-1 Compressive Strength

cubes made by using standard sand and cured in a
prescribed way. ﬁwﬁ;j}"ﬁi"ﬂiliﬂt

- Tested under a compression testing machine. The
strength of cement varies with time, therefore in

general it is reported as 3 day, 7 day or 28 day

Strength' ( fyp)maﬂ'on rafe ) Sf#fnj-j, yn Madd =& A
L7 o, L3 2 =l 45 o=
= 3Ty, .

’..r’
Tl ),4—5 6 ya) S tanckrd EJ, L L)S\J =
G g S R g et 2 B A
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Physical properties of cement

_—

Moo — oql of hydfadien T
DC,Heai of Hydration  (exo /1) S el ET i T 5

- a ) 8.9 Wle abldl — LoD Lo
ind’feck  property of hardnrss o makerihls ol ) 2P E-_:llﬁ e 2adis

The heat generated during the reaction of cement and water is known as
heat of hydration.

The factors affecting heat of hydration are C;A, C,S. water-cement ratio.
Fineness of cement and curing temperature.

~ ( exc [x0 )
Conduc’rion calorimeter is used to test heat of hydration.

§ ler e=Js abld yBF
(s i heat | _rip), elemerls !
JJJU o Sl L6leer
%) ;1 ey 28 Uf/ _-/5 Zj"‘”
ar & SJH S
Fﬂ{,f_ of hjm"q*mf) ) :
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Physical properties of cement

J‘______‘_' fco?z L ng:fr Vs Adsas nfuh"f?‘.e.«*lfl-’ ~ | g o I_J_,"_',':-._:_'ﬁ i r\'.{'qif’r-\i"t_‘: .__,,SI

71 Loss on Ignition ¥ ly ol & ' 1260 i

NE- & volatle carben S) 539 NG ¢ ol

vt 12

A cement sample of known weight is heated between 900-1000 C ., - .
(1650-1830 F) until a constant weight is obtained.

The weight loss of the sample due to heating is then determined.
37> J) 'aR0 weight JL josses Pyt $ :
A high loss on ignition (more than 3%) indicates prehydration and

carbonation, which may be due to inappropriate storage.

1§ 0,0 146 > *

)—T.._..._J i ) a L b, Cementl) ) Lo

S xftls Eme dl hmcf@?j Ji iy sl S8 FUSI IS Aeater ., oy 4 . 5P z ol : :
k . ; _ B | ; E ‘J I j J r = 3 'L:i_r’ i T _'..L [: -1 "'l:d
=S C;L._ég- cfj;?}qa’ u'fj-ér_u e Matefial b - LA Wl losses 5% s > T B

. lesre J weiahl- " [ D22 UV
weight cashabd g2 U b 2 3 e A A
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Physical properties of cement ..o i oo

w2l 2 VO shenadh 3, U hydradion fe 3 ~upy lootle 3)is Yield A & ZUL GG I Gro N Gadack

o Fineness ,or particle size

L2*aY Usa i p1a2 ‘-r_( surtace aqrea mhimum /7 Trise )
|

=
Particle size affects rate of hydration which is responsible for the
m3 Jr"'l.-lu-_.b'\'.-l' _ Al fadie 1L o\5 151 - metelial o) o ( .7:1_,;,2,) Gl ¥ i )5
L;.,rﬂ) Y Lp{‘_;_’ rairfs 51 o8 L Ul"; - 6_/\,4r St..lfﬁ-a'{n:’ G fPg Hl‘_..f-‘J malf.ﬁuf__” — o s
ade surfice ancq JEVs Volume 31 S - e fadio oy wyl Lo~ - PPl - K

The smaller the particle size, the greater the surLace area to volume -
..r_!'f*’ S Lisd 310 e—, :

ratio which means more area available for water —cement reaction per

unit volume approximately 95%of cement particles are smaller then 45

micron with the average particle size about 15 micron.

strength gain.

Fineness can be tested by turbidity meter test, 45 micrometer sieve and
electronic particle size analyzer. ats, j»' alp
Al s Y Y T
firer paper & PP

adar
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Physical properties of cement

V

R 80E T
S d QP o2 QUL e il Uy o lelps AWM G U
d’ﬁbj/(-t.l‘ ouvunaness —» ‘_3; 2| u:;? Jy"'}/) s T b o r_—_‘;__:‘;yl L o a..f__yz"’l 5 las My (J-‘E:-"J (<’ 2
\,G/ Soundness refers to the ability of a hardened cement pc:ste to retain its
N fU" (B 51 cement g, L) o 5P o e e ot cally)
i) v volume after setting. SU e Geontly M;,_H,Hmﬂ W e cemenk s
\\Dm‘j‘i’fﬁ“mﬁ a_s e ) Cil’.-d ,Ja AW

i ength” lack of soundness is observed in the cement samples containing excessive
o F LS
/7 amount of hard burnt free lime or magnesia. P il

Seun Jdness Ji

Autoclave expcmsion test is used to de’rermine soundness of cement.
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Physical properties of cement
B T TS S e e i e Ot o R U S S

Cement N s 1008 Y0 Z 1pye)) P
o Consistency

Consistency of cement paste refers to its ability to flow.

Normal consistency pastes are required to be prepared for testing
cement specimens

A paste is said to have a normal consistency when the plunger of
apparatus penetrates it by 10+1 mm

The corresponding water cement ratio is reported .

. A B8y
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Physical properties of cement

emenk\  judo w bime 5 0 Setting Time
‘3'5{5) Flidd 5=V e — . Initial setting time is the time that
S ~ . elapsed from the instance of

-l adding water until the pastes

, +» It is measured as the time elapsed
f-’ 52 seHfoq 3 5 v: P
T 73 era Detween the moments when water
s R .. FM is added to the cement to the time
#EY P =S when the square needle penetrates
Gt &l s = g depth of 33 to 35 mm from the
Bressnse or Ul 2 o5 of the mould.

The initial Setting Time should not
be less than 30 minutes for
Ordinary Portland Cement.

ceases to behave as fluid or plastic.
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Physical properties of cement

i o Setting Time

nek 3, e
TS fi‘ .o The time at which cement

Cemenb) w5 - jnhal o1 completely loses its
FEFD send op B2 glasticity and became

5 i - gt
mg;lk_,_fubop,uw , hard is a final setting time of

aiie o Flow

cement.

oLy hacd peG+ The time taken by cement to

mechanicat e o gain its entire strength is a

prepesties - 4 ; .
Strenath 3\ sl SWL Final SE‘ﬁlng time of cement.
buPld up For Ordinary Portland

Cement, The Final Setting
Time is 600 minutes (10hrs). -
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Microscopic Images of Clinker
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Qc: Analysis of Portland Cement (%) ..

kO

T
alkaly o x/oe s Regular Cement

éyJLf A2 oPsh Y0 Minimum 61.17 18.58 3.86 1553 0.60 0.66 0.82
S| “.-le Maximum  66.92 23.26 7.44 6.18 5.24 2.9 2.26
WS2CMUESs, Average 6385 2108 579 286  2.47 1.4 1.73

= 1 2

Heila - =o High-Early-Strength: High C,S

218 aus VI

' £ Minimum 62.7 18.0 4.1 | b - - 2.2
358 .
' Maximum 67.5 22.9 75 4.2 - - 2.8
Average 64.6 19.9 6.0 2.6 - - 2.3
Low-Heat-of-Hardening: Lower C,S and C,A, Higher C,S and C,AF

Minimum 59.3 21.9 3:3 1.9 = . 1.6
Maximum 61.5 26.4 5.4 T/ - - 1.9
Average 60.2 23.8 4.9 4.9 - - 1.7
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Chemical analysis of cement

s e e L R e
0 Si0,, AlL,O,, Fe,O,, CaO, MgO, SO, K,O, Na,0, TiO,, P,0Os, Mn,O,,
SrO, Cl and Br using X-ray fluorescence (XRF).

. 194 wd ol Y
.___);H)ﬁ.;f_l\ Yo r"ﬁf«;" chﬁct‘r c.:LJI- 'Jﬂq"“'d

) - |
c A - | I >0 s
O skl > Jametel ) > ,J'*-*‘” o i

Scanned with CamScanner



r" \_;L.:-n-r- !_j{,:--' Frd =gied LU)J‘?JUH!‘".’}(_J[ {J:HJ"I)JI'-L_' f}q.'l'r_,ff‘q?f (jq_g ’#ll B;C’qu

CH . it e '
= 15 (ea S5 Ls Bfoaq; JI | andlber /Zjhﬁjw; ars Y ngiural jfu-“u*‘

Environmental impact
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0 Environmental impact caused by emissions into the air _ Zjl"&":ﬁi’::
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Environmental impact

o Environmental impact resulting from the liquid waste

- oils and lubricants resulting from garages and workshops
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Environmental impact
ST

0 Environmental impact resulting from the disposal of solid waste

- o | & =
crasherss millés W b A S

C"IH :J }' ;.1‘9 = ‘j-l"l

Atoms dirt minute of crushing and milling operations

(lead to serious risks to the population surrounding environment in case of
high proportion of these pollutants in the air )
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What is Potash?

o Potash refers to any of various salts that contain
potassium (symbol K in the periodic table of
elements) in W

o The most common potassium- bearlng salt in nature 1s
potassium chloride (KCI). —

P

o i ML _.-ff.-(j"._.-—l-f/‘}&-l,_,.’

J ;-JI..__...-'L'/JJJ'/J’“&”" J'J‘/
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Where does the name come from?

s "

0 The term 'potash' is derived from M

after the old method of extracting potassium

e ;,\\i) carbonate  (K,CO;), which consisted of
,5* *» leaching wood ashes and evaporating the \<

6y‘°”“/ resulting solution, leaving a white residue”
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How does potash occur in nature?
R R R Rl T A

o Potassium is the seventh most common element on earth,
which can be found in heavy soils and sea water, which
typically contains 390 mg/1 K.

o Large potash bearing rock deposits occur in many regions of
the world deriving from the minerals in ancient seas which
4 dried up millions of years ago. .2, b 5L v 2@ o b A 42
dep 031N Ue L 1p 1) D s @Lp i 6,08 P L o LA gLeSr- sl b

o Potash is mined from these deposits in most potash producing
countries. L e AUPYL o Ly 4 KCL +

0 The Dead Sea is also a natural reservoir of many minerals,
including potash, which is found in high enough

concentrations for commercial production. s w&w e e

”.J’ﬁi"/.-‘-’ ;_J«-J*‘f....)\ ik _:_/LJJ/L"/
sl et
What is it used for?
| e T R e R R R

7 More than 90% of Potash produced in the
. 7 el V J -
world is used for fertilizers. ~ dpend o (KPR
O, s S et

0 It normally requires simple separation from
A

salt and other minerals and physical g@g 2 o
into a form suitable for fertilizer manufacturgq{,o), >

=

or farm spreading. v &

A 4
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Why do we need potash?

R L L ]
o Potassium is one of the three principal components of fertilizers, which
are labeled by their N-P-K content (nitrogen, phosphorous and
potassium). e\ G alay) Pl
: Slew :....-";_f“

o potassium raises yields and food value, builds disease resistance, and it .
o improves shipping, handling and storage qualities of crops. -» ~»2%/ '3*’:5'@)
I IS 1 A!_;-’" A y%) W b x % 0o y
S o e e A At il
3 5 An adult human requires around 2" grams/day of potassium and typical
Sy (© intakes are 2.8 - 4.5 grams/day, from milk and dairy products, fruit
as®?'  juices, root vegetables, and bananas which are a rich source of

‘@~  potassium. Potassium consumption is part of a healthy diet.
‘-"‘))))’D\ U’ bqglgnce *:5, <

r’fl_l)n..u{__,-'r__u N—= FJJ.*‘/ o
1 o /\8}&

Potash Production Process
) S A T e S

Arab Potash Company (APC) has the capacity
to produce an approximate total of 2.35 million

tons per year of potash via its four plants in * =t
a.ple )|
Jordan: ¢

o (T The Hot Leach Plant (HLP).

&> ) m The Cold Crystallization Plant (CCP I).

Je 1

CQQ = The Industrial Potash Plant (IPP).
>*"[ @ The New Cold Crystallization Plant (CCP II).

iy

bV 4
]
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Operations

T¢I e, e L

y 0 The site of Arab Potash Company (APC) is located 110
kilometers south of Amman and 200 kilometers north of

Aqaba. e T L ege S s ;Lpé;}! LaR) 4
quI)orolh'o() B é ,..0-52-; r)on 5 Js:/é
9,0 The site is basically a Solar Evaporation Ponds System of
an area of 112 km? and processing plants. ™ o= a2 7~

R AN E Ry G b 6
%) o APC produces four grades of potash: standard, fine,
®granular and industrial grade potash .
euq/)olbﬁ'oﬂ%.dé W‘?_,_. Sat’d  selalion L@J '3 Be— _S_)J-— & ©
7 agl o) Rl —tL ol 4| o2
K_, H_,L&L\ faw feca) Jl/,—,_ej r&gw{’@) ém_@‘___ﬁ’//

process PPlank -J\é aLiis 55 Coh Fents 2\
S YN ——r—

£ pcri-qsh TTEEL 7 - o
Potash Production Process

n?
avs v v —
0 Dead Sea brine is pumped
to solar ponds at the Dead
Sea Pumping Station, and
an initial  concentration
process 1s developed.

o The solids formed in the
brine precipitate to form

salts in the ponds. Salt )1 T 20 cevap aug ptf U o
B DS B SalP s o~ stm!s I AL, soludion L
SO § Al
aup 872 L wle F Sl
ol
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Operations

4 o Solar Ponds: The process starts at the Brine Intake
L ‘E.’i-p’/pumping station where four intake pumps with a
wine  capacity of approximately 20 m’ per second deliver 250

fe ok s g
- 300 million tons per year of Dead Sea water. -, ;2" 7,

o The precipitated raw material for producing potash is
precipitated as mixture of Carnallite (KC1.MgCl,.6H,0)
MJI mPx4urle O o ,p w

and NaCl. 0 Y P

Tasp s pedds AL L0,

o This bed is harvested as a slurry from beneath the brine
and delivered to booster pumps on the dikes and then to
the refinery through floating pipes.

oolss g7 o harvested
él—' bette m I g S
= o ,,yj'p,_,,s-— st Pc'nc)s
ATy slaffy 3 Lp e a_P lc
AP 5 s @Rz V)

Operations ) Roalty pipes

(N 12— Us Aol

21

Floating pipes
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Operations

Carnallite harvester
Macl .!); (‘arna//ﬁe. .)J'by:) \__SUI -'b)[:'a)u &
’cw/yiguexl I 251,

Processing Plants

L
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WProcessing Plants

ISR .
- CosS P e ;
1. The Hot Leach Plant - exfracier pece &

APC utilizes the hot leach process technology to produce high grade
standard and fine"potash, which includes the following units of operation:
P

. Carnallite Processing; qualfhy N
wch A = Sylvinite Processing; i ”f;/ jww
m Crystallization; OJ;::L’:E}. 3 e J:l'{
» Product Dewatering; P
» Drying; car plocedor iRl ) b E
5 ; 0 4 s
= Screening. e St P (o 2 S
8 kel ) \TJJ_:,»J) sMacl s Bel ) J,.&v el
Carnallite (KCl.MgCl,.6H,0) QP = vaf g v Ciystal- )””c"S:!
Whis (dewatering J)av oML Tk s Re)
z )
Sylvinite : KCI+ NaCl Sdﬂn,‘f)j als _sful o‘r‘jfnj N AP e q«,w.

)JquJng’ sfze Zj/.’f 2
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The Hot Leach Process

200 million ton brine/year by intake pumping station

l i B Evaporation

Salt Pans

Evaporation A
- o brPAE N
evap - AN
4 Evaporation T 'D

The Hot Leach Proc

Pre-Camallite Pan
NaCl Precipitate

R

Carnallite Precipitate

Camallite Pans

Crude Carnallite: 20-35% Solid
KC1.MgCl,.6H50 84%

NaCl 16%

—

Hot Leach Plant

]._

KCl

s

Cold Crystallization Plant
1.4 million tons/year

Carnallite & Halite  _

Jo 5E/Jt?f‘fftfan HMebhods LQJ_/»F’/;

three treakmenk antks

€SS

-

Hot ——"— — Evaporation,

: Decompaosition V. Cooli
leaching Decomposition J— acuum Cooling,
brine 1 — | Liquor (MgCi2) Carnallite

Sylvite, Halite Crystallization
Mother ¥
Liquor 2, = Hot Leaching
hot I

Hot Brine, KCI saturated Disposal brine
Mother +
Liquor2, =  Vacuum Cooling, [ Condensate
cold KCI Crystallization

= Cavern
. } (0o AU
Drying |
Compaction =——p- | Post-treatment | ‘
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) 2 kel - Nacl , ey Ll R CRRRTRY eieed ofr i
c:‘qu;L, ;_,1‘“ vacl CZ-;-—?«J 951'01'1 I ‘__‘_r/ s k) \_jLJ!. mixlure J;“’

i | NN SR SRR T R e VR TR
Hot Leaching Process

o A process first used in 1860 for the extraction of potash from
sylvinite ore based on the differing solubilities of sodium and
potassium chloride.

o The ore, which is a mixture of sodium and potassium chloride, is
crushed and mixed with saturated sodium chloride.

o It is heated to boiling in which the potassium chloride dissolves but
the sodium chloride does not.

o On cooling, the potassium chloride crystallizes and is separated.

o The key to success in the HLP process to increase efficiency is
ensuring the brine feed to crystallizers is always saturated, thus
increasing their KCI content and thus crystallizers are operated at
their optimum, with the proper control of brine temperature. This
will both increase production and reduce the current specific steam

consumption numbers. oo I g ot o T
Conb"i_‘ljcuﬁ) w ij;}c,lh'zf’r I
O adf o LIWL, kel L pt s
REt b caal c(js'lqu J1

Plant Processing/ Hot Leach Plant

Carnallite Processing W pands D s olus
s Sat’d bhine lew ,up
» batbem JL-

0 Carnallite (KC1.MgCl,.6H,0) slurry is received,
o Dewatered and decomposed with water. - a= vad j& &

o The resulting solids mixture (Sylvinite: KCI+ NaCl)

is dewatered and washed, creating a cake-like
material.
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Plant Processing/ Hot Leach Plant

“*
rf_js alltZel J,, 901, M skrEam J) —g o

Sylvinite Processing” sji/nk Js ane st s hor o
oo ( vt §¥ 6 P Ly gp) Had 3 Cake g—ﬂw‘) P iy UL

hol waler dJP‘.: —eg 1 fecl >
o Sylvinite cake is leached. Heated brine returned from the
crystallization stage is used for leaching the potassium

chloride (KCl) solids.

(( Macel 20 4pfckaing &f) \satbom 2\ 2 preduck SL 2p, vy €
o The hot KCl-saturated brine is clarified in a thickener, and

then the overflow is pumped to the crystallization stage. of;
S\ R YoP N op e & (el 1) upper preduckiy A Wil &= o U
G B g Weccis i .
o The underflow slurry containing sodium chloride crystals is
dewatered, repulped with waste brine and pumped to tailings.
— koL o B b E;G_LLD‘_,., vacl & WES SRS s]qrf-j I &

A B S

Plant Processing/ Hot Leach Plant
o S A R R ]

Crystallization
~ uer ‘F"'w A
55 o SriE ROl Wbt i1t () SRR
o Hot brine is cooled successively in a six-stage
P S S, O

vacuum crystallizer system.

0 Upon cooling, the KCI decreases in solubility
and crystallizes under controlled conditions.




Plant Processing/ Hot Leach Plant

d’\ ] 54‘?' |-

0 Product Dewatering — Potash slurry from the =
/ L______./«J ;\4
crystallization stage is dewatered using hydro-  Jiupy s

cyclones and centrifuges. ) (water 4 xecl)
. crusdals o —¥@
A7 5 i
o Drying —Cake from the centrifuges is conveyed to
the rotary dryer to remove the last traces of moisture
entrained with the crystals. The product is then sent
to the screening unit, while the dﬁust is collected using
high-efficiency cyclones. Gl C
¢/ - secreen unil
“a ks ° AL U
o Lo i e L o

Plant Processing/ Hot Leach Plant

®
o Screening — The product 1s segregated into standard

and f@g\gr\a/(_lgs and an anti-caking agent is added to
both products in controlled amounts to minimize
potash’s natural tendency to agglomerate during

storage and shipment. o) aw g anti- Ca k’ofj "
JS.«JJ
o De-dusting Systecr)ns — Specially installed systems
such as t;g__g__ﬂ}gg_t_gn units and high-efficienc

/c&on\gs minimize environmental impact and potash
losses as dust.

A4 ¥ ,
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Plant Processing/ Industrial Potash Plant
O B T T T L e S RS

2. Industrial Potash Plant: (1PP)

Industrial grade Potash (KCI) is the premium
form of Potassium Chloride” (QW
min.) that is produced to meet the needs of
the non-fertilizer sector. 2~/ o 7 il -

Plant Processing /Cold Crystallization Plant

o | T e R R A S o R |
3. Cold Crystallization Plant I: (ccp 1)

0 The cold crystallization plant is independent
of the hot leach facility. v nop a thefmal

rocess

0 It is operated under We and

' QW eSel |
therefore requires less energy. -, R .

0 It includes the following processes: Carnallite
Receiving; Flotation; Crystallization; Cold
Leaching; Drying.

L ‘ ¢ .: A Z"'li"
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Cold Crystallization Process

SEEEEEER Potash Cold Crystaliization

Plant Processing/Cold Crystallization Plant
R R

|'>and5 J POy MA,

Carnallite Recelvmg ot g0y o

0 Crude carnallite slurry is first beneficiated by wet, kel

screening to separate rate the high-grade carnallite
fraction, which is about one quarter of the solids.

o This high-grade carnallite (coarse carnallite) is fed

25 ..
\‘\_:U- olls N S!uf@ A A

. ﬂg{t\ly to the cold crystallizers. i s LTl e
won A0 The screen undersize slurry is mixed with brine
C » ———T T—T T

esh 22 discharge from the cold crystallizers overflow, which
is at or near saturation, in a draft tube reactor.

B
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Plant Processing/Cold Crystallization Plant
N N T T e )

! il
| Carnallite Receiving

G @
#&» v 0 When solar pond brinejmixes with crystallizer

'-’7;‘“""’1’“‘“” brine in the reactor, precipitation of carnallite
e e e e Sl

S YemP L : . s
~ > occurs as the brine mixture equilibrates.
- g S as Lo o e—El

BT Slurry from the reactor is densified in the
carnallite thickener and the overflow is
returned to the evaporation ponds. L oren

/Coss 5¢,!,'J /)a:&fe; q,;.\__,uu Slteam Il S Nﬁﬁj over Jow N g

rﬁ{?ﬂ,ﬁ?""a) Sp}rc) /Dﬂfh't-tff :_._-Fp.i- ,.,)L/ JouwN stream _I, g

}yh

Plant Processing/Cold Crystallization Plant

(\{)ﬂ:‘)\é“' Flotation Sherty 0505 bottom It U2 = SN k.n:j

o Carnallite thickener underflow is beneficiated by a flotation
P technique, in which s@@@g@ is floated and pumped to
i guon & 4 the tailings area. ko

~ w0 Sink slurry is settled in a flotation thickener, the overflow of
A g -, which 1s used as make-up brine to the flotation cells and the
Vo J excess is pumped to the carnallite thickener. (anderflow)

-0 Flotation thickener underflow is dewatered in centrifuges.

o Centrifuge cake (fine carnallite) is conveyed to the cold
crystallizers and the effluent is recycled to the flotation
thickener.

A 4 T8
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Plant Processing/Cold Crystallization Plant

Crystallization ch s Bl Ly

o Coarse carnallite and fine carnallite are decomposed
in a two-stage crystallizer system in the presence of
water. Potassium chloride crystals are formed in the
crystallizers.

o Crystallizer discharge slurry is wet screened to
remove large particles of carnallite and/or sodium
chloride.

o Screen oversize is pumped to the tailings area along
with flotation overflow slurry. Screen undersize is
directed to the leaching area.

Plant Processing/Cold Crystallization Plant
R R R T

- ] ) B TN s A .
o Cold Leaching bl L

In order to remove adhering high mw
brine from the crystallizer product, two-stage leaching
and dewatering centrifuges are used to reduce the
magnesium chloride content in the product down to the
allowable limit.

o Drying
Second-stage centrifuge cake is dried to 0.1% moisture

content in a co-current, rotary dryer. The product is then
cooled in a rotary cooler by a counter-current air stream.

. | b
w 3 k g5
F Y
(i

; . bﬂ??'de?I
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Plant Processing/Cold Crystallization Plant
| R i R R T T

2L . Cold Crystallization Plant II

&L e L) U2 LA (o)

A ol s I)}em
g 2

st

SS.:,._) L{nﬂ’

o A second Cold Crystallization Plant (Il) came into service in late

O

2010 to give a total production of 450,000 tpy. The new plant is
similar to the Cold Crystallization Plant |, but it has certain modified
processes and more advanced technology, mainly in crystallization,
flotation, screening, leaching and other areas, and an advanced
control system (DCS) was incorporated to facilitate control of various
processes. Highly efficient dust collection systems were included in
the new plant to ensure minimum dust emissions into the surrounding
environment, and a new compaction plant was also installed to
produce more than 260,000 tpy of high quality granular potash.
The new compaction plant comprises a post-treatment unit intended
for enhancing the quality of granular potash.

https: //alchetron.com/Arab-Potash

Quality control

O

Standard/ fine grade

CHEMICAL g

il

Chemical Composition Units Standard Fine 58
Potassium Oxide, as K,0 (min) % 61.00 62.00 ot ko
Potassum Chioride, KCl (mi) % %50 e -
Sodium Chloride, as NaCl (max) % 260 100 A J:\g :
Magnesium Chioride, MaCl max) % 050 Gl
Calcium Chloride, CaCl, (max) % 0.06 0.05
Moisture, as H,0 (max) % 035 0.35
Anti-Caking / Amine - Added Added

m“?da;
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Quality control
R e
BT

Tyler Mesh Typical Percentage Retained

Tyler Mesh Opening (mm) Standard Fine
+10 1.70 1-3

+14 1.18 8-15

+20 0.85 20-40

+28 0.60 40-60 0-4
+35 0.425 65 -85 7-12
+48 030 88 - 95 20-40
+65 0212 93-99 45 - 65
+100 0.150 75-85
+150 0.106 80-90
Guaranteed (Tyler Mesh) [mm] 90% min. between  70% min. between

(10-65) (1.70-0212] (35-150)[04250.106] ¥ *

PHYSICAL PROPERTIES

S ¢ N Standard Fine
d{,,,:,/} 4+ Stowage Factor kel 3 S 36 34

i BulkDensity MI/m®) —— _mass ~;» o  1299-1358 1.174-1331
i‘; "3 5 AngleofRepose unt 285-205 29-30
2

e s as) s4ouc8¢ aclor 3\
) al{iclé SJ’EC e
Jensity v

Quality control

0 Stowage factor, In shipping indicates how many cubic
meters of space one metric tonne of a particular

type of cargo occupies in a hold of a cargo ship.

o Bulk density is the mass of bulk solid that occupies a

unit volume of a bed, including the volume of all inter-
particles voids
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Quality control
S A S T T TR

1 Angle of response:

Steepest angle of descent or dip relative to the
horizontal plane to which a material can be piled
without slumping.

G ot B T

o2 ) Z/uu‘*
o hef s zental Plooc I
riead) jlaady) (MJ)J (_,'-’,V“l"’ B\)

)‘}-{—I rJ_j’— L L-(e;f e "5
&
bollamm 3L W parY 3 - Cylons Vs hoppet db T
P g PP

CEIVA ',[_‘,_.,)l '/_49) AL B, q{')),/. N),f, Cenical J é

dead Zohes (s —/\.& Ls Smocoth “'-fi/__/u

Environmental impact -

11 Waste reduction and recycling, environmental
protection including prevention of contamination, dust
emissions reduction, and improvement of operational
efficiency mainly using Natural Gas in production to

. v " 3 l Lf
S sdream Lo heok ,Lea(}m‘zj rﬁﬂ-/' 2% 5
reduce gases emissions. il e T S

01 APC has applied Environmental Management System
since 2001; where recently it is updated version of
ISO 14001:2015.

P SHERY Rt ) & walural G
s el Clin ) P e S )

VA

bazk - A\
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SURFACE COATING

- Reference: Shreve’s Book Ch. 24, pp. 380-399

© o ,‘-W)/‘ J. ' - %
Classifications Y

Pl ~y) 5 e Ny @ 9 ) A9

1

S @ Paints (relatively opaque solid coating applied as
,}-aﬁ-‘;’rhin layer) whose film are wusually formed by
Ut - w . j'" £ * Q. i
Coabine ‘%ﬂ“ polymerization.  Phee! (xn sp, cppmical XN g, s e
u:l.—'/)"jl . sy o~ balzs as b ) [AT Wb
= Varnishes (Clear coating). R e ur ,

. . = :..-:'/ .ﬁ :\)"7) \ =
@ Enamels (Pigmented varnishes). = < S ks

@ Lacquers ( Films formed by evaporation only). ., P

. 5 : SolWeak 3\ s ¢ 1L U Saent
@ Printing inks — ast? 5 5 W o

ﬁ:):'lll"tﬂ. Sfi.:—- é E“_._—,-a'}'\ Ca‘,) L.J
phowi sup, Cealing §&7

1
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. Types of paints
| T RS I | R I

O Solvent-based paints » < Sl 2pis

IV ¥

0 Water-based paints —» oLt g

-~

S

Raw Materials

e 1l

0 Paint is a composite eitfef
materi inely 0%/

.o.erlcl of a fme. JJWN(O"
divided pigment dispersed *
in a liquid composed of «
)ﬁ: *\ resin or binder and a
)\ T T L Vo
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Constituent

| ﬂ—
%, Wl 5 OLRIL OV 5 )L\ Ny
. b,\-l Pi /JJ-‘)LP .;,u P2 & 7.
u;g' . Pigments —> A
_:'./\;LP*” 2 2“-’/105"")."?»’ sk i 2.af s

Pigments, gives color and covering power,
are finely dispersed solid particles. In
some cases they can be used for certain -
protective properties, such as: rust :
prevention, and to control gloss levels
\ _&;\ » Z.la-—).‘a-*‘f-m‘éif-?; 'f?.P/:\iL'h_‘[ﬁ AT
A2 X " Titanium dioxide provide excellent w
29) MW, and brightening ). é)‘zﬁaﬂ/
‘ o A ;

o Zinc Oxide ( Resists ultra violet light).

0 Micq, red lead, carbon black
UV o o5y (&7 agi ) o W gy

MU 51 e gy (o Lt = x Ol &-’

55 Yu N SO =Ze Do Vs Zhe oxide ads Lep B

QBN v ¢

Constituent
T R e e v e G L h e A e B AN < |

0 Pigment Volume Concentration

e volume of pigmentin paint
~ volume of pigment inpaint + volume of nonvolatile solvent inpaint
2 b B g
0 PVC control such factors as: -3+ )b J': : g
ad| W \Gg ) \W§ S uT f
Gloss, reflectance, rheological properties, washability
S sl LN BLAL B = lesp)!
Gnd deClblI”'Y UC.:::‘}:J};I v Plon-!
Paint type PVC %
aniay Gloss paint asl '&# ¢ outdn | 25.35
- L Y ) o 2
au5) £~ v | Wood primers 35-40
' 28-36
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Constituent

.55V 2. Resins (fil|m former thin frlm S e et 2
oM ) Res?n% s> H

0 Bind or glue ingredients ( pigments and additives )of paint -
together. hager S.s 2o adply —usiL) f s <

O Provi [ — -
vide adhesion to the substrate. _ abs M Ep oLe) PAY

0 Provide durability and resistance properties such as: moisture
. - - 2 } : 7 .
and chemical resistance). _, = 'JL owC“ Gyt B s o s
{ A;Il}'} ; Ol cwemica) sy o) lIQJ ,.k’j.' P
o’ f’h (Vinyls, cellulose, epoxy, urethane, styrene, and polyesters )

w7

9
0 The binder may be dissolved in a solvent, or in the form of an

M

@ emulsion or colloidal dispersion in water. This results in solvent-
borne and water-borne paints, respectively.™ Ve e
. P

5 o £2Nher ) _:)2.«-4-54.)
a.2 s, ol S »’J’

Cons'hiuent < ({&)l u_}—g-" Ls, ?U" O L)
ﬂ—
7 ’\’}‘ﬂ'llers or extenders

b

=’

C o Fillers c:reéu special type 8}‘ pigments that serve to
thicken the film, support its structure, increase the
e e gVl

@ volume of the paint.

Fon WLR S e o e S

o Fillers are usually comprised of cheap and inert
materials such oslg/lg, lime and clay.
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Constituent

I it i ol N IR L DN S U R R
4. Solvents o O 2 gl WL aln g sk o

0 Used to adijust viscosity of the paint.
31ty & | o B A

O evaporates, leaving the dry film coating
hin fim oL, )5 b U o<

O Water is the main solvent of the water based paint.

—

0 Solvent based paint can have various combination of
solvents including aliphatics, ketones and alcohols.

Constituent
et LA
Drying oil and fatty acids: Lol e Dy,
O Linseed oil 7% 2 M’ (e /y
0 Soybean oil titegrys Mo b
a1

o Castor oil e}\ s ¢

r1 Coconut oil ; G4
-““P'I’ A
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Constituent

ENVEE Y SRS bl U B GG T R O e L ATt N
B UV e T clp s L) A S g
5. Additives ; s L e
Additives are used in smc:ll omounfs to modify the
film or paint. Excmples are drlers, which promo're The Nk

drying time of some cocmngs, flow-control @ ents, Plow 7
‘fo—&/ ¥4 % P N
which give a smooth sur defoamers, which

prevent the formation of bubbles that could dry in the

film; and c@@@%}s to prevent the paint
from forming a 'skin'. hip S R
C)‘/ J—/W
S LP__;Q/ &3”"

P

Paints Industry Flowsheet

(Ddank mtxer rindin9 pacKaaing




Equipment Used in Paints Industry

RO AR U ¢ < R N NG R G > A L
0 Mixers
0 Milling machines «lon ol
; W\ L Heparicle size y& UL
o Filters m’*"b"'.}- by el
0 Packing machines  u/ficle 57ze st bution
£ 1 et esila.s U

Equipment Used in Paints Industry

[ P S ey e T SR SRR T T
1. Mixers

0 Mixers are used to achieve homogeneity between different components,
specially in the production of varnishes or water-based paints. Mixers are
used in the following operations:

mixel N\ _~ )i
O Mixing oils or resins, _~ ) S @2 e
Mixing pigments and fillers with coating materials.
Decreasing the viscosity of resins, and varnishes.
Mixing additives with paints or varnishes.
Adding solvents or diluting agents (thinner) to paints, to adjust the viscosity.
Preparing emulsion (water-based) paints.
There are many types of mixers used in paint industry, they differ in their
suitability for different applications.

B diekm S e e

-
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Equipment Used in Paints Industry

(8] SR B T H A O O e Sy R R R
0 Choice of mixer type depends on the following

0 Viscosity : mixers types used in preparing pastes differ from
those used in the production of low viscosity paints.

0 Density difference between components : achieving the
desired homogenelty depends on the type of |mpeller, blades

design, mlxmg speed, and inclination of impeller axis with
respect to mixing tank axis. WZ?;J);“

0 Solid particle size : Some components, such as pigments
;( ““agglomerates, have relatively large particle size compared to
% L/’ other components. Also volatility of solvents affects the design
L ), of mixers and the need for cooling

Equipment Used in Paints Industry

~r verifcal

0 The mixers usually consists of mixing tank, usually
vertical, and one or more impeller(s) driven by
electrical motor, the mixing tank may also have
baffles. The impeller consists of a shaft assembled
with one or more mixing blades propellers. Propellers
can be divided into two main types, axial and radial

flow propellers.

RN BN ek kj{&‘_,w‘;_______ s || | I
1)

d‘&d —ali \L 'r{m?q_mer P~ |

\rsﬂ'}a‘(q\j AUV
Mixing tanks
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> ({q()s‘al mixe r)

Equipment Used in Paints Industry

EA
a. Axial flow propellers

Axial patterns run parallel to the blade. N
Qs Ly~ el e L plate
_Sneeadly (Bedpiinrmrt

Propeller

Scanned with CamScanner




.

Equipment Used in Paints Industry

8
b. Radial flow propellers
Radial patterns run perpendicular to the blade.
Plales ) q,\ll;yé 95, Jes k
Turbine propellers Anchor impeller

Equipment Used in Paints Industry

B
] —N Uk — e rdfcle sfze o v L
0 2. Mills 1"7"’" %iu- g_)iJ & L by ; 3
£ 3 on part & YO wt ~L aus :
9 +A, Roller mills / Jer B
'-J"jj("-

2w O Each roller rotates in the opposite direction of the
o =+ others and with different speeds. The clearance
S99 § between each two rollers must be controlled

>.5 ¥ accurately to maintain the desired finesse of dyes.
il size Vs I
0 This type of mills is open and therefore cannot be

used in grinding of paints which contain high
volatility solvents as solvent emissions to the

13‘?

= 3 P
U?sas/ﬂj :.léjif_ %’i_’w—,)w'“ { s %‘ju—
o L T B

atmosphere could occur. el savent 2355 U7 ) 2220 VS
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Second
roll pair
)‘Ju d\\lup(_&u QJL...L
B

é\m ‘amA.cleN};e Mjl’

Equipment Used in Paints Industry

77 e T e R T T T T
B. Ball mills

0 Consists of a cylinder rotating about its horizontal
axis and containing the grinding balls which may be
made of steel.

0 The grinding efficiency and fineness of particle
depend on the dimensions of the cylinder, speed of
rotation, balls size and balls density. In some mills the
length of the cylinder is equal to its diameter, but to
maintain higher degree of fineness mills with a length
larger than diameter are used.

Scanned with CamScanner )



| 3.3 mis 20mvs 1.3mfs

Comparative 125 mm ball ROAMBEL e 54 nuc ball
ratio of volume crushing crushing crushing
of balls to volume 50 mm material 25 mm material 12 mm material

of material =15.6:1 = 47 .1 - 150:1

Equipment Used in Paints Industry
(7 T AT T S P ST T

o Relations between the internal diameter of ball
mills and the ball diameter

Internal diameter Ball diameter (cm) & their percentage
mPWN A
30 - 60 1.5 (70%), 2.5 (30%)
90 - 120 1.5 (30%), 2.5 - 4 (60%), 4 - 5 (10%)
120 - 150 2-2.5(85%),5-6.5(15%)
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Equipment Used in Paints Industry
B I A e T S T T 2T R

3. Filters

| b R\ During the mQ”UfGCTU“ng steps in paints or varnishes industry

or during the oil heatin Process the I|C}v\|ds are conmmmated by
all into them

a‘;ﬁyrﬁ-""’“for%lgn matters that oreover the paint may
' > Uﬁ; » contain parhc es that were not ground to the required size or
\

some pol ?/mers that d|dnf dissolve. Some surface hardness may
AP aso exist. For all the previous reasons, paints and varnished

...;U’l)""cy*})j) liquids must be purified by one of the following methods:

2

4%’ o Single cylinder mill: It can work as a screen as all large
,-O)J) pl ments particles and foreign particles will be separated in the
hopper.
O Fine screens. 5  nesh ¢ D)
U’/Iz 4B J—-"
J o Filter press. _ S j’pﬂ’"’ o) o N SMENY
Mo Settling - S i P i
o Centrifuge
LA e
C/‘Jml

if;’\'(f'( \[)Ltj).Jil

(.)(O)('
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Equipment Used in Paints Industry

2o = T N
4. Packing machines ET RV |

The packing may be manual, semi-automatic, or
automatic according to the size of production
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QUCI“TY COI'“'I‘O' Standesd ‘”é'v"—"wbr"ww «
I I S N o 7 O A v T T S S
O Viscosity
0 S.G F%Spen'ﬁc 3Fauy
0 Color ( spectrophotometer)
Opacity>" *® € Vo &l
Drying — ulﬁ)f &L’__;,L;_g\ .25

s —=) et

O

O

O texture —consistency ~ (oo U ((heme) o) %2 L3
0 gloss/sheen ~, i

O

PVC (Pigment Volume Concentration)

Quality Control

#4,51. Opacity: Opacity/ Hiding power is measured by
ﬂﬂgﬁ; painting it over a black surface and a white surface.
- The ratio of coverage on the black surface to
coverage on the white surface is then determined.

AW SuE 00 G M'&«"WWI
o 2. Texture consistency : The Texture of the paint is
determined by applying it on the wall using a Texcote

Q_IL%" to check for sgg_w /
S AR o ,
L\,ﬁefﬁ &J w2 N
G P
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Quality Control

ﬂ_
3. Gloss/Sheen : is measured by determining the
amount of reflected light given off a painted surface,

using a Gloss meter. Ol Lt 5 L2 P UtV
N N S

{ef/c’deo)f_u,,«-v WL WL’I o—f’

i, |7

Quality Control
T PO 7 T T R T TS T T

JW: s tested by making a crosshatch on a

\

d\“t;n dried paint surface. A piece of tape is applied to the
o " crosshatch, and then pulled off. A good paint will

remain on the surface.
oles> M él)f, ,P,,‘»-‘” &
oSl o'\ '1;2.-1‘./""‘_7—)
Jj—l‘“’) O & |
?',.ﬂ) é'j P VN LD
;?;" O L2 &.L,b 15)

) i ]
a....-’ LJD.;U‘ h/"f_adhu‘?ﬁwﬂ al, Wo Ly uun,J\
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Quality Control

5. Weathering/ Resistance of the color to fading:
(L._,pj/ )LVII‘&-“" Lr ») N‘r—pj .-v,} f_/;.-f
“t/-"—‘—"-"‘j ____..-“")/"JJ
Is determined by exposing a portion of @ painted

surface to outdoor conditions i.e. sunlight, water,
extreme temperature, humidity, and comparing the
amount of fading to a painted surface that was not

exposed. WS i, s

~\ _D"_,jl e

Lugu#:ref*ﬁj S/ J "rﬁl'}
o ¢/ Y
L.,-—/"‘lj ;/‘— J/ 2 J,)\;* f/_u' '\ ( JL }J/J 7

Ll 5.7
C
/’/‘7/') ./:—9 e Lp/—\> ~ Y

Ll
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Defecis

A settling 5". » Low dispersion ¢ s upd 412!
el

12 <f Paint Separation Incompatibility
Al Foaming Mixing at high speed,
insufficient defoamer.

Foul smell/ ”F:;' Micro-organisms . % ‘:“*ff" L Lp
Mould growth L o p gl e ey
Sﬁéﬁ‘i’;’lg. no Too much water, sand omitted

texture/ pattern

I Low viscosity Excess solvent
A High Viscosity  Insufficient solvent

Defects
B
High Specific Insufficient solvent
“ gravity A
“ Low Specific Excess solvent, foaming
gravity S oA
Foreign matter Adding foreign contaminants
without manufacturers
specification (lead to film defect)
lJf@ Chalking (is the Polymer df_g‘djg_gﬂi,g_n of the paint
/ %5} progressive matrix, due to exposure from UV
0)7 5 powdering of the radiation.
,' paint film on the
oM painted surface).
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Defects

A EA
S/N |DEFECTS

is a very quick
chalking)

g

Cracking

‘WM Erosion (Erosion due to external agents like

rainfall

M Peeling/Blisterin Improper surface treatment

before application& dampness
present in the substrate.

When paint coatings are not
allowed to cure/dry completely
before the next coat is applied.

Defects

Pigment
Flocculation

Tacking/ not
drying
Skinning

mLow sheen

DEFECTS CAUSES

The pigment, after
dispersion, reverts to a
greater or lesser degree,
when rubbed. (Colour
change)

Insufficient drier

Absence of anti-skinning
agent, excess drier
Excess pigment/extender
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Drinking Water Treatment

Ref:

Joel Ducoste, Department of Civil, Cosnstruction, and
Environmental Engineering, North Carolina State Univ.

elll «
\"""""/f/ ____,.)/—ﬁ./’ s',,/ Q_,.% iqq}lfj .rfu;f(;x

I
=) Lol 2
-2 Arlop
A

Importance of Water @i

- L
e

Y v

Looking at water, you might think that it’s the §

t simple thing around. P
maos o g f,a w |
Pure water is colorless, ododess and tasreé |
But it's not at all simple and plain and it is vital “b ‘zcr “"’ f

- ‘-,J_,’ e _._...--—J’J,LJ\ e Tl !/ |
for all life on Earth S et e AR 3
Sl e b 2 '_..-,— P - L ey J'fuir‘..r"" ia'l'abhe
Where there :5 water there is life. and where {

water is scarce, life has to struggle or just "throw

N

| ool @ | m y;_x.r,
n wel. " B> w3k oLr o SO
in the towe ‘ o

..-P

‘“Warteris Ilfa"

5‘

L 4
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A So What s It About Water That Makes
It So Important To Us?

P RS 5L of Au\S S)oip
» Water is of major importance to all living things.
> ol P W)Y 2T v 31 ) as eyl

> Up to 60 percent of the human body is

> Therefore the quality of Water we drj

. ol =
. o Jg__':_,a q/)/‘ o u;:q-"
. f'__"/i oilisl P50

> The Drinking Water should be tof

and free of any disease-causing MICROB

that’s why it should be properly Treated

DISINFECTED before using it for drinking

purpose. a2 nRedilnl el s

Ll ) A S G e

Alaes S TR e e e o e j'ﬁ“‘;;il I

QLS fa 3es Ap s @Dt 2Ll =T -

\\ Where does the Water come from?
‘aaks ,{:-; = el c;,,o,d/,’(,,eg&;,h_;b o> A

[ E = P W,
> surface waters (lakes, rivers, and reservoirs) - . ' ;
r - >
N,/mo/ /E > groundwater (wells). = e
/ p/ ' ; /L‘f/l"""”/ g ¢
Ve )) :' S
B | ol olk 5o %

250 A\ 15° i

meler L e ;.'.'“ g :
o) Jo s |
Y
X AN
T L
‘ap P> M|M :

GROUND WATER IN ADUIFER Sources Of

TAPPED BY WELL

A 4
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The Water Cycle

ter Stora lrl
thl Atmosp

Transpiration
G (s

Evaporation

_\
Spring
Ground-

water o
Discharge —

Y
Infiltration\, ~—_ «.
Ground-water

Storage ;- Gre umt water
Dischart ge

: ' B
Lz>
_--'/ul, 5\ )%p) A.L:EJ Jr._..—" J”i/ LE‘»A-’_;’.: Lg/g_,’;

| Drinking Water~

oLkl oles for @by e TP s ) +"
> Jordan has scarce water supplies

in the world. oLt o\ “"’“’LL;.S as P o l_,;v(_'-,—.p:/_/.’ﬁb/"'
> In recent years, mrcrob/a/ contamination of the ~ *7" 7
Z L ftl

water supply has led to highly publicized outbreaks ~—

q;L..-' L»>
of disease, causing illness and even death.

S o i3> How safe is our water? — °\> % syandard Y
J«/w A3 B —s 5V nq..sk.up Ol L) sy olnadl

5
3\ el
. > Where do these infectious microbes come fram. ot G LL:J’
(’J"/J C J;;;nﬁ’echoﬂ,lv,fq_p onfu P L 750 c:Lt-fJ al
.. owo > Howiswater treated now and what'’s being
el _‘! P

done to make it even safer?

0

A 4
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Lf\,—ij ]’lumf'o"oij I ﬂ) ,JL.&,«/;
e _;_,,w',‘@,; ._:/Ldz,j
wele R SR L s
e B e b S
\_’—_.-—-"_/}EJ_J (jf:u_) JC?//O/ _{-'—&:) ‘1.:.....2.)
7~ S (= CJ“" BB e
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Surface Water Treatment Plant

4F ThiswiPREe] ”“?fw e offfnh."—nj woker

& Tyt
_. -~
P AN - Ozonationx Coagulant, pH Adl‘\‘j‘;"“-‘“‘ Disinfectant (Cl,, NaOCl)
‘ ound 5.4
- * K)), J-LIJ-D
S oL s
y V|
Raw Water Mixing Flocculation : edimentationFmraﬁon
Storage
p Well
o J}Q ;3 3 3 Clear Wel
A . , TR 'y
i aant ""’w&*‘”' it Q) e
60%3 ﬁ\;.) 73 F 2057 9\
U/UV' o\ |=‘af4'°f‘f’5 3 Distribution ©'“*!
Nz j yan po-¥ a1 g\-‘lﬁ
0 = ...,/
wFO e Sand Polbes Toa—
avs sy q_é,.ur__,J hiaw Blow s st U }4“.
oo m JL&Z‘ L . N}(; ik 2
\’p g(!é) ,-J)-Pm y.,'nj_rlJ ii"l Jl:-)‘u_)_)l {"J/'.-._.-—-'-’

COMPLETE CYCLE OF WATER TREATMENT

COAGULATION

Lake or Reservoir

<+ 1 l""'j:';
. g
} / '
sromace |
| sepimenTa r:au
[ DISINFECTION
FILTRATION LTJ
l 1l
Lo — —
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. o> 5b 3l oLb| wsG pT P o UL il 2 P
ot e WD

Water Treatment — 77 =7 7

v ‘ "")’ ; %

al Wl ol o1 PP

» Water treatment transforms raw surface and

1 79 L SR
groundwater into safe drinking water. < :

L1/l
A
> Water treatment involves two major processes: physical
removal of solids and chemical disinfection. -5 ., 1o .12

LPA st

-

+74~ < Coagulation
oW
) 2?7 ) Lake or Reservoir

—

Coagulation removes dirt and other particles suspended in
| water. Alum)and other chemicals are added to water to | puewrarion
form tiny sticky particles called “floc” which attract the
 dirt particles. The combined weight of the dirt and the
' alums (floc) becomes heavy enough to sink to the bottom

during sedimentation. é

\ Water Treatment
Sedimentation

C oy o Cakomon

a2 ~ep s ek s

S | -)_U_D ~ SEL— _/f \____5[5-”.- mESh ()’:-/ é
I : ) P *—."";;‘:‘" ' -
L_J;__/{}Jr‘:/o{her end —“d’f/ 2R l Q)LFPJJ\L/J\
) : ‘JL;""’J P "“‘_""‘.bu (2 2 / e
ey v T S S e e 2
e I
v B B g A~ ol \ogktom L
/ ' y
U e e e 4 & aals Ao

c'h,«‘//:” bq\r\rnm-: o Jalve ,\:I.);b
B ? ‘ o
l y\,up Jow | 3720 2P 20 h AR

1 3
Coagulated particles fall, by gravity, through water e ‘;Jc' ’ i
in a settling tank and accumulate at the bottom of
waTER the tank, clearing the water of much of the solid

FILTRATION _ debris, and clear water moves to filtration.
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Water Treatment
Filtration, Disinfection & Storage

ougr PUTF DISINFECTION: A small amount | | STORAGE: Water is placed
raonk o L | of chlorine is added or some in a closed tank or reservoir
other disinfection method is for disinfection to take
used to kill microorganisms place. The water then flows
o R lithat may be in the water. through pipes to home and
SEDIMENTATION business in the community
|
| 1
| Cq,) /Jﬂ; o () f “'(’( d:h:

FILTRATION: The warer;asses through filters, some made of
layers of sand, gravel, and charcoal that help remove smaller ;
dissolved particles such as dust, bacteria, viruses, and chemicals. I;

( Water Disinfection

M‘ o oY
® Purpose of Disinfection
> To make Drinking Water free of any disease
causing bacteria and microbes.

pYLAL oy
& Methods of Disinfection
st > 3 mainly used disinfection methods at large scale: .
"IV CHLORINATION —+ 372 & s 1 B 5! 8
“‘ﬂi”{i‘ > OZONATION G ol o g e oy = b
Socum Wl“”) ULTRAVIOLET RADIATION —» a7 &7+
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Water Disinfection

L SN ol
Chlorination

» Chlorine is the most common cost- effectwe means

s L AL
of disinfecting water. % SraE elbr)

> The addition of a small amount of chlorine is highly

effective against most bacteria, viruses, and 1
p mfﬂ—fiv__\ _.J_.,) J ] 3
protozoa. e ¥

g =—JL
P e B =

> But cysts (durable seed-like stages) formed by

parasitic protozoa such as Cryptosporidium and Mich fjfi’ t4

WL el Nulo &é,50
Giardia can survive chlorine. =\ (\7® 2= ¢
%U—U” o> ~_paald -

> Chlorine is applied to water in one of three forms:

P s

£ / .

elementa| chlorine (chlorine gas), hypochlorite
solution (bleach), or dry calc:um“ﬁ?pochtorlte N 2

three forms produce free chlorine in water > v, aub
6 . U
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Water Disinfection P ABL habe o) pipe

Ozonation
oy eSSy g7
> OZONE is the strongest oxidant/disinfectant
available.

Oj Z:—?J; Fan K Sl

> More effective against microbes than chlorination.

> But, costly and difficult to monitor and control under
different condition.

€ Ozonation Process

0,00 ) ¢ > Ozone (05) is generated on-site £~
) ##  atwater treatment facilities by :
ov) L»  passing dry oxygen or air
‘ through a system of high

voltage electrodes.
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Water Disinfection q;g}/JJ‘

Ultraviolet Radiation ~~*

> When UV radiation penetrates the

M cell wall of an organism, it damages
— o\ genetic material, and prevents the
j‘m .« cell from reproducing.

. /> Now a days emerging technology made UV radiation
o8 to find a place in both household and large scale
I3 a drinking water disinfection.

€ How is UV light generated?

> Ultraviolet light is most typically generated from a low
pressure or a medium pressure lamp generating UV light.

Wg P -“L \ q Leu CV"L
o g

' ULTRAVIOLET RADIATION

b 4

Scanned with CamScanner



e A e ) L T e Cob Brl o
),.& Iy q_ALL_.g)'u old) 5

o ]vreci‘r mE€ ﬂ\,"

WATER CONDITIONING
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Why Water Conditioning
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O Water conditioning and waste water purificationis ,

Cs Yot

N—-—-—""“---“—“--../*-
an essential function according to moral, Iegal and gaye » 5
fcation yaou watel

| s environmental considerations. Lip e ¢ w{,ik#
Z— breatmé
t* s 0 Industrial waste water presents a challenge that is
| &3 vel) I 2?,4{) o .__-/318)' | &4
' considered a key operating expense. L Freatmenk
st aslup) olsadies ahs o 0L V) Q) Fulle
O Some solutions: reuse of waste water, recovery of | ...
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| -‘*“"‘""‘J _by-products to reduce cost of treatment, control of & ) 2!
N \ ) 3
l 22" " pollution. A e
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Hard Water o wod waleriis
190 3 13,2 B/IP anlh s\ hegk exchangels boile y Heial process ~—=»* L
O Hard wateris defined as that containing un-- o el A

(_q jff’{j—"j

desirable amounts of dissolved salts of Ca and Mg,-,.,. pg

dﬁz:’f ’ﬁresent as bicabronates, chlorides, sulfates, and
nitrates. 2 Ly g 43, ca les ( bt waled L2215 o
(lhscwl«ﬂgw_)rytw;Jrq_} Al o bt

SaPlo e i TR Jr—'“ €
U Additional impurities in water

:,, J’M dg o 2usl mLJ'v"
e _* Nassalts, silica, alumina, iron, or mfﬂg?ngse may prese;?t > ,@J,sm

W, @’ o suspended insoluble matter (called Turbidity)” *’f” A

Md"ﬁi L ) \J;Lpquﬁmjlp/ J,.-" J

o ° Organicmatter > 5. -~ .,
"« Dissolved gases (CO,, 0,, Ny, H,S) — (AL =hsfpr ol
equilibfium 1P &

Types of Hardness

Hardness is expressed in terms of the dissolved Ca and Mg
salts calculated as C,a\_ggar/bgrlqj@ equivalent (ppm, grain/gal,
mg/L). . ~ Pl « i

)2/
9 [ Hardness ]
Caf (Yol | v
qcf f é M I
G Ty !
tem IJ 3 Temporary fff: Permanent
(carbonate} /;; (non ca rbonate)

"\e\o e T— — -

,, s\L\ | ® caused by blcarbonates of Ca » caused by sulfates and chlorides
A;ﬁ and Mg. of Ca and Mg _
skable | ® greatly reduced by heating = reduced by chemicals - ==—*
comp” e AN

s (Y
£/ ;)l/ ‘),LP)
N,lplf “ PR |
}'e‘;ﬂ r}\} ?
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;,:}‘V)éy “clogging scales with low thermal conductivity on

LY o L5 b - cﬁa/)a’d’})pww o ardness 2 s

N}C\’/ * cooling and process water

Terminology

QO 7otal Dissolved Solids (TDS}: unit ppm
Range of TDS: few ppm —thousands @WWNL@/ e Jooo ppm
Q Unit of Hardness (measured as if all is due to Ca carbonate)

* ppm
« mg/L
 grain /gal =17.1 mg/L ot AT
: Y p: ?
Q Turbidity — alk P}’f’("" ] i s ,e; o L

suspended insoluble matter in water —~

Q Softening - Wardness  318); ald
processes which remove or reduce hardness of water

) ',J‘,fi J‘ 1’_

CE,-LA-\J
Q Purification

Removal of organic matter and microorganisms from water.
TS5 D, TOS Y onmd

mm'croursqmsm BANNS o

Problems of Hard Water

O Salts of Ca and Mg give insoluble precipitates with
Soap ~ o C‘J_)—-(ﬁ)la-bl- lc:/u_S Q),__s'—' cL«_-LJ,-D ~s-LoiL d,.,_ L;—‘L-u'{{.

Saf} J) DL«JM,Q i v s LB1) D;‘; "‘8"

-~

EI Ca sulfate, Ca carbonate, and Ca silicate form

boilers. = —» W SIS g e
ap Bp s e el | e ?f’

O Mg silicate and Ca carbonate may reduce heat '/ j&- &

transfer in process heat exchangers.  wx o olF —4f = ﬂ»f
’ e
O Treated waste water can be reused for: ‘Jf g s

. agrlculture i 49 a,,gﬂ a2

\‘_/):.A.U CLL)T 0 ))o"‘ab[e Lk

d&c‘jclﬁ N :
* Non-potable domestic applications.
o 27 ’\’RL;}W wy(s pekable gd’/GJ
Md/ J/J"‘u") | Pa/qf'ab/é i

ST

Scanned with CamScanner



Methods of Water Conditioning

\:S;{\é\ \})l:u-‘\]
1) lon exchange

. handness JI & M
2) Lime-Soda process
3) Phosphate conditioning
4) Silica removal

excess level \Po E»,.,--.i/_:if{cgﬂ)'

5) De-aeration — D1
6) Demineralization and desalting
7) Purification

Y7 'J;v/) : g
Jagnk 2 ,;ﬂ/ &2 L5y

(1) lon Exchange

= Jon exchange is a chemical reaction in which a mobile
hydrated ions are exchanged, equivalent for equivalent, for
ions of like charge in the solution.

Solution cation Solution
anion
Mobile cation e

Fixed group (—ve)

Fixed group
(+ve)

Cation :
Porous Solid Anion

Exchange
(zeolite, organic 8 Exchange
resin, PSDB, etc) 9
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. Waterto House
—— (Soft)
=l - Timer-and-Valve Assembly

Commercial softener

lon exchange resin

SOFTENER SALT

Regeneration salt
used to prepare
brine solution

- - L_..-A-“L“"J
i), \;UJL Jﬁ)’l‘ Column It +ve s 10
W___{w \,\qraﬂes;u?,) (ﬁ e e Of/ \—Jw';_.),
O \ep S ped % " 2 T B
lbfjme 2’"@ i)+ 2! "ﬂf n Exchange (e Uf

P s - &

Regeneration

Water Softening Operation

Suf‘f?qr@Jﬂw
~ lw{jaﬂJ
H94 cq )L’/:u-‘«' \ q."\_;,)‘:q:ﬂ

Recharge H

Rinse }_
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Na — Cation Exchange <= /"

lion & rov
ay,)  (to remove Ca and Mg cations) n«faenfr‘f -

> hardness?!
Softening: uses high capacity ion-exchange resins like Polystyrene/ phy g

mﬂ'
Ca (HCO;), Ca (HEOy), :::w
o SO, + 2NaR - }Rz + Na,sSO, ey
A oS,
&\ ae SRR e cl,
“of R 3oRY ey fiotd
L (soluble) (insoluble) (insoluble) (soluble)
J) 550\46‘3 Hard water Fresh resin Used resin Soft water
‘oNS
Regeneration: uses NaCl brine solution P . &"”"“
resin upl E \ ¢ |
1 Ca Ca o
Mgt s = Ap - 1 ONaCl —>2NaR + }sz |
Mg B s b s Mg
5
(insoluble) (soluble) r)(ins;oluicmle) (soluble)
Used resin Brine Fresh resin waste

52 festh il

(esin D\ 5SS ~:9é/’\

tes -2 H — Cation Exchange o7~

a i s ; _
WzSe« A Hi:‘:f (to remove ALL cations) by M3 - =
=% Lo o7 (P aeE Ml 5) NaoH 2
o Jﬁg{gﬂian with bicarbonates SRR
Ca J-vlm'rqrbonm‘e Ca re(JentfaﬁOﬂJ A& = NP 7 5_ J;U
Me \(HCO,), + 2HR — Mg R, + 2H,0 + 2oL %
g 372 | E - pN T\ a‘ﬁf
+ Vi - // S I
Naz Qja.; \53 hidls .li,u,l Naz T{:)/L‘f water Carbon dioxide !
. Sﬁﬁgrﬂ\g Nq- : z
(soluble) (insoluble) (insoluble) Ly chem. fxn: e
Fresh resin Used resin  o‘uer new Gmp ¥

Ereo ol (oMY s

Reaction with sulfate and chlorides

Ca Ca
{S04 e {504 R

Mg e 2HR Mg R2 sz neutralized

8]
Na2 $ Na,
(soluble) (insoluble) (insoluble) (soluble)
: Resin Used resin Acidic water
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H — Cation Exchange cont'd

(to remove ALL cations) ﬂj);(f? JU/, > resin I

£ = z L A/ (/ vp ,"CUU‘;/} _j”J L P{!E /)
Regeneration: using sulfuric acid (H,S0,) u,wp, t),;o/._ F0Y. A"

r/}_}, ffc/
Mo "REESE SO -—>2HR  + Mg r50,
Na, Na,
(insoluble) (soluble) (insoluble) (soluble)
Used resin fresh resin waste
e .
}L?{ }foq/) vy ,-"Uq J S
70{4;?(1:‘0/_’))?3 r/swcheﬂ é U
e
e S
hardness A\~ )”51—“’ g+
A
I I - ) s) s b _
}/{_j % Rl & B o ¢ i )_,.;-;_,.,‘J
L‘-‘-(o)"uﬁl e~ e b
A ‘___.a-ﬁl =) L.- '
__u~(3) Phosphate Conditioning —°>"7,
\osphate ) : i
7 ] \\ardﬂ"s‘r“ QLUJ Superheated . J'.‘ uls”
“J- | Purpose %f;r:"} £leam steam 53 Gy
To internally U :E}im sl
[giave Cdand ’ i e, | 2O
Mg as sludge = | _)
g i g Blowdown E ‘-:: & ?Qeaerrated '\J '
from boiler 5| |52 S bolt et
1 1 E" O b Flue gas
water in high N L )
pressure boilers Eaaenche > =10
for Steam Coal-air ” Hot air Y preheater :
| i Ambien
air
generation Pulverizer / @< header
plants. ' ot sk
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Why Ca*? & Mg*2 should be removed?

1. They precipitates as scales, e.g., CaSO,, CaCO;, SiO,
and Mg(OH), fused together.

__),«u
2. Scales retards in heat transfer processes

3. Also overheating causes failure of metals.

o ﬁ’*“/Pk x/.m el ey enenr aide
\_j*\())\ C »  http://www.lenntech. ae/appllcatlons/process/bmler/scalmg htm
AR &
SR ,
\.-\. N 7"/ ‘;P P
yﬁ’\-’ )}9) m}" i o Phosphate Conditioning
- 3 é\)\f
K04 How to prevent scales?
' i 6/)}( C/d*//' b*
1. By adding soluble phosphate to boiling water Um’uu.w-_f 5
ol et
(10-60) ppm; depends on the operating conditions. o
JJMCJF oLz
This forms a sludge that can be removed

!! L
b )J

(\wlm(»‘l AAL bl

| subsequently by a blow down operatlor?\‘
| bl el =y

LA L =AY Jy'jf'j ;; rfjj; j:
/u“ 2. Blow down: To control the concentration of one or i
c—/*-ng’ v

more natural components of boiler water (it
Iﬁ'esh wate!™

| e L}‘P’
¢y ©%  removes solids in concentrated solutions). Y Lol G2
WJ/;L plow down I &aE 128 l’
e \ =
"WWE&,J’ 5LﬁJJV)/_.JM.&,/"LQJ -
SUI j’
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WATER CONDITIONING

2 Qg ¢ LY i R
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a2 q,ulﬂ.l\ oL.t) ‘; Chapter 3 C =i -

qﬂcL._._g)i ass | f-‘-‘u‘ -
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Why Water Conditioning

\‘\‘\ fq;b N),JJ ‘3/- l.u I-P//"‘&’ ﬁ/—" OL.-L '.!,PL ,JL "L-'Jlﬁ” q._,f_g) o[d-é[,b C’ L:-____,'L’J;

/EI Water conditioning and waste water WLJ e
nHn
an essential function according to moral Iegal and uase .JJ*U/

s,p\

qFcation o
environmental considerations. L Y mii:ni'

V,&, ?1 Industrial waste water presents a challenge that is
_— V) 4
7" considered a key operating expense.  0® && 9T
asnaslp) olradies 3hs 5 oAy bd‘-’MZ""u’
O Some solutions: : reuse of waste water, recove JOf |, ol

295\ ohby 2 qov-clgi 2

= “"“'“J b —Eroducts to reduce cost of treatment, controi of & ) g0
&”’J * “pollution. At g ot S A 2l T

G mslel) S — T L R e arth  majenals s z_,.)""“’ s
QO Water quality varies by location (also surface vs.z,u 22 d"
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; ’é)lkﬂ)'l odl‘.f’[ :
Hard water 5%, Wad wate £ g1

5 g 4 »~ H;C’U'
loo Iy’ l@/!J’P YACE sl chanagel s\ borle thetma! /afocess - 4
| BRI J’ W BN e

U Hard wateris defined as that containing un-_ ot Sl
desirable amounts of dissolved salts of Ca and Mg,-,.». ;jj;ns
&3 ey “Present as bicabronates, chlorides, sulfates, and ;
| nitrates. 0 Ly 9§, ca les | ot ualel L2 1 o
ABBILD |5 ga i, pillpp M BLH R o
T o Lt oM g U g psd B e
0 Additional impurities in watsef & o

M jady § 2oDawt | TN oLy v
1*\;};)}” * Na salts, silica, alumina, iron, or manganese may present. -+ .

. : BUSK SR e h 7!
w3 @’ ¢ suspended insoluble matter (called Tu;'bldfty) 3)1),?"‘/;{9
’a&g‘y@ L2 4 o) \_ﬁ,mﬁuﬁn s\y” g,}/ J!
= LA % Organicmatier & e o ;

* Dissolved gases (CO,, 0,, N,, H,S) — AL _:/b,-:P;’ b’;j/r’/'ﬂ
’egq;ﬁbfr'um NP &

Types of Hardness

Hardness is expressed in terms of the dissolved Ca and Mg

salts calculated as Ca carbonate equivalent (ppm, grain/gal,
mg/L). o g o) " By

@er/! Ay L I
% ' [ Hardness J
serd 3 & K2
&’ pH A & \Ir_jy'” gy
remp Tempora{ry . Permanent
L &S
(carbonate) (non-carbonate)
ey ‘ :
~\, s\\| " caused by bicarbonates of Ca = caused by sulfates and chlorides
45 | and Mg. of Ca and Mg  ad
skable | ® greatly reduced by heating » reduced by chemicals ~» =2-%
compeHh o a2 A S
s Bl
f\r‘"‘pl'? }"’ )\ . 4
| h"’/'" Uk 7
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Terminology

: 3 3 5'} __/9»-*1) *—-;)_y’ )“-\'.'0
Q) Total Dissolved Solids (TDS}. unit ppm R s s PP”’&Q B

Range of TDS: few ppm — thousands PPM 1 AT o2 -3 Jeco ppm
Q Unit of Hardness (measured as if all is due to Ca carbonate)

* ppm

« mg/L

« grain /gal = 17.1mg/L porlicle SZe )3 lor 0

Q Turbidity - q:ha?a P }’j’"("" ; QL ANy (P s
suspended insoluble matter in water -

Q Saftemng - wardhess 33 als

processes which remove or reduce hardness of water
G <> Par" of TDS
Q Purification

Removal of organic matter and microorganisms from water.
B G S Y - ogaﬂfff)l,u./fw s> ardness 4 2157 *er—' o

m{crocrzqusm A o

Problems of Hard Water

O Salts of Ca and Mg give insoluble precipitates with
Spapy. o SrERsIeRs Qs dlut e wal bl gf =
sof} J) olf s | s gD G55, Lg_,
EI Ca sulfate, Ca carbonate, and Ca silicate form
,}Vﬁ"" CJ&ES, scales with low thermal conductivity on

boilers. ~ —» &% (,wpw
. Lap w,z/_/ube—J ,._»\\eq‘r cePE o,

O Mg silicate and Ca carbonate may reduce heat 'y j&t8*
t;g@sigr in process heat exchangers.  nx gL w2t 2 a2l

\_j |‘..
O Treated waste water can be reused for: df dj“ & >

£ _*_agriculture —» —53) ’f”w)w)
uNNC(jC(: i ooling and process water \_/,)':..)Jéwl 3 /;amble “—
» Non-potable domestic applications. '
a7 MECN;/ vyl petable pifes ©
: /_/JU’) ' Pa/q baple 6
.//"“&JJ/ X

S
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Methods of Water Conditioning

U260 L)
1) lon exchange

. haddness 1 @ fp
2) Lime-Soda process

3) Phosphate conditioning

4) Silica removal

extess level b & [T

5) De-aeration - T
6) Demineralization and desalting
7) Purification
Yook 2 2550 T LS
(1) lon Exchange
= |on exchange is a chemical reaction in which a nﬁﬁ:

hydrated ions are exchanged, equivalent for equivalent, for
ions of like charge in the solution.

Solution cation Solution
anion
Mobile cation e

Fixed group (-ve)

Mobile
anion

Fixed group
(+ve)

Cation

i Anion
Porous Solnd. Exchange
(zeolite, organic Exchange
resin, PSDB, etc) 9
P T
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lon Exchange . e
U
Water Softener

Water to House
—— (Soft)

bf'CJ 3 o (_)""“M-JJ
; r';),y &l of J’g"
N _p ol

Ma 2 é?: L4

ATERINGPARTS L,
i e o

—Timer-and-Valve Assembly

Commercial softener

lon exchange resin

SOFTENER SALT

Regeneration salt
used to prepare
mlmhlyl brine solution

Rl 3 : g 3 c/‘:u."-)
2 aess LB.)J“-JL Ju}; Coke Il U A
W—;\w‘ “‘\;" s ‘) W.,mewfg//vfi‘”;y
>ay me \@)xp ved X | TS
lj ef’wwf "“*"ﬂfon Exchange .
e Water Softening Operation
Urkqc _jv{’)w """"""""""""""""""""""""""""""" ~
H94 ca L g ) 4 q"j/‘;’ﬂf J‘“‘,’, Regeneration )
UL’Q.D d){.rJJ q l.f" OA‘J : ® ) i
=2 % Softening +> Backwash  Recharge Rinse =
R S C Drpymngiro o by et
reqen .. i Q_} L {f{:‘:_/_‘f_‘) ________ f:'::r‘.ﬁ’::‘JL.ce:e.?P"J ________ i \(‘_f_
J /C'q )\Modfl hﬁnc-” Mjfff" tre:w EP_)'_")L_;J\]MJ,
chprr MgV NG 28 py w STy bed I
Nole
::::;iy ; Eg““ ¢

Backwash Recharge

Drain

Brine L

Tank

Minerall
Tank

—

)

N T e T B T
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J& l""’"ﬂ: ht’cc))l»’” U,’ C.’.J—’J \—)w JLM";("’"

J(. A c.—-’o .,)) rot O)‘.‘ tf‘ CJ-\-(!J gd Con}ﬂ"’ j’fﬁ
TesiN s EL‘ Surfoce.nw_,t, (esPn .\\L;-' ______..-L;f) w’u"

,}j R e L TN dag r227f ~vs e resin )_/u&

(a.( )LZ:.“/ resin Ji CL‘ yf/@_),ﬂ -2
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Na - Cation Exchange 7 7"~
an;)  (to remove Ca and Mg cations) rageec j :

~> hardness !
Softening: uses high capacity ion-exchange resins like Polystyrene > P j

oD
Ca (HC03)2 & (HCO,), 1.:»“'?
" }< SO, + 2NaR —>Ma }RZ + Nads0,. - P
/§r EL il 5 Cl,
- FaAY  wa S Pt D ~
/ (soluble) (insoluble) (insoluble) (soluble)
Soft water

& ,;awc‘; Hard water Fresh resin Used resin

iofs
Regeneration: uses NaCl brine solution P {M
1

Yesin I Apw )/ Ca Ea A
M9 a2 3> }RZ + 2NaCl —>2NaR + Mg}CIZ ]

Mg R Y 85
e
(insoluble) (soluble) (insoluble) (soluble)
Used resin Brine Fresh resin waste 12

Yesin I\ w"ﬁf P o 2 fesin &J‘_j‘ ”

| wptes 2o H — Cation Exchange 9o o~
o MNao e

]

st
T CE (to remove ALL cations) :
ity ,re’ﬂpl Lp.,PM'_,__; Hcl ) NgoH
st 3 !
”__)_:J{Rﬁfgglon with bicarbonates s iy gherts H 28

Ca rcacncrqﬂonJ R AN

Ca J_ybgfﬁ?fbcﬂqfe
Mg Y(HCO,), + 2HR — Mg iR, + BH0 + 200.| ‘3

Na B H L -EA{JIj Na " :,,Lf X L
2 QQAJ S'-fffua‘.:",:f Uq 2 o>k e Carbon dicuide
(soluble] (insoluble) (insoluble) (s chem. fan- s
Fresh resin Used resin  otuer new Gmp: £

4 W) Y, (COL) B S guk 6{.-’

Reaction with sulfate and chlorides

-

Ca Ca
Mg e + 2HR — Mg R, + H 50| 1o be
Cl B . Cl neutralized

Na, ? Na, 2
(soluble) (insoluble) (insoluble) (soluble) )
‘ Resin i Acidic water

Used resin
13

——— i =
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H — Cation Exchange contd

(to remove ALL cations)

ﬂj),(q Ju/o/b sl

. . 2 A P aonspyes b efF )
Regeneration: using sulfuric acid (H,SO,) “’fj’,d, s ﬁo/- 7oY. n”
r('jg, 96 /2
Ca Ca d"'/"‘g" e
Mg +R, + H,S50, —>2HR + Mg SO,
Na, A Na,
(insoluble) (soluble) (insoluble) (soluble)
Used resin fresh resin waste
POVISAL SRl ~;*’:i‘ -’fj;ﬁ-;' e
‘F (lroﬂa‘f j "“/0 217 A "
E a5 surfaces 6 g
Mo s e st b"”‘-" ‘FM(?'WL
hardness A~ Iyt S
' (3]
" LLL IOO “~ J| s J‘W ) 4
ﬂj;?cq u—"’U""’JJ = Ay / Hzgaq‘) j—’" 1
\-D(m\:\.ﬁl ——— . " 5 5 it
r s LP
- (3) Phosphate Conditioning ==,
\noS ‘wﬁ‘-’ N U—_
(dﬂes-f-” 0"‘"" Superheated o\ g " LM
=7 7\ Purpose:: st T 5
r
¥
To internally ﬁlmr s
rEMaveEaanc 2 S| B, | 4~
Mg as sludge i S| J:,‘.QJI
f b .I Blowdown g 0 <« ,De?"’?ﬁgter
rom polier 5 =2 o _boiler fee
water in high A §§ s Flos gas
c == L
> 2 N’
pressure boilers 8| ¢~ o
. 1
for steam L it
generation Pulverizer
plants. Pl YAy
http://en.wikipedia.org/wiki/File:Steam_Generator.png
16
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Why Ca*? & Mg*2 should be removed?

1. They precipitates as scales, e.g., CaSO,, CaCO, SiO,
aﬂg& Mg(OH), fused together.

2. Scales retards in heat transfer processes
3. Also overheating causes failure of metals.

\
\f(ﬂ ( »  http: f/wwlenntech ae/appllcatlons/process/bmler/scalmg htm
/ a3 o€ f}) U“LC Le._,v)v& hard Waler Ab-fu‘ w 17
:\)3 .,\;i/’j (Q;)’r bietnal tnfk~ NS surface Iy d‘P" o
o 2 B Phosphate Conditioning
= \ a7
T4 P How to prevent scales?
e O/b'( C_,..SU‘”/' bl
—‘,j/ By adding soluble phosphate to boiling water ucu N
hesph® S e : P PRI
i (10-60) ppm; depends on the operating conditions. &;51
jf'fﬁl Lo L~

This forms a sludge that can be removed ,
¥ S & ar by

Y
subsequently by a blow down operatlo/ﬁ\* A5 1La0l A ALl

A X/LpWMLu—JH—-VJWW

))/u“ 2 Blow down: To control the concentration of on

more natural components of boiler water (it ot LLp)

H’cs’ﬂ wate!™ _
- w85 removes solids in concentrated solutions). U"”-:#*L;WJ/ U

%;‘,,-_//VPL blow down I &AE ')J'Di‘
ﬁv@w‘g 5LN}(;,LQ._/’|L£{J el 1
sk S~
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excess 5 \o 2}2 —oupd L _a'/'./d}/ borler JL

b/aw down d—ﬂ" _.J[

-5 Le bofler
= one sheam 7.
s overtlw stream > 5 leam
= bottems Shream - hﬁ}) S/qa)ie

w-‘-QJU‘“JC.--'-‘—-‘“‘_f Slt”lrj ol ‘)
LJE""’J' faq/tnj. g& I qu-)lﬁ'fe

!chfe.r Il é’,/g

L«:'vd’ _)z,é)_}' TDS WL Set /Jm"nF L"HJ bo,"/er.lb u" ""yr
G bafler L s Rl bl . R 2L
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Phosphate Conditioning
How to prevent scales ?

* The amount 0
e S o f regjerve phosphate required in boiler water
depends upon the calcium content of the feed water,
boiler pressure and the type of boilers involved, blow
down procedure, and the chemical feeding method
employed. |
« Maximum and minimum phosphate control limits are
normally 10-60 ppm. Loss of the reserve of the phosphate
must almost inevitably result in deposition of calcium
scale. Therefore, you should never hesitate to increase the
feed of phosphate whenever boiler water phosphate
, concentrations run near or below the specified minimum.
2 T ; e L3 ml,«‘- Iy azlas -v"r"u‘{fr’/ﬂ#-
caqh‘njdﬁ YR e pe —2 J*
s ol Cq:/ 5@/PQC€ Jld SC'thj £y
Phosphate Conditioning

e Types of Phosphates Used

Different sodium phosphates are used:
. Orthophosphates, such as trisodium phosphate

» Complex phosphates, such as sodium ¢ T waf
hexametaphosphate SL 257 0 F o anh' = Gorrosion [5€aling

Ae'> Sqfﬂ?re 3 C o 2 st Nard s “__ﬂ.silg., 65 (oal‘!ﬂj towels _‘9 boilels ?’l‘p
Fhelmal umuL e ole g p
Sodlum phosphates are widely used to:

1. lnh|b|t CaCO, precipitation in heated water. -» ca~01 6 &
2. Minimize corrosion and pickup of iron by water in: -

ol é—-—‘ e
a. Circulating cooling water - closed system wad) LYl
b. Plant water distribution system satface 2 & S

c. Municipal systems

20
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A(w\é‘ Z‘f s vt s AL, ¢ gqfﬁe: —g’_r/’ =

aph'-- chhiaji ank’- Cultostal o T2 0 '-'-'1‘2; Scale ) d;-' as

Scanned with CamScanner



Phosphate Conditioning

Types of Phosphates Used

Different orthophosphates are used depending on pH of

the boiler water: ‘
1. Sodium dihydrogen phosphate (acidic) NaH,PO,
e

3 > Jrzp '
i 3CaCO0, + 2NaH,P0, > Ca;(PO,), + Na,CO; + 2H,0 +2C0,

~ 2. Disodium hydrogen phosphate (weakly acidic) NazHPOﬂ i
5‘-_,4-)!'1-1“‘ ers ank’ 5‘:‘1"%8 maletial &5 |5 £ .:9) "U'I_a" J{a}f‘___g /J_?,;_; &Soailum PboSPha (=

& )
et s B Trisodium phosphate (alkaline) Na;PO,.

. ur)lr“m
= e 3CaS0, + 2Na;P0, - Ca;(PO,),\ + 3Na,S0,
T oaiu '3
o omespt e 3Me(OH), +2Na,PO, -> Mg;(PO,),J + 3Na,SO,
PJP- . & 2 e
i

r@f

www.expertsmind.com; Chemistry of engineers book-page 92
21

Sodium Hexametaphosphate

T Y (NaPOS),
« acommonly used source Na* ‘O it O"Na*
of orthophosphate anion 0:);';‘ cl?;?,o
used to precipitate calcium .+ 'o'g‘ " ,(F';\O‘ Na*
in low pressure boilers. Nt dP\O‘ Na*
» With dispersants the calcium

phosphate becomes a fluidized
sludge capable of being blown down and out of the
boiler before the calcium can form a deposit.

22
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A IV 2 e

Z e A2 N oge
ww <o) (4) Silica Removal
A GF
* Silica.is not removed by H-cation or Na-cation
exchange. il
* Silica is partially removed in lime-soda process. ~ Heatmenk
LSS V5D e P v Swf(q J,N’ S - \__/_.dl));) N;EU—

° t ol L o
It can form a We dols b Do M,ayb quw‘:jd‘f{”_’,

* It can be removed by: 9o pl e

ﬁ:,;j\? —the use of dolomitic lime CaMg(COs), or activated
& magnesia in the softener, which lowers silica

g2 e Lt
Fhefmal ' & CONCENtration, then blowdown is applied.

Pk . e . :
)wqr-";;u L — Demineralization, which produces water with only

— /‘W 5
~ @) traces of silica. (G atueg use  +ve Ave YT

\ " s ket
o 7! P e FUEE

l;ﬁ k:f\:"" Ha¥yol  Hel 2 i A, Maa’}‘.‘m'- ,M 2
14 ARl T fimeH 4 aw GV
" : 3
2 : ‘a ®  O2 N /4.‘7_
G i (5) Deaeration =, . ¢ &>

Cotfosian s 30 oxidabion I apf e e @uf2 24 ©2 I (r;/ :
« Necessary to condition water properly for industrial

boiler use.
« Dissolved oxygen hastens corrosion.

d’t‘j(? Iron water corrosion accelerated by oxygen under
.7'_:'*;‘ alkaline or neutral conditions:
»

o " Fe o Fe?t +2e (anodic half reaction)
0, + 2H,0 + 4e -» 40H~  (cathode half reaction)
Fe*t + 20H™ - Fe(OH),
2Fe + 0, + 2H,0 - 2Fe(OH), (overall reaction)

25
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Deaeration

How to Stop the Corrosion? =<

S xN )|
« By removal of dissolved oxygen. yaf syshem A §D JLou

bVl e

. By electrode polarization. - ¥ &' &Y Si s cifcalF

CalfoSioN & p) Yo SWL raﬂof""” g A

By organic inhibitors.
%'VWWJ[J}'E MUU(JM

» By protective salts: chromates, silicates, phosphates,

Gertic Shuctare 3y = | g, rhace N P d)w

alkalies WD ) g L

— They act as anodic inhibitor by forming a film over the
anodic side, and thus interrupt the electrochemical

sequence. Cottosiond. Scaltng CSTs bhermal un't I Lels
_/VP) A2 chh“na ﬂL.a_Jv-PJ il SY 2 CvaS“’”J g Sc‘qlffg A Lebss

Caﬂ’"”ags <Lls

Deaeration
How to Remove Dissolved Oxygen? .. s

. =5
. By spraying or cascading the water over a series of ﬂf ’

trays contained in pressurized vessel, with steam , , o ~~

rising upward. g £s ALY D0 g g 67 sl oy
am D
— In closed deaerating heaters (105 °C): "~ 3“’ 44 L }},‘E
dissolved O, content will be lowered to below 10 ppm.

« Complete deoxygenation can be achieved by using
w 342 - OXYgen scavengers:

é (W:T Sodium sulfite: 0, + 2Na,;S03 = 2NayS0,
il '_ Hydrazine hydrate: 0, + N;H, - H,0 - 3H,0 + N,
oz' I\ s
o )) 2
¢ 2 yV
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(6) Demineralization & Desalting

» Read the related section in Shereve’s textbook and
answer the following questions:

— What is the difference between partial and complete
desalting processes?

— Write down 6 different methods used for desalting.

— Define the performance ratio.

— The book states that the largest desalination plant in
the world is being built near Yuma, Ariz, and is
designed for a capacity of 360,000 m3/day. What and
where is the largest desalination plant in the world
nowadays? What is its capacity. Write a one page
(~300 words) summary about that desalination plant.

f"’})l‘:—})p‘ - Z\le]l
ler ¥’

e it B

Demineralization & Desalting

| ‘ y & 0. a)
v Elachro s (ED) o oy

_},tg//?’ bk
q’,\)}» lj,‘-ﬁ ep

membanes

. 4o
Pl 'jsa; c
- ’- d. ff B Y
a2 9V giee | | 1R e sl S
; W Pol 0| | - / 159
o Ll T ool o TS ATV g 209
— ' ‘0 Al e .
ML‘TD’L/"”C" gf‘:; Z+ 6 L membranco auf
- = ;f\: 1 = ' ~
i 8 1 unp v G
i (- | a2 -2
S B sl
‘ 45"}21)3.5 N (+ve g-ve) resin 7
e ) 1 5 res s Wy
EANAS {f& Concentrate _ water ) L ancde A5 =
- Or “ o 3/ stream Calhe =
3 stream ¢mp) Q0 "ummnn’” 2" 45 [ Freshwater Channel O'u}
[C] Brine Channel g}b_})l E\__,:\.
ELECTRODIALYSIS SISpnssiesdvy Mombrane e
R L R E Anion-selective Membrane (-).APJ)) as ' |
men- e, s
DAafAarAamen: httn-hansnar canara FiAanRrArAREAr AO " fﬂﬂnmkrﬂnﬂfﬁﬂT ChaCN 1 htrm 29 =
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/ JIPW e Demineralization & Desalting

s )
57 ¢~ 15 Reverse Osmosis (RO) _ mc’mb" i

el s 25 o
-,'(7
. Utilizes the application of pressure above the ﬁ’gt f"i}ip,

osmotic pressure to force pure water througha ., Z

semipermeable membrane from the concentrated w",._jfc

brine solution. W oMy ¢ RO D L, o F

f0 ) < stf’__,,,,/d__, A1
/;15) $& G Je &

_JJ’ L{/MJ.»-‘J-—’ Ro 4 “"/_fe)

* Two types of membranes:
— Bundles of very fine capillaries

— Spiral-wound sheets d‘/ o ey
5 ) ycfahn é()‘"" a / '
 Membranes material: an(z i fot P s 55 T NEVRD

— Cellulose acetate = for bracklsh water echiate crben &
a2, # ‘,qp al oraqmc u”lsto,_J

— Polyamides -2 for seawater, ,B) bl 1ol hp i
OR _,D.e; 9N hqrdnc’s; a1 Jg/-——-*’ ge

30

oﬂt’vf}’t’qm ?042'
buwo skream wff’f”‘f’

Demineralization & Desalting ] df Wip
@WU’ sSis — Reverse Osmosis (RO) 7 zw L 5o
aJ.r-Mp_,ﬂ/ e : WJ{’I’ 5012

)] SaU((e‘ N

T0 POST- \
1%

oEawIng

ARRAY:
4 pressure vessels x 5 membrane elements

Brine Concentrate

V ,p@-’ ,‘Pt_\' Perforated Contral Tube
Spiral Wound Sheets pELT P ot u:p\
Lg,TDj I 3 EM, O_E'LI 4 '.5.- T ::":.::_:_:.-:'-' ...... \,E/,'-’; ‘2)
\50 M’(_F'} 5%, .._:'.E-.*-? T . fd‘};r”
Ay
I
ng__/J\}‘ ’“’2‘!‘) & UC | m
s (g gD o T o "
0P MeSh J”
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(7) Purification - g5
« Usually necessary to produce potable and sgjqw,g;gr G5
P T N r} W fah

L1 52 Coagulation and filtration through sand or hard coal "<
18— fao‘/‘+ oxidation by aeration -> sufficient to remove k
" organic matter (and some mlcroorganlsms) —~ i
, oo, Bt

e Further chlorine treatment mlght be needed - :
b‘_?;-‘) !y’f;l mcbofaqm.sm: gL ASL‘J wr

Studi/ngure 35 and make sure that yau lmaw what

every and each unit is used for!

q},lﬂf‘-\ )_._S'J/ iy"q . »
\ G -~
¢ hemicd MJ b wﬁfii P

e
+9° T~(2) Lime-Soda Process - !

on’(fc)”mj oﬁ/dh‘.’) ___J,;, C hemicals c;v*ﬁ-) «

= Lime-Soda process: is a chemical reaction used to reduce
‘___./)/1 ol q)i_.)g.._-’ﬂl-[. PH 51 sle, PH ) ZLEJ__;- g/goHd,(a,)hmEJI M (i

hardness from water.  =.,0, S B S \adtess N g Laa BWL
PHON UG v sz DS Las

= Lime = Ca(OH), 5 Soda ash= Na,CO,

el Skl R
= This process is now obsolete but was very useful for the

treatment of large volumes of hard water.

= Addition of lime (Ca(OH),) and soda (Na2C03) to the hard

water precipitates calcium as the carbonate (CaC0,), and

magnesium as hydroxide (Mg(OH),).

34
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®» Partial softening — uses cheap » For conditioning boiler feed water.
lime. .
= Operates at a higher temperature
= For conditioning cooling water so reactions, coagulation and
that contains Ca bicarbonate (scale precipitation are faster, and gases
former), and paper mill water. are driven out.
= Needs addition of coagulants ral€ 7.Cand [y B3I s Ua B
I
=Disadvantages: produces bulk process —*
amounts of sludge; disposal is 2, )81 20 ©
expensive and troublesome. sa//%fe awa h g ©
&,
cost 'f‘?u sqflﬂae areq i 0/‘1/ TR (:,/aaﬂ- Ow?:

'Lime Process Reactions

« Aslime is added to a water, it will react with any carbon
dioxide present as follows:

Ca(OH), + CO, > CaCO; \, + H,0 i)
« The lime will react with carbonate hardness as follows:

Ca(OH), + Ca(HCO,), - 2CaCO;  + 2H,0 ene(2)

Ca(OH)2 + Mg(HCO3)2 - Mg% + CaCO, b+ 2H,0 sl 3]

* The MgCO;, in eq (3) is soluble, so more lime is added to remove it:
Ca(OH), + MgCO,; - CaCO5\, + Mg(OH), & ... (4)

* Also, magnesium non-carbonate hardness, such as magnesium

~ LS (qfos I pd o Zufls
sulfate, is removed: —»
r2 * rrl.)-" C‘Q.S"?GQ"WJ

1%

Ca|BH)y + MpS0y»'Cas, #MelOHl N - ) ARERl (5)
Py &w 5B ) udﬁ:,)z)
)\
by PmJuc!',SJ oplermichefe (x5
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Soda Process Reactions

Lime addition removes only magnesium hardness
and calcium carbonate hardness.

* In equation 5 magnesium is removed (MgSO,),
however, an equivalent amount of calcium is added
as CasS0,.

« The water now contains the original calcium non-
carbonate hardness and the calcium non-carbonate
hardness produced in equation 5. Soda ash is added
to remove calcium non-carbonate hardness:

Na,CO, + CasO, -> Na,S0, + CaCO; ¥ s ve+(6)
S0l ‘35\";;’? \____.—/J:'/ 37

e g T/ot Lime Soda Process
* The \\Zzte—r to be purified is treated with chemicals at
a temperature of 95-100°C. Softeners used may be
intermittent or continuous type.
(a) Intermittent type (Batch process)
« Similar to the cold lime soda process except that
heating coils are present for heating the water.

(b) Continuous type =ww=-= Jowd 2 > -

~ ' s Saﬂmffé L .
’Iﬂjcl g ai efE Ny
i e
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/' Hot Lime Soda Process

(b) Continuous type

It has the following parts:

i. Reaction tank: The central reaction tank has three
separate inlets through which raw water,
chemicals and superheated steam is passed and
then mixed together in the reaction tank.

ii. Conical sedimentation tank: In this tank the mixed
water enters and the sludge settles down.

iii. Sand filter: Layers of coarse and fine sand act as
filter which ensures complete removal of sludge. A
soft water with 15-30 ppm of residual hardness is

obtained.

= - e PR —p— e —
o e e e i e e e T T e s S e s e e . 39

Raw water feed inlet ==,

JﬂhMﬁ?ﬁMi
N THERTH I
Super heated -0} & 1w/ 1\

steam inlet ) ‘”‘?"""""‘—-—3- L4 ==+ Chemicals {Ime + soda) feed inlet
“ "'Is 1w '1_‘1_"! 1_51 ﬂ
Reaction —— — — — —/ e Softened water
tank PN =y =
. Lok, Gl I Fine sand layer
Conical g L Y o e
sedimentation o Coarse sandlayer
d N Sand filter
tank f oo Gravels layers
Precipitated sludge 7/ :
[CaCOMg(OH),) {1 Precipitated | 1 Filtered soflened
7] sludge outlet y ~ water outlet
AR R RRRRIRTRTTEERTRTEREETEETERRRRRRRRRRR
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continuous Cold Lime Soda Softeners

i. Conventional type
ii. The sludge blanket type
iii. Catalyst or Separator type

H-l Draw off valve -
for enlarged catalyst

41

Continuous Cold Lime Soda Softeners
(i) Conventional type

e Raw water and the required amount of lime, soda and
coagulants are fed at room temperature from the top
into the inner vertical circular chamber fitted with a

paddle stirrer. Driving bett

Chemicals Motor =
(soda + lime + coagulant) \|[——Raw water feed inlet
foed inlet s\~ —=— Filtered :ﬁ.cfﬂanod
. - - ) water o t
(%)
Vigorous stlrfmg s _
ensures continuous ——— Outer chamber
mixing; Stirrer paddles |__—Inner chamber
e Softened water is
allowed to come Stimer — =L 3
into the outer
-avYi Sedimented sludge
co-axial chamber. et

42
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/ccntinuous Cold Lime Soda Softeners
(i) Conventional type

e Rising up the water passes through a wood fiber
filter where traces of sludge are removed.

Driving belt
Chemicals Motor _—g—

(soda + lime + coagulant) \|[/—+— Raw water feed inlet
feed inlet Zepunes e s Fitad solensd

o Sludge settles in woodﬁbreﬁ"e;-— !
the bottom of
the outer chamber.

Outer chamber

Stirrer paddles~| Inner chamber

e Softened water is Stimor — et .
removed from the 1 e oo
outlet at the top. 1. Deroa )
Driving belt
Chemicals Motor .
(soda + lime + coagulant) —— =\l —+—Raw water feed inlet
o ———>—» Filtered softened
= water outlet

<«—— Outer chamber
|__—Inner chamber

Sedimented sludge
CaCOg, Mg(OH)

S S S S SSSSSANY
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g';;ntinuous Cold Lime Soda Softeners
/ (i) Sludge Blanket type

e |t is similar to the conventional type but the treated
water is filtered upwardly through a suspended
sludge blanket composed of-previously formed
precipitates.

e Some lime is wasted in the conventional type as is
carried down with the sludge before it has time for
dissolution and reaction.

e Silica is better removed in sludge blanket type.
e Retention time required is one hour as compared to

four hours for the conventional.

Reference: ; B
http:ﬂwww.transtutors,com)'homework-helpfen_gmm_mﬂgmg-of-waterkontlnuous-sof‘teners. pX
45

Continuous Cold Lime Soda Softeners
(iii) Catalyst or Separator type

« A conical tank is used which may be open (for gravity

operation) or closed
(for operation under pressure).

* About two-thirds of the tank
is filled with finely divided
granular catalyst which
may be green sand
or sand
or graded calcite.

Chemicals —r } \ W

-I-I-l Draw off valve -
for enlarged catalyst
46
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Continuous Cold Lime Soda Softeners
(iii) Catalyst or Separator type

« Raw water and chemicals enter tangentially near
bottom and spiral upwards through
suspended catalyst bed.

* The sludge formed deposits
on granular catalyst which
grows in size.

« Sludge formed in granular
shape can be drained
and dried rapidly,
which also makes

it easy to handle. H %m;;ﬂmm B
.&c’,}@\ S
wewf’ﬂ :
A ,S]oda Process Reactions
s LN 5

Tn-quS

e Precipitation of CaCOj; requires a pH of about 9.5; while
Mg(OH), requires a 10.8 pH, therefore, an excess lime of

®

about 1.25 meq/l is required to raise the H, s @xasdr
——_S_ex(fﬁq valqye q WPN 4 pPH -1 '

e The amount of lime required: lime (meq/l) = carbon

dioxide (meq/l) + carbonate hardness (meq/l) +
magnesium ion (meq/l) + 1.25 (meq/I)

e The amount of soda ash required: soda ash (meq/I) =
non-carbonate hardness (meq/I).

e After softening, the water will have high pH and contain
the excess lime and the magnesium hydroxide and the
calcium carbonate that did not precipitate

4054%3 punp- sz) Soda ash s \yme ) ':::J\-*'-*’f)'J

mass J) JF PG g =8 PR Ll
. Volumedrnc Flow rafe A
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/

_ me soda ’I Recarbonation - g2y~

S Prarf's.f
L el
* Recarbonation (adding carbon dioxide) is used to stabilize the
water. The excess lime and magnesium hydroxide are
stabilized by adding carbon dioxide, which also reduces pH
from 10.8 to 9.5 as the following:
sptem 2 geu €l €70, + Ca(OH),  CaC0; ¥ +H,0
NE p ~'—~ "C0, + Mg(OH), > MgCO, + H,0
* Further recarbonation, will bring the pH to about 8.5 and
stabilize the calcium carbonate as the following:
€O, + CaCO, + H,0 -> Ca(HCO;),
e Itis not possible to remove all of the hardness from water. In

actual practice, about 50 to 80 mg/I will remain as a residual

hardness.

3551 75

Chemical handling
and sludge handling
are critical issues in
Lime Soda Softening.

References:

http://textilelearner.blogspot.co

m/2012/06/lime-soda-water-
softening-
process.html#ixzz27b9iadUH
http://textilelearner.blogspot.co Water Softening Unit
m/2012/06/lime-soda-water-

softening-process.html
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Wastewater
Treatment |

Wastewater Treatment

» Purpose

» To manage water discharged from homes,
businesses, and industries to reduce the
threat of water pollution. |
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% ’bf Pretreatment Program Requirements for Industrial Waslewater . 429
Ols” 1315 pher ] = L liv wlaifle ol S @ LRl
o A N A i e e |
acrd cal) p  Swpeaded  Biodegradable Nutrients -'L:JDJ‘ VOCs Refrctoryand  Metals  Dissolved
Solids Organics Oil & Grease Scmivolatiles £\ i
Contaminants A 2
» Screcning o N P NandP =
« Grit removal ‘fj v | S
* Sedimentation - f N
+ Flotation 0"‘“ + Biol.P * Dissolved /
s Chemical air flotation » Carhon
addition * Gravity »
Trealment Low-strength separali
;;‘m * Alﬁvlcd =
sludge . Z ;
 Trickling ) C::g PXITS
. . Iﬂ . ‘.
* Cherica « REC: et
Ml.l.r'.!.lin?.inn * Lagoons * Biol. « Biol. Nutrient | 2T T,
* Equalization High-strength :ii:ifmtkm Removal <A 7
A &U_:_-uﬁd x ractors [ | Deitrification e
L pu-dlci-; » Ammonia adsorption
ALF Pl A-Sherobic sripping ~~_| >
. % ‘/ - Bl‘l:alml > [J_cb-u/ M(‘R \’
an - \5&) [;L.,ol Fixed-film Chilorination ' 7>
‘X,‘_ + MJ‘ ~r \.@“\Ebo‘?""o“

e s 4 : r
AN E S Gndihon® ot ok UW ab? SL ’&DJ'P)L 54@5&? Ji

Wastewater Treatment Steps

r '"‘J'Z‘;”’f b"“ S S cdw“ perlim

Q.’: o\ 3

Preliminary

treatment

sl E}Jl’ :
pagsh ¢ w
../_J)JC T

 pwisical  Aveadnent

Primary
treatment

b ioleqical « S
econdary
g q g
L treatment

a

Tertiary treatment: sludge

~ (biosolids) disposal
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Wastewater Treatment

» Water discharged from homes, businesses,
and industry enters sanitary sewers.

» Water from rainwater on streets enters storm
water sewers. Combined sewers carry both
sanitary wastes and storm water.

» Water moves toward the wastewater plant
inarity by Sravity flow = WP o A

K, ‘JPETS 3’» < eidig o e
) Lift stations pump water from low lying areas

s :
over hills. domt L) 2 L ) « shale %jsipm

/ ST A 0" 5
| _:U'r-}-' Z QP e O D ol o cmb?ncJ

N s e 5 R ks WS S
‘-—-""W' ,L‘-l.--" w ””Jci‘" FJ-‘ ~ s

Pre-treatment

» Occurs in business or industry prior to
- 1g P2 e P _¥ ._w___-;, e ;
discharge ZAF=rle -0l

s 1 g8 T 2, S oS
& - 2 ' ) 1
» Prevention of toxic chemicals or excess
»
nutrients being discharged in wastewater
R

J= dyd oGt -y B3l Y
. : il adive

ik A o e il e
EE s wd ztwb

SN Yo S0 e BT
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Preliminary Treatment

» Removes large objects and non-

degradable materials

» Protects pumps and equipment from
damage

» Bar screen and Grit chamber are used

Bar Screen

» Catches large
objects that have
gotten into sewer
system such as
bricks, bottles,
pieces of wood,

etc.
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Grit Chamber (jlx>9 vl ))

» Removes rocks, gravel, broken glass,

etc.

Mesh Screen

» Removes diapers, combs, towels, plastic /-

bags, syringes, etc.

Preliminary Treatment

Bar screen o

PRELIMINARY TREATMENT
To remove debris and gt

—— - — —— e - ———— -—— - -
- -— —— -—e— e o wm me e -
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Measurement & Sampling of
Inlet Structure _ v &

» Flow meter continuously records the

volume of water entering the treatment

plant

» Water samples are taken for
determination of suspended solids and
BOD.

Suspended Solids & BOD

» Suspended Solids

» the quantity of solid materials floating in

the water column

» Biological Oxygen Demand (BOD)

» a measure of the amount of oxygen required
to aerobically decompose organic matter in

the water
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Suspended Solids & BOD

» Measurements of Suspended Solids and
BOD indicate the effectiveness of

treatment processes

» Both Suspended Solids and BOD decrease
as water moves through the wastewater

treatment processes

Primary Treatment

» A physical process

» Wastewater flow is slowed down and

suspended solids settle to the bottom by
gravity |

» The material that settles is called sludge

or biosolids
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Clarifier in Primary Treatment |

——— i — - B e S - _—— - p— — —r
—— -
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PRIMARY TREATMENT
To remove particulate erganic matenal

o _ Walter entors at center and flows
e QUL over walr Bt ecge, Particulate
organic matarial settles. Constitutea

Fatandodfioat |
lowpand ve |
skimmed oft.

i

treatment ey AIRGEED dgegron

Fenizer Methana

--ﬂ‘-_ﬂ_--d'-------d--
- -

B
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/Primary Treatment

» Sludge from the primary sedimentation

tanks is pumped to the sludge thickener.

» More settling occurs to concentrate the

sludge prior to disposal

Primary Treatment

» Primary treatment reduces the suspended

solids and the BOD of the wastewater.

» From the primary treatment tanks, water is
pumped to the trickling filter for secondary

treatment.

» Secondary treatment will further reduce
the suspended solids and BOD of the

wastewater.
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/ Secondary Treatment
i

/ » Secondary treatment is a biological process

» It utilizes bacteria, protozoa and algae to
metabolize organic matter in the

wastewater

» Human waste, food waste, soaps, and
detergents are some examples of sewage
biological content (dissolved organic

matter)

Secondary Treatment
Microbial Action

» The organic waste is consumed by microbial action. |
This microbial action can be divided into two

categories:
» free swimming
» fixed media filters
» In free-swimming systems, the microorganisms are

free-swimming in the water, so they must be cycled
through the system. After being used to break
down BOD, they are removed from the wastewater
in a clarifier and returned to the aeration chamber =~
or oxidation ditch.

» Packaged plants and oxidation ditches are an
example of the free swimming microbial action.
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gecondary Treatment
Microbial Action |

» In contrast, fixed media filters use microorganisms "\

attached to a medium (rocks, plastic, metal, \
etc.) The microorganisms stay in place and do not \
need to be cycled through the system. Instead, ‘
wastewater is circulated past the fixed
microorganisms.

» A fixed media filter mimics the treatment method
used in a healthy stream in which microorganisms =
produce a slick coating on rocks and pebbles. This |
coating of microorganisms is able to trap and {
consume BOD and ammonia in the water.

Secondary Treatment

e e Em R SR W EE O R S R O A S e s e e R S e - as s s wm G S W SR SR Sm Wm Sm R e oo

| BIOLOGICAL NUTRIENT REMOVAL (BNRY  Excess activated sludge Organisms setlle and bacome
* | SECONDARY TREATMENT : =)
" | Toremove colioidal and  frm———
| dissolved organic material

Activated sludge returns

Distniection,
releasa
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Secondary Treatment

» From secondary treatment, e.g., the
trickling filter, water flows to the final
clarifiers for further removal of sludge.

» The final clarifiers are another set of
primary sedimentation tanks. They remove
additional sludge and further reduce
suspended solids and BOD.

» From the final clarifiers the water is
discharged out.

Disposal of Sludge or

Biosolids

» The sludge undergoes lime stabilization |
\

(pH is raised by addition of lime) to kill |

potential pathogens

» The stabilized sludge is land applied by

injection into agricultural fields
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Secondary Treatment

» Three different approaches
» Fixed film system (trickling filter)
» Suspended film system

» Lagoon system

Secondary Treatment
Approaches

(1) Fixed Film Systems
» grow microorganisms on substrates such
as rocks, sand or plastic

» wastewater is spread over the substrate

» Example: Trickling filters,

rotating biological contactors
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A Fixed Film Systems (_ﬁmy s
oo

Trickling filter .

[nfluent ', i

» The trickling filter does =——p=——1 "
not “filter” the water.
i r.: "Medlﬂ.' e
Water runs over a plastic L
: . . m‘;‘i"ﬂqﬁuy
media and organisms clinging water, "ith
to the media remove organic
matter from the water.

b 4
Effluent
=

» Wastewater is distributed evenly over the
surface of the trickling filter media. As the
wastewater flows over the media the
organisms remove the organic matter from
the flow.

i

Hydraulic or
Matiorized Distributor Surfacr Grahiag
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1) Fixed Film Systems

Trickling filter

» Spread wastewater T

g e v 2 S

over microorganism

ol ,

» Made of coke
(carbonised coal),
limestone chips or
specially fabricated
plastic media

» Optimize their
thickness by insect or
worm grazing

(2) Lagoon Systems

» Hold the waste-water for several months

» Natural degradation of sewage

214
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(3) Suspended Film Systems

» Stir and suspend microorganisms in
' wastewater
» Settled out as a sludge

» Pumped back into the incoming

wastewater

» Example: Activated sludge,

extended aeration

3) Suspended Film Systems

Activated sludge

» Mixed community of microorganisms
» Both aerobic and anaerobic bacteria
may exist

» Biological floc is formed
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)S‘E‘;Jspended Film Systems
/Activated Sludge Process

| Aeration Tank
« Oxygen Is introduced into the system

Aeration Source .
« Ensure that adequate oxygen is fed into the tank™ =
» Provided as pure oxygen or compressed air

Secondary Clarifiers
« Activated-sludge solids are separated
from the surrounding wastewater

Activated Sludge Outflow Line
» Pump activated sludge back to the

aeration tank

r—————— e
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rertiary Treatment

» Remove disease-causing organisms from

wastewater

» Three different disinfection processes

» Chlorination
» UV light radiation

» Ozonation

Disinfection Processes

Chlorination

» Most common

» Advantages: low cost

& effective

» Disadvantages:

chlorine residue could DANGER
Chlorine

be harmful to

environment
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,sinfectlon Processes

UV Light Radiation

p» Damage the genetiC ;.0
structure of bacteria,
viruses and other
pathogens. .~

» Advantages: incoming ——--"":-:;-

» no chemicals are used P

» water taste more
natural

» Disadvantages: high
maintenance of the
UV-lamp

Disinfection Processes

Ozonation

> Oxidize most pathogenic microorganisms

» Advantages: safer than chlorination,
fewer disinfection by-product

» Disadvantage: high cost
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nat can Effluent Treated
water be Used for?

» Can be discharged into a stream, river,

bay, lagoon or wetland

» Can be used for general irrigation

puUrposes

» If sufficiently clean, it can be used for

groundwater recharge

Sludge Treatment

» Primary sludge usually have strong odors

» Secondary sludge have high

concentration of microorganism

» Goals of Sludge Treatments:

» Reduce odors

» Remove water to reduce volume

» Decompose organic matter
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4ludge Treatment

- y Untreated sludge are about 97 percent

water

» Settling can reduce about 92 to 96

percent of water

» Dried sludge is called sludge cake

Sludge Treatment Methods

» Aerobic digestion
» Anaerobic digestion

» Composting (>low)
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/,dge Treatment Methods
‘serobic Digestion

» Bacterial process
» Needs oxygen
» Consumes organic matter

» Converts organic matter into carbon
dioxide (CO,)

Sludge Treatment Methods
Anaerobic digestion

» Bacterial process
» Does not require oxygen
» Consumes organic matter

» Produces biogas, which can be used in

generators for electricity

Scanned with CamScanner



P
/judge Treatment Methods

composting

» Aerobic process

» Requires the correct
mix of carbon,
nitrogen, oxygen and
water with sludge

» Generate large amount
of heat

Sludge Disposal

» Superheat sludge and convert it into

small granules that are rich in nitrogen

» Sell it to local farmer as fertilizer
» Spread sludge cake on the field

» Save landfill space
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CERAMIC

- Reference: Shreve’s Book Ch. 9, pp. 138-155

Definition

/ﬁ‘/) 6 .00 Ceramic Industries , some time refers to clay products
J"“ S\ or s:lqute industries. 1

NN Z— )l SVl aslnp) ) P
4{(\_‘/ /J)LJ._" r(‘.} "“:f_r‘ "-v*bu.f} (iI(!J 3 o : 2

L..ﬁﬁv ) wj‘:ff 7 c# Srrs SH shdbare 5 - L5 Lednd

g0 Ceramic materials are withstand higher ’remperature
oy wc” resist greater pressure, have superior mechanical
A7 "’ properties, possess special electrical characteristics, or

can protect against corrosive chemicals. P Wy Al
B R, S £ ) ¢
PH ~r @50 o o) =2 QG
J()_A}. s
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Types of ceramic products
: - IR A At i,
Ridh

ar”; 3 = =
- f*‘,}fr 1. Whitewares : any of a broad class of ceramic products that are
UGN WP I white to off-white in appearance and frequently contain a
©22 \® significant vitreous, or glassy, component. Including products

as china ware, earthenware, pottery, porcelain, stoneware and

fod _‘ - [ & =l g { a ;
vitreous ware. (a22) %‘r“jﬁj/}/"/"gﬁu 2 p Gy TN SarFace he d”
SNEL Pl
i 2. Structural clay products: building brick, face brick, T—E'.-r-'rq--sgtct_?’
Sl e 4Toever pipe, and drain tile ol _ipu S S,A:
Lo ab3 - : 30

St : i
P T = - - s [ u.& :';_U

(affoﬁ?lfe \_}‘6) ol = GL,'.'I‘L-% -J;}_-"L" Qe ) A= c?jjf".’;—;}f
1,5 -« 3. Refractories : fire brick, silica, chromite , magnesite, magnesite-
r_’,,/,%z/ chromite bricks, silicon carbide and zirconia refractories alumivim

silicate and alumina products. , , _ 4
P (L_j))\f\w’;:e’li) (_f,j/@_’)'v.—‘) q#é,-' 0';’,:/’1 J’ +

“".‘ﬂ)uf{-s _J._B 'A)J&,,dj"‘; \j‘”’ "_"y“""{r"_”) 35’” {‘—-
ehractelies 1p s a_—Lip Jj) PRENEY o -0
Z CIG:J 3\ r"_,j_..««-! —

Types of ceramic products
R PR R e e G P e

4. Specialized ceramic
products. r&f_«ﬁ") o g
L) ‘p.BJ Frad

5. Enamels and

enameled metal. 5

J:’ asfL e Q—?}"lf”{
2,0 ol A 1T T |
b s e
(ﬂ.fL 5lu”:j N
surtace s g reple b n s (=0
a.._'..-ff-t«,"‘/') jf;//“‘ﬁj.) 5,1})‘[9,_;&““)
)
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»
® j{’»//p sual
Raw Materials A e

,. gy

- H7“ Hydrated aluminum silicate | ., .o asl?
| Wf@q}& L RUSeC o5 E E,,,*Jf
Clays are plastic and moldable when 1

= &

sufficiently finely pulverized and wet, rigid g
J)ww’/’; Ze

when dry and vitreous when fired at a fee
AR e

f i _'__,,_._—-—':m_'-"
a2k a0 j»w <%, suitable temperature. L Fr s o
v L = oo “si e '

o }‘(J ap “"9 dJ'J

___L A group of rock-forming of a group of
- + " aluminosilicate minerals that contain
& Axo calcium, sodium, or potassium.

i __ PR Yo kS @_/Glquf =
Zl7 e N Wl s 5, us <SP
~18L “’Lg., ar?

Raw Materials/Minerals

o In addition of three principal raw materials, a wide
variety of other minerals, salts, and oxides are used
as fluxing agent and special refractory ingredients.

'a)L-(- = - 5 2 ‘C_. 3 ; e
E v visesty s g <

Plew
Fluxing agent ( which lower temperature) | Special refractory ingredients
Borax (Na,B40,.10H,0) Alumina (Al,O,)
Boric acid (H;PO;) Zirconia (ZrO,)
Soda ash (Na,CO,) Titania (TiO,)
Iron oxides Chromite (FeO.Cr,0,)
Barium minerals Magnesite ( MgCO,)

Y

Scanned with CamScanner



<
Raw Materials/Clay

or 12
of Lfaré/

{*7
K,CO5+Al,05.2Si0,(2H,0

-‘L Aluminium phyllosilicate clay

&-ﬂs Used when high plasticity is desired — >/ ¢

& 5 - J 7 -
\h\bcafq:’) v J‘S‘IM Q.bb Mj'f i !
(&, -~ b :u /g é,le L % i : .
% PMSJ(Z‘? _,\,; :,.J- ju 5 wM? 3 [_,')/ Lg‘.,- O}J’

(-j—.a"ud_'b Z ) R'_S{ﬁ' .,«LQ/"J sle

< Mff‘f}é #,:} J-QJ 3~

Raw Materials

R e S R O S 2 T e
| nb{(-f/-’;:)/l',ﬁ,/;p é"u}) J"f.{) {;S/

1 Chemical reaction
eV P AL o

K,0.A1,0,.65i0, +CO,+H,0— K,CO,+Al,0,.2510,.2H,0+ 4 SiO,

L g $

Feldspar Kaolinite Silica

adas
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"'&.L‘,"’:P‘ 0 Clays vary so much in their physical properties and in

cle e .., impurities present that is frequently necessary to upgrade them

,i-rljiﬁ/a&p by beneficiation procedure wher?in sand and mica ( silicate
g minerals) are removed. —sd) =) 40 clay i sand- " y—"

: 07 P 8\l san d
1. Physical treatment : 2f =i w GP BUA San

0 size separation (screening, selective settling, filtration and
drying. - hamodtuftS ~las
o Colloidal properties are controlled by appropriate additives .
such as sodium silicate and alum. AL &) LY o el
A i S Goaq. R Floc. - =75 330y
C,,._gjab:'e- O (_froth fI¢:>t<:ﬁ!;§>r_1__),JN iy J

7 Sel A 3 ”
= 9 Chemical purification is used for high purity materials such as

alumina and titania. A ), B ) 5y
Ftontum o x7dE+( Ple? 2L

Chemical Conversion

a o
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- SO, WY ZE b ¥

Burning Process ledris oL) 3y S

as\F  “ P A .H__;)'an Ry g

7 Water hydration (this occurs about 600 to 650°C and
absorbs much heat, leaving an amorphous mixture of
L’QDJ d’/“"f) :,;—‘Léf’; 511’

W st ) wlrs Free Volume 2SS

. e e % = Ls I'I
alumina and silica.) et
crmalPhoys 2

Al,0,.25i0, +2H,0— Al,O; + 2Si0, + 2H,0

:fi .2‘.,..\-" IJ//U./’;
=1 As heating continued, the amorphous alumina changes

quite sharply at 940 °C to crystalline form of alumina
S erderd ,f [near
S}('u(qu

5/’:/‘}!;) :1,',%8)! éuypgp J'JQ'_LJLW .‘J{;H NV-F)

)'):/Jib‘ Ly st}qwne 0 Cg’J;
'aﬂ ;) b ikt

Burning Process

o At slightly higher temperature beginning at about
1000 °C, the alumina and silica combine to form

mullite ( 3A1,0,.2Si0,).

loco J) ,uj'f@*\
o1 At a still higher temperature, the remaining silica is

converted to crystalline cristobalite. Therefore the
over all reaction in heating of clay is as follows:

3(A1,0,.3Si0, .2H,0) — 3Al,0,.25i0,+ 4 SiO, + 6 H,0

L«n'“b&rqlcc) Jq_ji \:\:)Jrcﬁf'o) —
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Kiln
- Muffle kiln

¥

Tunnel Kiln Car loaded with Wares (Refractory Bricks) coming out of the Kiln after Firing

Source 1 hitp:/ /www.idc-online.com /technical_references /pdfs/mechonical_engineering/Kilns_And_Furnaces_Used_In_Ceromic_and_Refractory_Indusiries.pdf
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' QC: Analysis of Ceramic =/~ 9 >
i

)«-/':U‘ '5}'5 Flexural Strength of Ceramics. This test method describes
— ¥ ~7" the method of determination for the flexural strength of

o e =
o .‘”ﬂ)- v ceramic materials at an ambient temperature. P,
— L/,/ > Cemp or AenSiop =i LMJL_CIA_L ERATIR omj Nes.s
B ,s-b'\ o Fracture ngghgess of Ceramics. - M T

2
Ty O Chemical durability of glass ceramics, and multiphase

"’/:pm)\é glass ceramic waste forms by evaluating the
S

a2 concentrchons of the chemicals released to a test solution.

)_;_.CU 4-'\-",;21

1J\)f0“3 0 Slow crock growth parameters of ceramics products by
using a stress-rate

S awsn AP JET o€ *
> it ) ) , uL f/o/
(Co/fajfi/cﬂ ) "?V,;Lc)/)b’ df**} u——_/i”ﬂ-./ L@-az)f)eﬂ- Hf‘fhll) &)
‘pH 2 Ef Cl.«{j- c__ﬂ-*"ad

AT L pH 2 e ls 5l (WY
c:uLL ___;w_____;f &r C__J‘"b,______../)——-"'
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PHOSPHATE PART |

- Reference: Shreve's Book Ch. 10, pp. 244-261

What is phosphate? «
R S -

- The term phosphate rock (or phosphorite) is used to
denote any rock with high phosphorus content.

1 Phosphate rock when very finely pulverized, has
limited use of itself, because of the slow availability
of P,O..
o250,
(N
sl maiy Gmpenent i
> AP

CaF,.3Ca,(PO,)
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Phosphate history in Jordan «
S L e s D

o Phosphate was discovered in Jordan in 1908 in both
regions of Russaifa and Al-Hassa while laying down
the Hejaz Railway. The first time investment in
phosphate was in 1935 in Russaifa.

General chemistry and technology used ¢
IR TR L R e

0 Phosphate fertilizers are produced by adding acid to
a7 § oicels V1 ACED N gy ——=
ground phosphate rock. - ‘ R

0 If sulfuric acid is used, then super-phosphate or single,
phosphate (SSP) is produced having a phosphorous i

3 o a-> Wi —
content of 16-21 percent as (PQO;fff“T) 2 zf)-i o

o If phosphoric acid is used to acidulate the phosphate
rock, then triple super phosphate (TSP) is the result.

0 TSP has a phosphorous content of 45-50 percent as
P,O..
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Super phosphate production «
T R R U i O R

0 Superphosphate, Ca(H,PO,) is produced by combination
of phosphate rock and concentrated sulfuric acid,
approximately equal amounts of the two ingredients are
mixed.

1 Overall reaction

Wigh cencenheded
T

CaFy. 3Ca (PO4),+7H,S04+3 Hy0— 3 CaHy(P04)2.H20 +2 HF+7 CaS04

Super phosphate production «
R R e e

0 The produced superphosphate is discharged from the cone mixer to
Mﬁ/ el w where additional mixing takes place and the reaction

| ’ Jer” PP o o s §7 A et P ) ; 5
gﬁl{r:‘} Vi j!-i”}s;mf’ less 4han loe il "3«?’%{5’”/«* arJ.g:)f_ S;rp Y ~E L &Y s
$Ia™) =" = 1 Superphosphate drops from mill to den conveyer, which has very low dreps D1

aoP) ‘L;:, travel speed to allow about 1 hr to solidify. S e
g‘/g u)\_ 01 when the conveyer is completely filled, it is moved slowly to cutter
A which form thin slices of product. Zﬁf’ A
o1 The conveyers den is totally enclosed so :ohm fumes do not escape in
. | NE Al : o5 V) glaw e
the working area. A Vage fut- ﬁq{w@‘i JU;IID? suclion
0 These fumes are scrubbed by water to remove acid and fluoride

. - b-*;u’“'*_r"';"-"}_fl
before being exhausted to the atmosphere. oy a:':g,ﬁ rj; f:o N3 :;,5 )4;_,

01 Scrubber water is neutralized by passing through limestone bed é I
where the acid and fluoride are removed. o Plouridesy s acid o b

At,/,_gm :)J.,L’l}f" U‘U I, el
sl
M

Scanned with CamScanner




Super phosphate production «

Nne

W.Itet ~ SC {beﬁ.‘,g‘{erl‘ﬂl
scrubbel 3 g b Fumes || S
I |

o g 2 IE e

2 B
L 'MI)H s & ) %s@«mmpmu
VR e T # g‘f

%*(x

Figure: Manufacturing of Superphosphate by Continuous-den process

Triple superphosphate Production ¢

S0
o1 Triple superphosphate (TSP) is more concentrated
fertilizer than SSP, containing 45-50 % P,O;, nearly three

times the amount in SSP.

o TSP is produced by adding phosphoric acid to phosphate
rock producing mono calcium phosphate with no calcium

sulfate.

0O =

CaF,. 3Ca (P0O4)2+14H3P0O3 — 10 Ca (H2 POa)2+2 HF
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Triple superphosphate Production ¢
B

0 95-98% of finely ground rock, passed through 100 mesh
is mixed with H,PO,. = siuiry ¥ mirfure )l gl
o The mixture is fed continuously to the granulator, where

S e

reaction and granulation take place. G b 7 s

o The den conveyer is faster (10-30 min) than for SSP (30-
120 min), the mixture from the reaction goes to the den
where it solidifies.

o Fines from the product screen are recycled to the
granulator.
1 The moisture and temperature for granulation are

maintained by addition of water and/or steam. i
WAL ol TS
- i = .
ee s NP pal ] she L
adls [f'}-:f?

Triple superphosphate Production «
Qe S s AR

o Fumes are scrubbed by water to remove acid and
fluoride before being exhausted to the atmosphere.

0 The granulator is horizontal rotating cylindrical vessel.

1 The granules overflow to rotary cooler, where they are
cooled and dried by counter current flow of air.

z{,c;;,zp,[j The exhaust gases from the cooler pass through the
),,,c' | cyclone, where dust is collected and returned to the
2 227 granulator.

i ; o The cooled product is screened, the coarse material being
A2 =2+ milled and recycled along with fines to the granulator.

el
& o The product is then conveyed to bulk storage, bagging

= and shipping.
qu'/’c‘gfogl" pp g
—dl
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Triple superphosphate Production «

bRV
e 22 T
Production of phosphate / Jordan <
125
Production of phosphate in 2018 reached
(8,022,393) tonnes; compared to (8,687,581) tonnes
in 2017; a decrease of (7. 7%)
*Jordan Mines
- The dry phosphate quantities which were produced in 2018 distributed as follows: 3
-
Al-Hassa 798,740 A
Al-Abiad 1,204,140 0
Eshidiya 5,776,948 /o
\R») \ wlfrw 242 565
Z‘u Total 8,022,393

- @
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Phosphate Mines <

Industrial Complex - 249"

aﬁ(j.l‘)z.ivj'

7 Is one of the largest complexes for phosphate based
fertilizers in the Middle East. It is located at the Agaba
Gulf, some 18 km far from Aqaba city, and close to the

Saudi-Jordanian borders.
-1 The Complex includes the following units:
Di-Ammonium Phosphate (DAP) unit.

Phosphoric Acid Unit.

i

2,

Sulfuric Acid Unit
Aluminum Fluoride (AlF;) Unit

Fertilizer production/Industrial complex«
R I R T

. Production of the Chemical Fertilizers at Industrial Complex in Aqaba in 2018 as follows:

DAP Fertilizer 632,400
Phosphonc Acid 281,000
Sulphunc Acd 856,000
Aluminium Fluonde 6,180

(o reea )
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Di-Ammonium Phosphate(DAP) «
87 Ve’

B
-1 Di-Ammonium Phosphate (DAP), as a fertilizer is produced

at a capacity reaching to 3000 metric tons daily. :
pacity g s WLl A ol

W7 g G bl el

0 It contains 18% Nitrogen, and 46% P,Os which is

soluble granular, and leads to easy absorption by the

plants and vegetations.

5 It can be used by farms machinery, for all crops and

trees, and for either rain-fed or irrigated lands.  ag. 2l
I

DAP production v
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Production sl e b e
 Ammonia is imported from several Arab and foreign countries
by ships mesgtosha) Ty phe g 2Us Al Lot Gail
X ; tapks N Lo w5 2pLIL slakl I PIPE Jych— L&
0 pumped through a 14 inch pipe to two storage tanks.
1 Temperature inside the tanks is kept around (-33) °C , 1 atm,

using special compressors.

o Ammonia is pumped to a reactor, where it reacts with

concentrated phosphoric acid to produce slurry, which is
pumped to a fertilizer granulator. o\ sl oo

NH3#+H3PO; —» NH4H; POs (Monoammonium phosphate) unba’f ous ammoNiq
NHz+NHsH>2PO;3 — (NHa4)2HPO,
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DAP production «

o Additional ammonia is added to the granulator to reach
the required mixtures. QR Gl wPHOen A YFPy Y

01 Fertilizer is then moved to a rotary dryer, which dries the
fertilizer by hot gases produced by burning fuel oil, so its
moisture content doesn’t exceed 1.5%.

- The fertilizer is conveyed to sieves to get the required
size, and then cooled down in a machine similar to the
dryer, and moved to the storage silos.

Usages:

- The fertilizer is used either directly or as an input to
produce other fertilizers such as liquid and suspended
compound fertilizers.

DAP production <

Ammonmium phosphatle
Figure: Manufacturing of Ammonium Phosphate granules
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Environmental Hazards of DAP Production¥

0 The gaseous emissions from the reactor and granulator
are absorbed in the gas scrubber.

- The dust from the drier, the screens and the product
cooler is recovered by cyclones. - ast o 27

e
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PHOSPHATE PART Il *

Reference: Shreve’s Book Ch. 10, pp. 244-261

Phosphoric Acid Productions
QI T TS S T e B Lt L

1 Metallic acid with the chemical formula of (H;PO,), also
called Orthophosphoric Acid.

= Orthophosphoric acid used in fertilizers industry.

Diluted phosphoric acid of (28% P,O;) concentration are

produced daily, depending on the type.

= By acidulation with Sulfuric Acid, Phosphate rock is
converted to Phosphoric Acid and Gypsum is a by
product.

1 The phosphoric acid plant produces the following by —
products:

25% hexa fluorosilicic acid (H,SiF)
Gypsum, 25-30% free water.
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Phosphoric Acid Production «

Production

o Phosphate is moved by conveyor belts to Phosphate Crusher, where
all particles are having the size of less than 500 micron.

0 Powdered phosphate reacts with sulfuric acid in a reactor which
produced diluted phosphoric acid and gypsum.

3Cay(PO,),CaF,+10H,S0,+20H,0 —»6H,PO,+10CaS0,.2H;0+2HF

o1 The mixture is, then pumped to three igggg%tg(& in order to enlarge
\emm?chut':j rﬂi"
dfm) \__}L’Jb “{"“;

" .\ LAt ] EEE SM“
s i

the gypsum crystals.

"Jb\_.ﬁ@”’w

Phosphoric Acid <«
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The resulting solution is filtered, and the diluted
phosphoric acid is sent to the acid storage, to be
concentrated later.

- The resulting gases from the reaction, which include
multiple fluoride compounds, water vapor, and acids,
are washed by absorption towers before they are

released to the atmosphere.
waider Uqr)ofj\ 9 q(-,c)S Ao Plaef sJe y ____)’j»—’
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Phosphoric Acid «

Diluted phosphoric acid is concentrated in heat- exchangers from
28% to 52% in three concentration lines, using vacuum evaporation.

During this concentration process HF reacts with silica (whic}) IS
present in the rock in sufficient amounts) producing fluorosilicic acid
(H,SiF,) in 22% concentration and water vapor.

6HF +Si0, _—, H,SiFs+2H;0
Purification to part of the acid is applied to have part of the final
product for exporting as a final product; a minor part is sent fo the
local market.

Usages:

é’efé{jgnf's ) - Lk aslp P Phosphcf4e

Phosphoric Acid «

Phosphoric acid is an intermediate product for multiple _industr_ies such
as fertilizers, animal feed, detergents, and some food industries.
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Phosphoric Acid «

WASH WATER

Environmental Hazards of H;PO, Productiong

N N R e e o il

1. Solid waste 06 A5 ap whoy~ MY

' Phosphogypsum (PG) is a waste byproduct produced by
phosphoric acid, about 5 tones of PG are generated for
every tone of phosphoric acid (H,PO,) produced.

W:ﬁ\;grc«:}o’u Some impurities naturally present in the phosphate rock
s\ pure  become concentrated in (PG), including fluoride
- S L]

a.f7 —>'" compounds, heavy metals such as lead and cadmium,

Vs phatd 27 gk e :
P Proch_ radioactive elements and residual acidity.

ek

c&‘ﬁ?ﬁ;JgD The continued accumulation of (PG) has created urgent
o5 SuL pressures to find useful applications for this by-product.
Z-"’ ag’s o\
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Environmental Hazards of H,PO, Productiong

2. Liquid waste

0 The flouroslisic acid shall be supplied to produce
aluminum fluoride.

o Off- grade flouroslisic acid shall be recycled to
H,PO, plant.

o Any remaining amount of off- grade flouroslisic
acid will be neutralized with limestone to produce

calcium silicate.

Environmental Hazards of H,PO, Production ¢

B R N S P

3. Emissions

a. Major emissions from H;PO, production include SiF4,
HF, fluorine gas.

o These gases will be collected by ventilation system
and the sent to scrubber.

b. The secondary emission is dust originated from
handling, grinding of phosphate rock.

o Dust collecting equipment will be installed.
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Sulphuric Acid Production«

"‘"’3?’ chemical f “Macid 1940 ) 3.8, rj,-m
A ,u;‘: AN ormula H,SO, Hicoy o 5l &
Sube Sulfuric acid is produced in two units with 98.5% concentration, and
.:_,4;50\ y G designed daily capacity of 2,500 tons Wﬂh‘ﬂ‘ ¢
ony WO Sulfur usgﬂ}dp producm?\r sulfuric acid is imported from Arab
P\ neighboring countries, Iraq and Saudi Arabia, and from some

foreign countries as Russia and Iran.

1 :;’E"‘\
— 7 Sulfur is stored in a storage facility of a capacity of 35,000 tons.
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1 Sulfur is dragged from the stores by loaders and fed onto conveyor -

belts, where it gets melted in special pools by medium-pressure
vapor, and adding some materials for purification.

yrue £ \:"'5___;1 Lime was used to neutralize sulfur acidity before melting.
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SO, 3

Liquid sulfur is stored in a heat-insulated storage at a temperature
of 185°C. ~ wmolten go els>  ( pumping 1 ¥B)
Liquid sulfur is pumped into a kiln at a temperature of 1000 °C,

where it is burnt with the presence of dry atmospheric air to beu;, g

transformed into sulfur dioxide z;Lmsi‘hta- state of gas. W SN O v ¢

73 \ooo

As that chemical reaction is an exothe mtgp one, the released
temperature is then used in producing high pressure steam (at 46

|

—

atm), which conveyed to the Facilities Unit. xSy haalt ) cosw

Steam oo L QU &
? oLy oXhel anits  d
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Sulphuric Acid Production «
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AR “{?M, cooled to (425°C ) and passed in the state

AAS of gas into a four-stage reactor containing Vanadium
oxide (V,O:) as a catalyst, where it is transformed into
sulfur trioxide (SO;). . S0, $8, N0/ Cyse, Il *

. .C_/'-sﬂf"'l‘?) r")" AP 05 &:ﬂ )
;@\\m is then directed to absorption towers where it

So3” reacts with water producing sulfuric ~acid at a
concentration of 98.5%, then, cooled down and stored in

two tanks A auls’ vy acd foin A5 ¥
Usages:
: | I . . . o . . .
industries such as water 3
EM’*;@_D Sulfuncg%i_:l}b@?d in various . o e e
u,5o0y &~ treatment, batteries, and as a solvent in vario ..,

- : e A
z;w L It is also used in producing phosphoric acid. <=
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Sulphuric Acid Production
RELE
s .
SP;:U%:; Iii $+0; —»50; 50,+% 0, ':'2_2550! SO; + H,0 — H,50, [98%)
4\ ~
T i g R e, o | | Absorptiontower |~ &U&: &Zl;:
4 i R :
?/( sulfur (1000 °C) oantiid AN
nealralizats Y med. s tb/ ﬁ Sage l
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Sulfuric acid production process
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Environmental Hazards of H,S0, Production«
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1. Solid wast e Nz Jé
elctro ('tjf’ﬂ‘jf(ﬂ'? VU' s ¥ 2:—'-’ (2 UQIP,W jlo I.LS’ mﬂpngm

A. Spent Vanc:dlum pen’roxldeg'(v 05) CI?E:.’uld be

carefully dealt since is considered as hazardous
material. hazatls £ Cabilysh s B el U VAL yoy &

2

R | : . 3
0 The spent catalyst is sealed in steel or plastic

containers and stocked in old mines. - r“’“,‘”;jjj’l

B. Sulfur generated from filtration process( filter cake).

0 This waste will be mixed with gypsum and disposed%
in the gypsum disposal area. -» crp g @ U

2' Q.E?/I—S _:'_/L-e) --'é’f"
o el s YYD

Environmental Hazards of H,SO, Production¢

Q= T e S NI R S
2. Emissions 8> very loc efF
s e 0 SO, emissions may be originate from I:_)__a;c_l conversion
cw’ﬂ;ﬁjn%‘g of SO, to SO,.
0 SO, emissions may be originate from bad absorption
efficiency.

3,0 1 H, 8O, emissions  may be originate from mist
2V formation.
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Aluminum Fluoride Production.

A7
Production

01 Aluminum fluoride is produced from fluorosilicic acid
coming as waste product from the phosphoric acid
plant and Aluminum hydroxide, which is imported

\ ¢ o
from abroad. ST
s

01 The unit includes the follow steps: Al(OH), handling

cmd drying, fluorosilicic acid (H,SiF,) heating,

Y
reac’non silica filtration, AlF; crystallization, filtration,

\
p.lurr\?ﬂ‘-lm

mﬁam?ae drying, and bagging. cwmg'ﬁi’“
L..J-
J'VF‘-// q}j—l‘g) aHioD
SO copte12s
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Aluminum Flueride Preductien«
Qe e S

o By the completion of the reaction, the resulting mixture would
be consisting of the solvent aluminum fluoride, and silica sand.

- Sand is then removed by a filtration belt, and disposed onto
the belt carrying gypsum from the Phosphoric Acid Unit.

o1 Aluminum fluoride solution is then sent to 16 crystallizers to be
separated by a filtration belt, dried through roasting in special
equipment using burnt diesel, and packed according to
demand in 25 kg, 50 kg, or 75 kg bags as demanded.

o Usages:

51 Aluminum fluoride is used in extracting Aluminum from its ores
by lowering the melting point in the electrical cells during the
manufacturing process.
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