[y

ad gl puddlio g doddio— yguanl jud b p5— 41 o) 150 — J5 g S could (ot 00810 (g Lo oSS

References:
1. Nicholas P. Chopey, “Handbook of Chemical Engineering Calculations”. 1994. TP149.HZ28,
Chapter 10, Crystallization.
2. McKetta Jr, John /., ed. Encyclopedia of Chemical Processing and Design: “Crystallization’,
Nucleation,.CRC press, 1998.
3. Mullin, John William. Crystallization. Elsevier, 2001.
4. Green, Don W., and Robert H. Perry. Perry's Chemical Engineers’' Handbook/edicion Don

W. Green y Robert H. Perry. No. C 660.28 P47 2008. 2019.


http://images.google.com/imgres?imgurl=http://www.cesu.ir/images/arm/us2.gif&imgrefurl=http://www.cesu.ir/cesu_ozv.html&h=300&w=300&sz=10&hl=fa&start=12&um=1&usg=__LS2UV5zFaCvDVzJKHeCIPFvBviA=&tbnid=jFqHgZnc3QNOBM:&tbnh=116&tbnw=116&prev=/images?q=%D8%AF%D8%A7%D9%86%D8%B4%DA%AF%D8%A7%D9%87+%D8%B3%D9%85%D9%86%D8%A7%D9%86&um=1&hl=fa&rlz=1T4ADBF_enIR284IR284&sa=N

ad gl puddlio g doddio— yguanl jud b p5— 41 o) 150 — J5 g S could (ot 00810 (g Lo oSS

10303 &390

o053 ) 1559 pg@

0 p03 87 :p ¥ oo lowial
6 305 N1V 1 oslog Lol

035 90 (5ld 09,5 — 0303 ¥ 1059y


http://images.google.com/imgres?imgurl=http://www.cesu.ir/images/arm/us2.gif&imgrefurl=http://www.cesu.ir/cesu_ozv.html&h=300&w=300&sz=10&hl=fa&start=12&um=1&usg=__LS2UV5zFaCvDVzJKHeCIPFvBviA=&tbnid=jFqHgZnc3QNOBM:&tbnh=116&tbnw=116&prev=/images?q=%D8%AF%D8%A7%D9%86%D8%B4%DA%AF%D8%A7%D9%87+%D8%B3%D9%85%D9%86%D8%A7%D9%86&um=1&hl=fa&rlz=1T4ADBF_enIR284IR284&sa=N

ad gl puddlio g doddio— yguanl jud b p5— 41 o) 150 — J5 g S could (ot 00810 (g Lo oSS

t S5 g ol WY ol oy i

LT slp Wb aiiege 9 (855D Syl oy G5lge diile &5)las  Siws oole Cans & (Main Equations) ol oY ol
D9 oy dijlee b Glojen Wb (Sorex dijlge (grnlidlin 5 Con joall 18

SYoleoe EOS Jlio lgie a0 .05 1o Sias ool Canls 4 a5 iz SYolao (AQuxiliary Equations) S.S <¥ol
Bl oo SYolae atws (pl Sl 5 U8 98 (S8l 95,

4\.».&4 6‘)" oalau Sy90 LgLQoLiMm) ML: < )iw 9 ‘sa.b AN ‘443-‘*"5" d.a..@‘.a uw‘ﬁjw; d)).'a )‘ as ‘;Yya.?bo )‘ 4\49,0..’ 9o

ol gl L]


http://images.google.com/imgres?imgurl=http://www.cesu.ir/images/arm/us2.gif&imgrefurl=http://www.cesu.ir/cesu_ozv.html&h=300&w=300&sz=10&hl=fa&start=12&um=1&usg=__LS2UV5zFaCvDVzJKHeCIPFvBviA=&tbnid=jFqHgZnc3QNOBM:&tbnh=116&tbnw=116&prev=/images?q=%D8%AF%D8%A7%D9%86%D8%B4%DA%AF%D8%A7%D9%87+%D8%B3%D9%85%D9%86%D8%A7%D9%86&um=1&hl=fa&rlz=1T4ADBF_enIR284IR284&sa=N

ad gl puddlio g doddio— yguanl jud b p5— 41 o) 150 — J5 g S could (ot 00810 (g Lo oSS

4 4]

ﬁ — o
Foed =
Lrlet -4 S

calardria

massecuite le-al

at oxe amstant

—| — 1IN crestal
sronath cycle

babe= s

h
steaxn Ind=t

arater anlet

Condetse v

tank open to
atrmosphearic
[YEsT 1T e

b ddgi Jol o

Condensery oold



http://images.google.com/imgres?imgurl=http://www.cesu.ir/images/arm/us2.gif&imgrefurl=http://www.cesu.ir/cesu_ozv.html&h=300&w=300&sz=10&hl=fa&start=12&um=1&usg=__LS2UV5zFaCvDVzJKHeCIPFvBviA=&tbnid=jFqHgZnc3QNOBM:&tbnh=116&tbnw=116&prev=/images?q=%D8%AF%D8%A7%D9%86%D8%B4%DA%AF%D8%A7%D9%87+%D8%B3%D9%85%D9%86%D8%A7%D9%86&um=1&hl=fa&rlz=1T4ADBF_enIR284IR284&sa=N

gl el g douiio— oy gl Ui )5 — 4l Al 58 — 557 9 Ll ool (mrdigen 0SSN (g Lo 0L

Steam a L F
jet

Heat
exchanger
Condensate []
outlet
< Expansion
Circulation\ joint

pump @

Recirculation
pipe
\4

éf‘f—:“

Noncondensable
gas outlet
—_—
Colling — [
water inlet
—
. Barometric

v condenser
& BOdy

Swirl breaker
A

| <« Circulating pipe
o
Product
o <reed | iccharge
inlet

2



http://images.google.com/imgres?imgurl=http://www.cesu.ir/images/arm/us2.gif&imgrefurl=http://www.cesu.ir/cesu_ozv.html&h=300&w=300&sz=10&hl=fa&start=12&um=1&usg=__LS2UV5zFaCvDVzJKHeCIPFvBviA=&tbnid=jFqHgZnc3QNOBM:&tbnh=116&tbnw=116&prev=/images?q=%D8%AF%D8%A7%D9%86%D8%B4%DA%AF%D8%A7%D9%87+%D8%B3%D9%85%D9%86%D8%A7%D9%86&um=1&hl=fa&rlz=1T4ADBF_enIR284IR284&sa=N

ads) o § Ao cygumsl jud linans 55— bl Al i8S — 515 5 ki ¢ gommld omwiigen 08NSy Loow 0lKES1S

(F]aked) Oé; 0)59)4';’”?‘5 & e |
py5 Sl jo 35905 IMxil-¥
&Tr&i’lﬁsﬁ S5 ,-Y

: g bl 5iiSlg

. ‘
=,
cacoz — cao + co, T

yields 2t _
cao+ Hyo — ca*™ + 20H

- Jyaxe
Sl + a8 Copd = pds Ol S


http://images.google.com/imgres?imgurl=http://www.cesu.ir/images/arm/us2.gif&imgrefurl=http://www.cesu.ir/cesu_ozv.html&h=300&w=300&sz=10&hl=fa&start=12&um=1&usg=__LS2UV5zFaCvDVzJKHeCIPFvBviA=&tbnid=jFqHgZnc3QNOBM:&tbnh=116&tbnw=116&prev=/images?q=%D8%AF%D8%A7%D9%86%D8%B4%DA%AF%D8%A7%D9%87+%D8%B3%D9%85%D9%86%D8%A7%D9%86&um=1&hl=fa&rlz=1T4ADBF_enIR284IR284&sa=N

gl el g douiio— oy gl Ui )5 — 4l Al 58 — 557 9 Ll ool (mrdigen 0SSN (g Lo 0L

Jyaxe
meelS L + €07 — 5L ey + cacoz L

olgsiwl jog1 b (650 K5y-F

Jes by &)'5

2 boals Slgo b (48 45 dndw=T

sl G99 Jolxo udgi (gl (gl Al 3o aw s oSy b Lai -V

(Seeded crystallization) .o S5 03 409381 by 3dlws 5L Jlaws 5 S g5 -A

)9‘°")"‘"L“‘ olSws l-' )Xw LS)‘L"‘"-‘-?'Q


http://images.google.com/imgres?imgurl=http://www.cesu.ir/images/arm/us2.gif&imgrefurl=http://www.cesu.ir/cesu_ozv.html&h=300&w=300&sz=10&hl=fa&start=12&um=1&usg=__LS2UV5zFaCvDVzJKHeCIPFvBviA=&tbnid=jFqHgZnc3QNOBM:&tbnh=116&tbnw=116&prev=/images?q=%D8%AF%D8%A7%D9%86%D8%B4%DA%AF%D8%A7%D9%87+%D8%B3%D9%85%D9%86%D8%A7%D9%86&um=1&hl=fa&rlz=1T4ADBF_enIR284IR284&sa=N

ads| oo g um—gwb&&w.ﬁ—s@‘ o) 550 35 9 Gl (ot EIRCT R ~|a_O|~ oo ol5slo

O35 Sbs -V
S als =V

GO s -\Y

g oo odliil (Sl plenly il Bl jshaie 4y yeSl 5l >l o

25l il &l Fee sl Sy 090 0 00l Forced ciculation crystalizer s ;) solizul JLloas

50095 lins S 01y 0b5 e p b g (plon g0 4y (S 5 0l P

il e )l il o 5 LS oo 855 b,z 5l Bos Fec s


http://images.google.com/imgres?imgurl=http://www.cesu.ir/images/arm/us2.gif&imgrefurl=http://www.cesu.ir/cesu_ozv.html&h=300&w=300&sz=10&hl=fa&start=12&um=1&usg=__LS2UV5zFaCvDVzJKHeCIPFvBviA=&tbnid=jFqHgZnc3QNOBM:&tbnh=116&tbnw=116&prev=/images?q=%D8%AF%D8%A7%D9%86%D8%B4%DA%AF%D8%A7%D9%87+%D8%B3%D9%85%D9%86%D8%A7%D9%86&um=1&hl=fa&rlz=1T4ADBF_enIR284IR284&sa=N

ad gl puddlio g doddio— yguanl jud b p5— 41 o) 150 — J5 g S could (ot 00810 (g Lo oSS

29 g0 00liiul (6505 D jgods phy Sy D)y o

S oo 5 S sl Pl e 1 lad (09 Vbl e Gl Sl Jowe 5l Jlas jsee alaly 4 Les 5 el 0 jLid oy Slom >
23 ol & S 5o gl pllins S

s e ol 1) 5l leddly ()l e Gidigy g Jlwn STL e JSCas >

sl uiloe Sj50 4 o5l S a0 by 09,9 P

Sgdn 3y ey 51 S STes >

S gsg U5 pae sy sladlen S LS5 5 60555 bz G o 5l xS elr jsliie 4 g5l S 4 (50555 Glyx P
HBu 5B 4 3gd (oo Joloe 3)lg Jliws S

ol e sl peslesy cdale g Lo ol JLis 4y g jiins o5l S J51s j0 LSl ax o >

(o o s 255y oM a1 3 L 5,958l 5l oliiasl L 1S cad poce Yo |, ol gl S 4o S5 aloms] 3

Db oo ol JBu den &8y 4o ¢ 044 colatwl Baromatic condensor sl jguslasS SO 5l ¢S 5law 31>


http://images.google.com/imgres?imgurl=http://www.cesu.ir/images/arm/us2.gif&imgrefurl=http://www.cesu.ir/cesu_ozv.html&h=300&w=300&sz=10&hl=fa&start=12&um=1&usg=__LS2UV5zFaCvDVzJKHeCIPFvBviA=&tbnid=jFqHgZnc3QNOBM:&tbnh=116&tbnw=116&prev=/images?q=%D8%AF%D8%A7%D9%86%D8%B4%DA%AF%D8%A7%D9%87+%D8%B3%D9%85%D9%86%D8%A7%D9%86&um=1&hl=fa&rlz=1T4ADBF_enIR284IR284&sa=N

10

4.3)9‘ w.».bb.o 9 Mdﬁ.o—ow‘}ilw.)f—se‘.m <l )JSO —)’lf 9 & “s.o.uw (WO oM‘é—Ow PYCv KY

Ly oes awls 5l o] o ol Glp 0gb o soliinl puSia ol 5l &y08 agonol JSiw 09>y o a o o5l o P

23,5 e oolawl mechanical seal

el g Ol Sie 8929 pae (g bl (50,5 40 e5llien S Cuge P


http://images.google.com/imgres?imgurl=http://www.cesu.ir/images/arm/us2.gif&imgrefurl=http://www.cesu.ir/cesu_ozv.html&h=300&w=300&sz=10&hl=fa&start=12&um=1&usg=__LS2UV5zFaCvDVzJKHeCIPFvBviA=&tbnid=jFqHgZnc3QNOBM:&tbnh=116&tbnw=116&prev=/images?q=%D8%AF%D8%A7%D9%86%D8%B4%DA%AF%D8%A7%D9%87+%D8%B3%D9%85%D9%86%D8%A7%D9%86&um=1&hl=fa&rlz=1T4ADBF_enIR284IR284&sa=N

ad gl puddlio g doddio— yguanl jud b p5— 41 o) 150 — J5 g S could (ot 00810 (g Lo oSS

] —
Non-condensable
gas outlet

Cooling
water inlet =

[~ .
Barometric
condenser

Recirculation —\_/_/'J/ Body
pipe AN : 9

i
Steam ﬁ u k (\
inlet )
Swirl breaker
Heat o
exchanger / Circulating pipe
Condensate " 1 B
outlet
Expansion Feed
Circulation / joirr:t 4 inlet Product
Pipe discharge
if— ;

, \ —4l0,



http://images.google.com/imgres?imgurl=http://www.cesu.ir/images/arm/us2.gif&imgrefurl=http://www.cesu.ir/cesu_ozv.html&h=300&w=300&sz=10&hl=fa&start=12&um=1&usg=__LS2UV5zFaCvDVzJKHeCIPFvBviA=&tbnid=jFqHgZnc3QNOBM:&tbnh=116&tbnw=116&prev=/images?q=%D8%AF%D8%A7%D9%86%D8%B4%DA%AF%D8%A7%D9%87+%D8%B3%D9%85%D9%86%D8%A7%D9%86&um=1&hl=fa&rlz=1T4ADBF_enIR284IR284&sa=N

ad gl st lio 9 douiio— ¢y gumn! 3l L (- 4l e 50 — J5 g Gl couid (vt 00810 (g Lo o BTG 1S

12

Crystallizers

Crystallizers are used in industry to achieve liquid-solid separation. They are an important piece of
chemical processing equipment because they are capable of generating high purity products with a relatively low

energy input.

(Copyright GEA Process Engineering Inc., Columbia, MD)


http://images.google.com/imgres?imgurl=http://www.cesu.ir/images/arm/us2.gif&imgrefurl=http://www.cesu.ir/cesu_ozv.html&h=300&w=300&sz=10&hl=fa&start=12&um=1&usg=__LS2UV5zFaCvDVzJKHeCIPFvBviA=&tbnid=jFqHgZnc3QNOBM:&tbnh=116&tbnw=116&prev=/images?q=%D8%AF%D8%A7%D9%86%D8%B4%DA%AF%D8%A7%D9%87+%D8%B3%D9%85%D9%86%D8%A7%D9%86&um=1&hl=fa&rlz=1T4ADBF_enIR284IR284&sa=N

13

ad gl puddlio g doddio— yguanl jud b p5— 41 o) 150 — J5 g S could (ot 00810 (g Lo oSS

Forced-Circulation

Forced-circulation crystallization is the most widely used crystallization method in industry.
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(Copyright Swenson Process Equipment, Inc., Harvey, IL)


http://images.google.com/imgres?imgurl=http://www.cesu.ir/images/arm/us2.gif&imgrefurl=http://www.cesu.ir/cesu_ozv.html&h=300&w=300&sz=10&hl=fa&start=12&um=1&usg=__LS2UV5zFaCvDVzJKHeCIPFvBviA=&tbnid=jFqHgZnc3QNOBM:&tbnh=116&tbnw=116&prev=/images?q=%D8%AF%D8%A7%D9%86%D8%B4%DA%AF%D8%A7%D9%87+%D8%B3%D9%85%D9%86%D8%A7%D9%86&um=1&hl=fa&rlz=1T4ADBF_enIR284IR284&sa=N

ad gl st lio 9 douiio— ¢y gumn! 3l L (- 4l e 50 — J5 g Gl couid (vt 00810 (g Lo o BTG 1S

15

General Information

Forced-circulation crystallizers, such as the one shown below, are evaporative crystallizers. They create a super-saturated
solution by evaporating the solvent of a saturated solution. The solute of this supersaturated solution then cools, forming
crystals. These types of crystallizers are classified as mixed-suspension, mixed-product-removal (MSMPR) crystallizers.
The key assumption of an MSMPR crystallizer is that the slurry is perfectly mixed and uniform throughout the system.

(Copyright Vobis LLC, Easton, PA)

Equipment Design

The feed slurry is first heated in a heat exchanger, then pumped to the main body of the crystallizer.
Vaporization occurs at the top surface of the slurry, while nucleation occurs near the bottom of the


http://images.google.com/imgres?imgurl=http://www.cesu.ir/images/arm/us2.gif&imgrefurl=http://www.cesu.ir/cesu_ozv.html&h=300&w=300&sz=10&hl=fa&start=12&um=1&usg=__LS2UV5zFaCvDVzJKHeCIPFvBviA=&tbnid=jFqHgZnc3QNOBM:&tbnh=116&tbnw=116&prev=/images?q=%D8%AF%D8%A7%D9%86%D8%B4%DA%AF%D8%A7%D9%87+%D8%B3%D9%85%D9%86%D8%A7%D9%86&um=1&hl=fa&rlz=1T4ADBF_enIR284IR284&sa=N

ad gl st lio 9 douiio— ¢y gumn! 3l L (- 4l e 50 — J5 g Gl couid (vt 00810 (g Lo o BTG 1S

16

crystallizer body. The crystals are removed and vaporized solvent is condensed and returned to the
crystallizer body.

Condenser

Crystallizer

- —— Body

Heat
Exchanger

Product
Discharge

Feed

(Copyright Swenson Process Equipment, Inc., Harvey, IL)
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There are several adaptations that can be added to a forced-circulation crystallizer to help narrow the crystal size
distribution. Options include baffling, a conical entrance, and an elutriation step. A conical entrance promotes more
thorough mixing, which creates a more uniform slurry mixture. Baffling is used to remove fines from the mixture, so that
they can be recirculated for further growth. Elutriation, like baffling, removes smaller particles from the slurry, except
elutriation separates particles based on weight rather than size. Elutriation is the process of flowing air over particles.
Lighter particles are picked up by the air stream, while heavier ones remain in place.

Usage Examples

Forced-circulation crystallizers are commonly used to produce salts and chemicals in industry. The forced-circulation

crystallizer shown on the left is used to produce sodium su Ifate, while that on the right is used in the agricultural
industry.
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(Copyright Swenson Process Equipment, Inc., Harvey, IL)

Forced-circulation crystallizers are often arranged in stages. The two-stage crystallizer shown below is used by an
agricultural chemical company to evaporate phosphoric acid from a mixture and recover solids.
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(Copyright Swenson Process Equipment, Inc., Harvey, IL)

Advantages

Disadvantages
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o Least expensive type of crystallizer
e Large range of sizes available
« High rate of circulation reduces particle deposits on vessel walls

o Crystal size difficult to control

Draft Tube Baffle

Draft tube baffle crystallizers are used to control crystal size and characteristics.

(Copyright Swenson Process Equipment, Inc., Harvey, IL)
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General Information

Draft Tube Baffle (DTB) crystallizers, such as the one shown below, are used in applications in which excessive nucleation
occurs. Small, unwanted crystals, called fines, are removed from larger particles using gravitational settling and recycled
through the crystallizer again, resulting in maximum crystal recovery and larger crystals.

(Copyright Swenson Process Equipment, Inc., Harvey, IL)

Equipment Design

DTB crystallizers have two distinct volumes. In the baffled region gravitational settling separates larger crystals from fines.
The larger crystals settle between the baffle and draft tube, as shown below, and are removed in the product slurry, while
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the fines are recirculated after being redissolved in a heat exchanger. The evaporated solvent is then condensed, cooled,
and returned to the region of active crystallization.
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(Copyright Swenson Process Equipment, Inc., Harvey, IL)

DTB crystallizers typically have circulation rates of 1 to 4 times/min and a total residence time of 4 to 6 hours.

Usage Examples

The two DTB crystallizers shown below are used to produce ammonium sulfate. DTB crystallizers are also used for
the purification of organic compounds as well as the production of salts.
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(Copyright Swenson Process Equipment, Inc., Harvey, IL)

Examples of crystals that are formed using a DTB crystallizer are shown below.
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(Copyright Swenson Process Equipment, Inc., Harvey, IL)

Advantages

Disadvantages
o Crystal size easy to control
e Economic due to recyclability of fines
« More energy efficient than forced-circulation crystallizers

« Frequent flushings required to minimize deposits on the crystallizer wall
« Cannot effectively handle a high density slurry

Surface-Cooled
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General Information/Equipment Design

Surface-cooled crystallizers combine a draft tube baffle crystallizer body with a heat exchanger. Slurry is drawn from the
crystallizer body and then cooled before being pumped back into the crystallizer body.

Crystallizers such as these are the most useful for operations in which the solution's boiling point is extremely high, or
when such low temperatures are required that evaporation by vacuum is not possible.
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(Copyright Swenson Process Equipment, Inc., Harvey, IL)

Usage Examples
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Surface-cooled crystallizers such as the one shown here are used to produce sodium chloride from caustic solutions,
sodium carbonate decahydrate from waste solutions, and sodium chlorate from sodium chloride saturated
solutions.
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(Copyright Swenson Process Equipment, Inc., Harvey, IL)

Batch Vacuum

General Information/Equipment Design

Vacuum crystallizers use a condenser with a booster to maintain a vacuum inside the crystallizer body. This vacuum
makes it possible to generate a supersaturated solution when very low operating temperatures are needed. Vacuum
crystallizers may be continuous or batch. The batch vacuum crystallizer is particularly useful when processing materials

that tend to grow on the walls of continuous crystallization equipment.
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(Copyright Swenson Process Equipment, Inc., Harvey, IL)
Usage Examples

The vacuum crystallizer shown below is used to produce Glauber's Salt at a mineral plant. The crystallizer body can be
seen on the left, with the condenser and booster slightly above and to the right of it.
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(Copyright Swenson Process Equipment, Inc., Harvey, IL)

Scraped Surface

General Information

Scraped surface crystallizers such as the one shown below are used as low energy, low cost means of crystallization for
small scale operations. They are used primarly for the crystallization of melts .
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(Copyright Armstrong Chemtec Group, West Chester, PA)

Equipment Design
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A scraped surface crystallizer consists of a jacketed pipe in which a cooling medium between the pipe wall and the jacket
remove heat from the slurry, causing crystallization. Inside the pipe, large scrapers wipe the solid deposits from the wall to
prevent build up. Scraped surface crystallizers are often grouped together in assemblies, as shown below.
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