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tRIg 9 3Icopod SdIgH

Unit 1 MANUFACTURING OF ACID & ALKALI

R1gid fRrgor i (Theory Learning Outcome):

1.TRaw material, Chemical reaction, process description with flow diagram of
manufacturing of Hydrochloric acid.

1.2Raw material, Chemical reaction, process description with flow diagram of
manufacturing of
Sulphuric Acid. Comparison between Vanadium Pentoxide and Platinum catalyst.

1.3Raw material, Chemical reaction, process description with flow diagram of
manufacturing of Sodium Hydroxide.

1.4Raw material, Chemical reaction, process description with flow diagram of
manufacturing of Sodium Carbonate by Solvay Process.

1.5Properties an uses of Hydrochloric acid, Sulphuric Acid,Sodium Hydroxide, Sodium
Carbonate

1.1 TS IFAING TRISd IdTE:

TS IgARe RS (HC), saren gRufes URs Ixid wuam, § Uvamie gaseH daRis s
SI907 3], TEd (HCI) & (Solid), &a (Liquid) 31 arg (Gas) fudia sifara simg sfor Id
THTUT 910dTd faRees R (Dissloved) 318, BASIHIIRSG URIS § JE&Id: IN™Hd IdTe- Uihd
G Y- (Byproduct) SRS RIS S YA daR &l ST,

1.1.1 TSI ATIOT TR URIA gaSIaalie Urred dxavor (FAfed :
A. Tl |1 - SIS 30T FelRH.
B. IR 3ANThaT (Chemical Reaction) -

H: + Cl, - 2HCI

SIS AR 1 1 S - 13 1=t || R R e
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c. ufsbar ware 3t (Flow Sheet) —

" Dilute acid or water

Cold water added under control
a1 ' Exn for exhaust
AT — Jas
| n—
Exhaust fan
Hydrogen
buming
|in chiorine}

chamber

Combustion

LALLM —5» Water outlet

1
e unmnuum\\//,unnmumf

Chiorine A Burner

|
I
l
SO0 je—Hydrochloric acid
emrere e Storage tank

— — — ———
— — — — — — — ]
— — — — ————

e e — — —
— — — — — ———
—

Hydrogen

— — — — — —

Fig. 1.2 : Synthesis process for the manufacture of hydrochloric acid

D. ufshad qui  (Process Description) —

SIS (AR gad 10% STRd YHIUN) S8 BT dobIURA S al SiTd!. STl
qg-gRSISH clad §-Ral (Burner) Wsafid & gsioM  (Burning) & Bid. ®RS
AR (Dry Chlorine) S84 ®&ld SMd, SiY R dIdIaR0Nd gRIge Seddl Sured
sASIqdING YRS (Hydrochloric Acid) arg fafor gidl. 81 fifehar so ofer Afcqsry
AIETTER fg=adn J=AT (Green Color)SATdg dTed.

TSN RIS i HeR A1 =MW (Coolar & Absorber) A UE we- TudTd
TSl STl fhaT UEuHYT Ul grsiaiRe GRS UTdes auld ve Sl daR gium
AT Yl (Acid Purity) ITURUTT 33-33% 3fd. TUR Fid gSIadNG RIS
CTHIHE Idaa SiTd.

1.1.2 &R (Salt) (H13) 9 IergRker URTS ufehar NaCl & H,SO4 Process) :
A. BT - DfeTH TR S (H16) T Tk TRrs.
B. Y™ 3ifHfehar (Chemical Reaction) -

NaCl + H,SO, NaHSOq4 + HCI
NfSTA FINGS TGRS URTS @WW HRSICSIRERAUNS
NaCl + NaHSO4 — Na2SOq + HCl
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JfeTwiRkss  fsoaamdehe TfSTH Tebe TUSIHAING TRIS

C. ufspar yarg 3t (Process Flowsheet) —

Off
gases 4

=) |[

(M 3

D. ufehaa quiF (Process Description) —

&R / Wo (Wfeud FRsS) 9 GelR® Heid (Furnace) WRA SiTd.sififehar fagyumdia
(Reaction Mixture) GehiUed! Uh U qlal MHIHAT TRUMHE Td W& Sd01 TIRIEH 3R,
gfgel sffehar ga=am siffehaaan Ja-d ! dTIETd (Temperature) el ST,

g1 Sifiiferdmed, MfSaw adehe (NaHSO,) & SAIeRUNIa!, At Yoo °C ¥
ARy gdfd TR et 6. U™ TR Fad davisde  (Byproduct) (@If$aH Tethe)
TTeS T [T HE AT dBI TMes] el S,

09 3de ERSdNG Ue) 3fr saRafda (Nonreacted) JergRe RIS gerd
YichAaTd! Uradel SiTd.

WHE IeRRG URIed Ui (Recover) TiH $ichT elaxde (Cooling Tower) 3Ifdr =R
AMuHHL (Absorber)gld. Ract, TharAY (Scrubber) FHSIHAING RIS a”gd 31 gAu
(Partly Recovered) odl SITATd. TR HToidl gTAS IR URIS CloHed Aréad (Stored)Sd.
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1.2 U UfpdgR (@i<de UEY) (Contact process)TeRIR® TRIsd Idre (St dt 31 T)
A. T ATd - ez, T 30 BfsaH UeIags..
B. IAf® 3MfHfehar (Chemical Reaction)-

S + O, — SO, + A
e NJIENEE] HohR SRS IJWrdl
V205
2S0, + O} > 2S0; + A

T SRS RS Fehr TH3{lEe SVl

SO3 + H,O — H,SO,
T C3fiags  aroft JeRIR TR1e
C. ufsha1 yaTe St (Flowsheet)-

Spent gases ~97% H,S0,

\f/ Gas filter

H,O i =
so0-s00cc] Steam

Two-stage v . !
catalytic Oleum 98% H,SO,.) |
converter storage storage /

222,74 300°C]|
400-450°C|

.

D. ufspdd quie (Process Description) —

TR Sl (Sulphar Burning) — Iehx S-RAS ®IRedT ga=T (Dry Air)3aiRudia
JR  Wsd O, SO, d SO; ¥ Iake 3Hfeqew (Catalyst Oxidation) - e
SRS (SO,) o T TAMNFRS (SO;) HH TUIdR HRUIRIS] G STHUCIRITSS
(V205) 3R (Catalyst) aroRad SITd 10T U Ga1d (Pressure)) 2.-2.4 TR0l
(Atmosphere) daral dNTAl. T8 dheae Hichd (Catalyst Process) ®RUIMNITS!T dTqHH
¥4o0C 3T TSR =T MU $ard AT, B Ufehal SR JHTUIG JrT (Heat) FHfor
DHRUMR 3178

Air cooler

-

Maharashtra State Board of Technical Education n
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I3 TUR el 9y SARBIAT (Catalyst) Uddh AT U HRIAl ATl Q.Y - ’R. (%
2 THUI TR (Transfer) gg<l SARNVURIE IR U A 3ed. SERBIAT Ydd
T aTg dTeR g™ dTIHM §0°C 327 Afcyer udd dred.

Jdre TaARTA (Second Absorbsion) A& b dedid arfHT 3t URTHSRgR (Heat
Exchanger) 30T iR getd deUYA WRd UrdqH (Recycle) fwsd 4uitd tRd d€ 01 GHIAY 31T,

foe=a sifor o S8 X, aig 4§ (Cooled) odl Sdid ST XMWS TlaRaR
(Absorbsion Tower) UTddd SITdTd. TR o 91 3WIdT faf e e (Heat Exchangeer) ¥30 °C
%30 OC 3T VT3 AMIHFTT TRY HRUGRATS! 0T HaR e deare ssav (Catalyst Bed)
CILESESIGIGH

SO; d BASYH (Hydration) - 3&R® JHfRGSRH (Catalyst Oxidation) Wfehd=aR, GiRom
S03, ’¢ - QY% TR YRS (Sulphuric Acid) HReiedT U ciaaded RMYH ggcs (Hydrated)
8Id. H,SO, =1 vargr fafAd (Flow Control) & GRISd Gl (Acid Purity) SIS
BHEA &2 d Qo0 d URYS fafae TraTud SO SO UTvgM Siisd §iRs; RTehd.,

1.2.5. TASIH eTATHATS S ST Wife-TH deelve giedrdid ga-T (Difference)-

Points FASTH RSP (V205) Wi 3aR® (Pt)

IR (Conversion) | 3a (Higher) U 30T RS HH B
(Less)

Tdau® (Investment) | goaTdial HHT, Ufd a4 4% SaaUl | ORd, $HH g™ S0 3d

TS 38 BN

IARS fawanem (Catalyst | AUt gioammel om- UideR® | fqURT gid, oRivd: SmiA® gR

Fouling) (Resistant to Fouling) (Fouling done, mainly Ar)

SO, = gl | & (l9-¢%) I (¢-30%)

(Handling)

gfd Qooo fHal (R00% 9-¢% V05 3 9% fhell IAR® QR UH

31t / faay sfrawgepar | IXGHM

1.3 AIfSTH FASIAAIZS SdTe : AIfSqH grisiaRs (NaOH), Saren T3 fhagl difed Aral
<dTd UM, 8 U 3= difed (Caustic) U@l SHTUR 3T ST el (Tablet), Tiad (Flekes),
Ugd (Granual), S0 Yoo T STaund (Saturated Solution) SUTTsY Ui O+ 3Tg.

DIREh ST MO FARH 41 SadeifeirggR (Electrolysis) ¥g-3da (Byproduct)
TEUH qIR &l STl

HRATd ¢o % BIREH TIST T QY 9% Y&fT TR FARI STSTedT SATCIRITGR TR gl
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SAGSIARN XM TR TeAe) (Anode) Tad BId ST FHUterded (Cathode)
SISISFYE HIRCDH TIST TIR Bidl. TS T HUIS SdTeH UehHeh URIH dTTed SqugrTd! fafdy
AaAS U= (@) fasRia Hedr e sied.

HIRCH AIST TR HIUIIS argRedT SIoN=aT Ukl (Jd) 3HTed -
1 SRk Id (Diaphgram Cell)

2 ORI %Y ¥d (Mercury Cathode Cell)

3 Usal (HsH) ¥ (Membrane)

1.3.1 Sl | — 99 roft ({13 + 7).
1.3.2 TR ffdar - Saqeid Thpur e ufdafear

2NaCl +2H,0 — 2NaOH +  HT + ClI,T
e gt Aifeud gSIRISS geleH R

1.3.3 Ufsha1 UaTg 3mepelt -

Na,CO, H, T_ Cl, e

Brine ﬂ_ Diaphragm
! cell

Filter Steam
H,SO,

Steam

Multiple effect
evaporator

—
50% Caustic
soda

H,O Centrifuge
Constant
Head feed tank
Freon | Sait
“» Filter st —
Lig. Cl,
\
.H Mefg,\w o
2
70% Caustic 1
soda ;
Filter Denuding tower
-—
H,01

Flow sheet for the manufacturing of chlorine and caustic soda
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1.3.4 "fspdd quiF (Process Description)-

HfeRIIH (Ca), TAR™H (Mg) 311101 dig (Fe) dauT TRREAT UiddhReb Lkl ST SRTHTH
(Diaphgram) &g 8Idl, ®Tgd B3 sTs 19U Na,CO3 I8 LG dhdl SId. G baid T4%
<101 fiheex (Filter) bl STd, A+ TRE &l SITd 3101 ST Il fad 9Md. § g had siSH
¥4-4u% BRI (Workability) srciedr SRk Saqe faafed (Dissociation) & ST,

faeeT HaR S Id HYd AIsaH grgiaassd (NaOH) 20-33% STl Wisd.

fsay gagiRmss “@ul (Sodium Hydroxide Solution) Afeeud gthae aTvfivHaHmAed
(Multiple Effect Condensor) 4o% WfeaH ISR s FIdUl fHGauame! g &l Siid, of e
&l STd, YSRGS (Centrifuge) ol SITd ATFOT el (Wash)SiTd.

Voo TIiSTH TRSIHSS HBIUaNTe! Jeid s1s- URT (Brine Mercury) ¥aqe®d Ggl

sadeiaray (Electrolyze) &l STd. dRA Mesl (Collect) od Sid, dlsdd SMd, APpfad oa
(Compressed) STd 30T - 30% Tdd S (Cool) &a STd 301 &a F@RA ( Liquid Chlorine)
TG UL e ol ST,
1.4 Gicd=T UihdgR f$a Saed Idre : Nisad Hrae (NapCOs) § aiRiT TiaT fdvar
IS G BUG! @@ Sld, 8 BlEHd URied dliead Hie 3. ThiCHNRY gPRRSE UM
afd YR 3Gad, of TgoUl UieR UIasy, AHFRHse diR HRUgNIe! GHd. Wiedd HiaHe
? RMMP Jradlar diex Aide-R (Water Softner) TUH @@ STd. 3Hd IR AT d
Fledl Ad. Tied (Solvey) Uik WU 3NcsEed SITUMAT Uishdd o a8 0 TRISIARE digd
TATTd HEAART (Artificial) TR o Sid.

ST G (Soda Ash) B SERTHT (Industry) Ta TANTRIGST SUAS SRIel Jaid Hgard!
3 e, BT fhHd! (Resonable), amsidl, Y= (Pure), faRues Ukt sfebdt (Dissolved Alkali)
318,

14.1 &=l 41d - HIS Nacl), ITge! (CaCOs), ®id (Coke), IBR® (Catalyst) WU 3=
(Ammonia).
1.4.2 IS fYUfar (Chemical Reaction) -

CaCO; — CaO + CO;

Limestone Calcium Carbon
oxide dioxide

Co +02¢q — COz
Coke Oxygen Carbon dioxide

CaO Ok H,O n— Ca(OH)z (aq)
Calcium Water Calcium hydroxide
oxide

Maharashtra State Board of Technical Education
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NH; aq) t H,O n— NH,OH (aq)

Ammonia Water Ammonium hydroxide
2NH,OH + CO, — (NH4)2C03 + H,0
Ammonium Carbon Ammonium Water
hydroxide dioxide carbonate
(NH4)2CO3 + CO, + H,O —» 2NH/HCO;
Ammonium Carbon  Water Ammonium bicarbonate
carbonate dioxide

NHsHCO; + NaCl — NH.CIl + NaHCI
Ammonium  Salt Ammonium Sodium

bicarbonate chloride bicabonate
2NaHCO; — Na,CO; + CO, + H,0O
Sodium Sodium Carbon  Water
bicarbonate cabonate dioxide

2NH.CIl + Ca(OH)z — 2NH; + CaCl, + 2H,0
Ammonium Calcium  Ammonia Calcium Water
chloride  hydroxide chloride

1.4.3 Ufehdd qui —

3T (Ammonia) faT=T graund (Solution) faRassdr (Dissolved) STl Sfor
3AfAUE S84 Z1au0 CO, (Carbon Di Oxide) 98 fUfhdl H= od O PHlbug JATAN
T8 BT (Calcining) &% fed. NaHCO; dt Uifidiee (Precipitate), 3= UHKR
0Tt e AR 3o Yl (High Purity) Nap,CO; TOR SRUIRITS! BhTs ol Sild.
ufthdd e -

s S1GU o SHETRE (Sea Water) - g baiedl 9% Sr@uiell (Solution) SN
ciq= (Ammonia Tower) @relt f3RUTATE (Pass) through) TRaFT e SaMEe AT arg
PHI3R dRe (Counter Currect) UG dBIGA STal. 3T UHR SIZ4 KU1 Ha=RGDh FHIUTT
AT Y 10T IWTdT Yo .

T ST STe} USUIRT ai] elaR=al WTelt USUIiT g S1aul g <iva
SITdl. FTa! BTe- SA3faIEs (Carbon Di Oxide) sMIFAGR (Ammonia) GdTd ee
STd, aRomHt STl SrgeHRia draFe cuid JHaaftd gid. SEifFTcs Sed RRuaE!
(Settlement) TRA faelt STTd, YAR 30°C F&I VfRTSRAR FHIEMICT laRaR U4 &l S,

Pra SsHiaTss T (Manufactue of Carbon Dioxide)- ®id+ WRdeT I Yeld
(Furnace) CO, HfduaIIdl gras! daddiss dl Sld. did (Coke) W@« (Burning)
JaS A fage et (Dissociation) STa<ad IWrdT (Heat) FHAT gid. T Yl fAesaca CaO
Wids FAHY FUART bl SId 0T A Rebagl elavar (Ammonia Recovery Tower) GO
ISR
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SHIATH STSTd HIEHIHROT - AT HeTdid CO, AFad bal Siral 30T HEHeT elaRa
JeTRIT STAl ST SHEIAUCS S84 fORUd. T drl TRA SHIAECE S8 Wit fad Sid el
AT HTET WgRM TIR BRGNS NaHCO; faxge e STTdl. SRdEiHe o -RAYT STe-
30T CO, aTg BRI 31O AT eTarar UU el STl SHaH Hrae udd CO, 2t fhar e
PIEHC gad T FaRd! TR ufafehar <& ifead THdEHe AR gid. M0 - NaHCO;
TR (Slurry) FaR et wgd (Rotary Vacuum) fheear fiheex (Filter) deit ST,

WS SH&GEHe HRe (Dry) 8var Sfor sifAar gAuid (Ammonia Recover)
HRUGTd Hed gid. 1S 30T NH4Cl PTg- erhedaR fheer &b (Filter Cake) moam™ 4a (Water
Wash), 3fIeTdl (Moisture) HTg ST UIRITS] HEITIRS [theerdl Urdddl Sdl fdhdl d¢ daadss
DAl ST, R aEM, AR 0% NaHCO; ¢uld fheexaed oid. NHs 3for CO, gAuTE
FHugrErsl NaCl, NH4Cl, NaHCO; 3ot NH,HCO; 3rciedr Mavar Ufdhar g1 Heldd
foresaciedT g orat SiTd.

FHRIMTA (Calcination) - 7 flheexddiad NaHCO; 3 &fasl Hai-RAE AR 00 °C R
SR bl . ST UM TR HIST IR HeRAYA SId 307 fU=ream sl Ue el S,
AT a1 (CO,, NHs, a1% 3.) € 3NfUT 5a sifaT fResfavamre! g9y giard; 949G CO: ag,

ATt Uil (Ammonia Recover)- URR @50 ekt fheexdyd NaHCO3 YUamiRd
TR fiheex glexmed fad S, SIY gad AT (Free Ammonia) 30T HTe SRS
f&fea=MgR (Distillation) dTeR ®led Sidrd. foigzar Yelqd SR bt A1 fdhal g gy
(Kide ARH) foig=an ora e fad Srd 3o glexear erd B Sid. T WU dTdl argd
ST, DHeRTH FIRTZS AT BRI Fethe TR BIdTd ST NH; ITg aTeR USdd.

1.4.4 Ufehar yarg 3t (Flow Sheet)-

CO,.N, to brine purifier

A 2 +—— Cooling water
H,O Fiue gas
Purified CO, 1
prine E 2 Calciner
solution 2 (i)

Fuel + air —
TITTTITIT T TS

—
2

Carbonating tower

mmoniation towe

!
-

NH,recycle
04 kalkg =
product
Coke
Lime stone‘_:cho Recycie NH, @

Lime Make up H0

Ki In
(b) (c) '

Slaker Mitk of lime

Maharashtra State Board of Technical Education n
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1.5 Turer 3fOT IUANT (properties & Application):

1.5.1 BASIGAING URTSd Tured o1 START (Hydrochloric Acid) -

A TureH (Properties) :

3{1f0aed ¥ (Chemical Formula) : HCI

3Nfoae aT : 3%, 4 ATH/AI

W= (Look): TTeH &4

a4 (Smell) : dtenr

Ihad faig (Boiling Point): - ¢4 °C

faqes g fdg (Melting Point) : - 3% °C
AT ; 3.Q0R T/ (34.3% HCI

fagTenan ; urvang edd faga

B 3udN (Application):

TOed Tl SRR (Metal Cleaning Operations), &fdd  HhaNT

(Chemical Manufacturing), Ucifergd fagR UfdcgxH  (Petroleum  Well

Activation) 3fifor ®e (Food) 3for Ridfed (Synthetic) YsR=T IdTGAHE

(Rubber Production)dTd=el ST,

- FARM (Chlorine) 3t F@Rega= (Chlorides) FAfHdNET aRa o, 3Ian.
SHITTH RIRTSS gTF Yo el aTiRd ST,

- @M ™R (Corn Starch) &S (Glucose) TR HRUTMTS! aTARET SIT.

- gIemYT Tiiq FHIGUANTS! MUl d-eid  (Boneblock) Y& (Clear) HRUAIA!
ITORET ST,

- TIae HCI 7 f3id seiRkised ¥gw (Saturated solution of Zinc Chloride) Sraur
Q@ (Solution Soldering) fdhar @feT (Plating) HRUAMYdT eTq A% HROATTS!
TR ST,

- g 3wy (Medicine) 3Mfor YaRTRIT (Laboratory) 3ifieHe UH S&id aroRa
G

152 TepiRe URISd Tured Sffor IugT -

A 1IUT?J'J:CI:

3(1fugs g (Chemical Formula): H,SOy4
3{1Uge Gl : R¢.o¢ TTH/HIA
WY (Look): uroft uiey fdhfud free ga
Jha faig (Boiling Point): %0 °C
faqesugrer fdg (Melting Point): 3o °C

YT : %.¢¥o TTH/E (59)
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fagredr (Dissolve Capacity) : ¥4 JHTOT UTvam fEyesar ad
gfaferar sfcdd Taaiufifas (Exothermic)sfe.
2 W
- &d (Fertilizer ySENT alfe auR gIdl.
- gEId: BIbIRG URgd (Phospheric Acid)3@rgd, o feud (Tripple)JiR®IEbT,
HHT (Mono)3fTfor 819 (Di)- 3o hitthe IR Tdre it aTaRd ST,

- GRGIELC 30T 3FfATH Hethe (Ammonium Sulphate) TR HRUTETST TRl
STelt

- Jfeg I\r® (Chemical) 30T Uctsffida (Petrochemical) Uishaiaed sl

fAsiciiexuT (Basic Dehydration) ufdfssar @regd (Medium)® U aiRd STd
WHeY AReRE  (Nitration), $e=4=M  (Condensation) 3fifor  fEgragz™
(Dehydration) TRwE Ufaftrarar THEY g, 989 dd &idomas (Ol
Purification), WM d d=-dd fSRedcdd geidruiPurification of raw Oil
Distillation), 3ffcsh = 3107 Y[ IHRUMATST aToRT S,

- 3RIfa® IS AN 3al. TiO, Vs, FasaiNG RIS 3T grgiiNG
s Afifdme

153 Wifeqd grgiaaTead ureH 3for ST -
A 1:[UT‘&I'J:f:

3{1fUae ¥ (Chemical Formula) : NaOH
3MTfUeh o : 3R.]%0 ATHMAIA
WY (look): Tie=T, AUMIRET, 3UReRl® fohed
e ffﬂ%ﬁ:{
Iaha faig (Boiling Point): 83¢¢ °C
fadesuaran fdg (Melting Point): 32¢ °c (faafed g1d Dissociation))
B ST ;
8 U el e (Basic) T 31T 30T Jerud Jua-ae) ek YRS 3for
S{EIFTT SRR R 35,
T AT0R HIEUi(Soap), YA, F(Color), HITE, 3w (Medicine), Wreraery,
&R (Rubber), &S, @A (Chemicals), sl (Bleaching) ol S,
TR SM1fOT U iferam JaT,
1.5.4 QIfSTH ST Tored ST SudnT -
A. 1IUT‘EJ'J:CI:

3(1fuge G (Chemical Formula): Na,COs
3M1fUges IeT : Qo4 .Rlo¢ ATH/AIC
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WEY (look) : UiexT foheediig °uq
Tie - Tiegi
Iha feig (Boiling Point): 3633 °C
faqesugrn faig (Melting Point): ¢ug °C
fagTagdr : groaTd foRges R

B. ST :
T IdTeATd (Glass Production) HiaaT UHTUMER dTaRe ST,
ST IAFEC, HIRCH AIST TUR HRUITITS! aTIR SiTd.
ST (Soap), TG 31101 BTG, H1US (Cloth) ITRTIT TR ST,
Ueiferas 31for 37 (Color) ITNTA aToRe ST,
Treuer, ares o7 a7l 79, HRUIR 3T ATHE aToRe SN,
BIche flhed Sgaltf Tsie (Agent for Photographic Flim). ®UL.
godeiarse WUL.
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widoTasRd SdrgH

Unit I MANUFACTURING OF FERTILISERS

R1gid fRrgor sy (Theory Learning Outcome):

2.1 Classification of fertilizers

2.2 Raw material, Chemical reaction with process description of manufacturing of
Urea.

2.3 Raw material, Chemical reaction with process description of manufacturing of
Single Super Phosphate, Triple Super Phosphate.

2.4 Raw material, Chemical reaction with process description of manufacturing of
Diammonium Phosphate.

2.5 Mixed fertilizers: Importance of mixed fertilizers

2.6 Biofertilizers: Need and importance of Biofertilizers.

2.1 @did Tffeur (Classification of Fertiliser) (Straight, Complex & Mixed); &d gt "4
(Natural) fdar 30 IaiE! (Artificial Production) UMl AT 3Mg St AT fohar g=udi=n
FRUGTATS! BTAST ST I 3 WA 3R o Al Freseurar A< Ni¥e &mdr dred 3T e
JdTe dred.

b 301 91T ATeU Had HRUARITAST AdDHRI MU Héd TRIS Wil dliR DR,

Gogms S0 a8 dd! BIct aFT 3RA fdhdl BoIRI TR U 3o WS RId 341, fafdy ardh ofor
garAHId fafdy fUd aTreuary Aad HRugMNe! Wdid! favgd 4ot fawRid sl 19T oife. a1 b S
T N-P-K TUTR (Percentage) 3 UIdId - iF g U=l YN deaid shame JHIU: Ao
(N), BB (P) 10T TielRd (K). 3dieArd N-P-K 3{ihs IoHMIR Udd UiNd gcdhrat
CaDhAR] AT,

Tard JITHRN U gk YR WSS (Straight), Sifcd (Complex)fdrar fifda (Mixed)
31fOT Hiifaes Ta=aTaR (Physical Status)SiTeTRd &+, &d fdhar arg Tu[E & e,

AT SfFCYUNaRI® TRUTHIAT STYRTER i Sa-MHiHd (Acid), STUR fhar dew T

T hI0 B ST,

F-—xtilis —w—z =

] ] If;:>)/’)"' i1
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Chemical Fertilizers

e |

Araeie @d ( NITROGENOUS FERTILIZERS)

IrICIeH Wd 3T (NH3) TR sHfdel Srard, st eeid et SfEid et Srar.
¢ AT gaR-91 (Hebar Bass) UihdgR dOR §idl. IT Soll-ovisd ALY fshdn, ~4fid
drg (CH,) Tg9T gragterar (Hydrogen) GRA3T d SIfOT ASISH (No) Y UTed i,
§41 81 SHIAT (Ammonia) 3aR ¥d Ao (Nitrogen) W3 (Feedstock)h I8 TUL
qIORAT STdl, S @I Foia sifAgd Aaee (NH4NOs) (Dry Ammonium Nitrate)ffor
gRAT (CO (NHy)2).
gUdar gymE: M HTg F™ce (Ammonium Nitrate) I-RUdIT 3avddb YATONG (Required
Proportion) ARICISH Ue &Rd, S 38

fIRIva: T8 ATera HIeId HedTd. BicareiR (Fertilization) dde gRfEd #xa
qrel. gurdt die (Required Growth), Sieig ¢ fdw™ (Fast Root Development), Sdg
Ui QN1 GUT TS fUaeseR gIvay Ufdee id. eI a-<gcdieal dTé i 3 Hgaral
gfsbai=r 3aferd 3for fAfAd (Control) &

A ARI¢e (Ammonium Nitrate) Wicid deiell e wHt UTolt aToRdrd, ard
SR Ui (Protein) 3101 TRER (Sugar) 3RTd, SR g draraslt Mg,

BIebe @d (PHOSPHATR FERTILIZERS)

gd wiwhe Wd (Phosthate Fertilisers) @A Wil 4 (Iron PO 4) 3Ryced
GHASHYH Dleedl SIdld. Sidd U, Ydrd daeied] WM IUAR ddl Sidid, URg
dgddal HfUPb faUBSUIR  (Dissloved) &R AT, Bibe o=l IMRHS UfhdgR
JdTfed. Faid AlbiId Wb e-gad Wi-oli=l UH a0 Hiehe b (Phosphate Rock) UM
el S,
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T @i TIRTACrSE Cas(PO4)sF (CFA) 3ffor Hydroxyapatite Cas(PO,)sOH 3figd. gl
WS 3ed JewrIRd (H2S04) (Sulphuric Acid) fbdr BIbiRe (Phosphoric) SUAR &+
U faRHes U= Bhihe &IRTAE UidRd GRS (H3PO.).

3NN AT BUH Jergke TRIS (Sulphuric Acid) S IdTE TR BId. hidhe
GeHhTdl Biehe Jade] UishdT HRUgNIE! Wk TR WUH Al aiR. STfde WUflid Jen
SO IR IR TaT TR a1 Jayd Uieha=iT Faiferd omg. STedt (DAP )8 SHIIdId Faifdd araRa
SITOMR B T 3178, d o+ 3o ST QD0 38, TN ATt 01 I SHy Hifads
TuieE (Physical Properties). SUdt 81 Biehadl 3&¥ Ad (Good Source) 3MTg. (P) STfor
IS (N) <l IvUIRITST. § HIRmREd aig JHT0 UaH &xd 30T 78, S, Hhos STl
TSHT JIARET YT [ ITST AT o, ST SIeyre! A0 auial gHIR 30 GRICE T 3178,
e Rrm @d (POTASSIUM FERTILIZERS)

Tice & GICRIaH TUR HRUAe! WeRiad @i [Heor (Mixture) 3s RIIEANS fs:
&) Wd UICY g urudrd favuesuR (Water Dissolving) 3i&d, ITHes g Wb gcdh YU daR
SO T T 3.

®Tal YGIHR0 (Purification) TRUMET (Stages) THGY 3MTg; 34T, WifeaHd wRIzs (NaCl)
(T H13) Fg- CIHUARITS! Blgides! diedl K,0 WUH Jaiyd Sid, Said 9o @rdd i
Tl aTd TU TR I,

W W, UCY Td YT UICRIEH FaRTss (Potassium Chloride), TICREH 3RYdTd.
Jehe(Sulphate), TicfRM ®EHe (Potassium Carbide) fdrar TicfRd Arce (Potassium
Nitrate).UhT SSHE AR 3 §9 STol@T SATI0T 2 7 W1l Wd °TeToL. om0l 81 e o7 Jauard! T
YHTAT Ui 31T,

HUTes @A[ (NPK) (MIXED FERTILIZERS)

HUNHS Wd, T N, P, IO K 3R, 3fHdhal IR (Straight) - daR &Rl Idra.
W HI! YR, g fdhar Hfde gehiied I SfHfghar (Chemical Reaction) giard. =
T3t Iarerond, AHMIFEH (Mono Ammonium )3f0T SEHEIFEH ®ikhed (Diammonium
Phosphate), S g N 31101 Glg] UG HRdld P, BihING TRIS (BIEhe WSHIURE) 0T
3AAT (Ammonia) de®d (Neutral) - AR &l ST

NH; + H;PO, — (NH4)H2PO4
2 NH3; + H3:PO, — (NH4)2HPO4
WS (BENEFITS)
100% TTUTTd TGS (100 % Water Dissolving)
Biwhed (Phosphate) TT ! dd 30T I dlead (Increase Production)
Td Rig gurett, f&ae, 2u, Bidwer (Sprinkler) 31 fugie Rerardt e,
2.2 Tl O16, S e, giarr Fidet ua sreds ufhdd 9o, (Raw

Material, Chemical Reaction for Urea Production)
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AT (Urea) , SIT0T HIEMRS (Carba Amide) GEI® WU, RAT § IS G
CO(NH,), 3o e TG 3Mg. a1 HRSHE FE(-e (C=0) HRMS Ju- A8Gd & ~NH,
T 3Tg.

AT UTugi=] Argregad GGl Iau<dTd Hedrd! YHST Sellad. & I WIudi
e & Tuciorgad e offg. § WIe, TUgM °F, Uvgid dd faRUsuR  Sfifin
TagTRGEsed TR-[AURY 38,

Sgd% HEIISG Argeior WdiHed AHs®aul, AT Fsia smfar (NH3) IRE TR
T STl AT o fARAuL—¥ €% N—8 Aol Wdred HHT fhddd qieT HRUT 378,
Ui gRAT § deHe §Rre H,CO; o $-31R8 (Di amide)3i®, BRgiae Jshod
(Hydroxyl Radical) ST 3128 Ju Ude! 38, Hai-e GReal (Carbide Acid) T day

g1 UTUgTd IS faRUSUIRT UiexT fohedta (Dissolving White Crystal)uerd 3R, 13g
gRamdte ArceHd v (Nitrogen % From Urea) dbdig (Plant) 9 dTqRS SiTd ATgl.
gRames Ao IR (Ammonia) fhar Arcered (Nitrate) FUAR SIS AR G
fobar sifieh faad SITATd. TS W AT fohdl ARIC =T =a1d N, ST B FAbdTd. YTudrd
fRg® oo, d 3 (Acidic) fdar sremedl (Alkaline) =g
IR GRATET AR (Use) Haes Td TUH H6T Sld Alel IR A 3ak ITANT SEIS 3fed. gRar
el AR "R IANTET 3= Ufd= FUiarRur (High Protein Food for Domestic Animal)
IR TUE T Sidl. gRaT WwiAfcsgzs (Urea Formaldehyde) X 311fdT 3R Wifea® (Plstic)
TOR HROGNTS! RAMET AR HT SIdl. § Aige Teie (Softening Agent) BUH GG dTURS
SITd S Yoo & oI, Yego IS 3ATeiaR SYUTRT @eAHE S Siid.
gieard Idre- @i o fhar diegz  Saraee ufssan
Sl |HIS: (1) I, (2) CO»
IdTG Ufehdd WoTo TW T
1. NH; 3101 CO, mefie Iramafes ufafhar
2. FZONU IdTeA feRedzM. (Distillation)
3. feRRedraM itz wel fiesadean givar MegzMaR $ifaH IdteTadd Ufshar FHRul.
IS ufafsean

CO: + NH; — NH,COONH,, (3Mif~9H &1aiAc)
S aw Fratded fAefdt®or

NH;COONH; + NH,CONH, + H,0
arge RelM (Side Reaction)

2 NH,CONH, —- NH,CONHCONH, + H,0

gran @R
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Biurate () NH,CONHCONH, 3fTg 101 gRATIRGA daR Blall.

GRATAT IATGAGREM, G ige RefRHA (Side Reaction) 8% Adhd oY IRA
SOYRE A0 TS FUIR Bid, Ao & Sdlfad "gRAT 2T IATGATaR URUMH gidl.
UM, 2 - 3 g G SIUITAT dob 88 SIZRE TR 8IS -4 101 AT THUIAT SRTET aR Rl
Y 813 0 U wagd (Vacuum) SR sfadd dhoT SiTdl.
SrERed! A ereTarTa!, de TH.OY(Temperature above Melting Point) =1 @R dard
OIS,

THAIS TUIRR (Percentage) 31101 JRAT Y=SHUT gaTd (Pressure), AIad (Temperature)
STFOT JuTT Tt AT 91 TR TG 3R,

AT HTaffcar 19 g« (Humidity Pressure) WO SR SYed™ IO HXS 0T
TahaR RO WU aRI (Gas) THIUT HHI gl Sed, THdIe IRATD I0d GIaM dled.
gfear fAmfor (Production of Ureay)

NH,, CO,, H,0

(1) Pump, (2) Compresscr, (3) Synthesis tower, (4) Reaction chamber, (5) Distillation tower, (6) Condenser,
(7) Evaporator, (8) Prilling tower, (9) Tank for molten mass of urea '
Manufacturing of Urea by Montecatini process

yferar:

1. ciaxa fid onfr smcita Rifeier g™l doundgdl SFd &a sMIAar dargR (Liquid
Ammonia by Pump) f&a ST, & e Tsiuamarg (Rusting of wall) ar=ad. CO, 180 d 200
atm Tdd YHfad (Compress) &Id. HUMRGR (Compressor) 31 AR efarar (Synthetic
Tower) fad ST,

2. NH3 CO, Tg ufdfehdr 4d, S SlaxaT deaTRit $rcied Ricexan Sidid YT fad Sild. elar Wi
gdTeTd dTad!, dTIHT 180° o 200°C 3.
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3. fadesaar giar (Melted Urea) €laR=aAT a3 UNTIGA ledl Sirdl 0T feRedzm clarusd
ARG (Transferred to Distillation Tower) &dT STdl S8 3MATH e &R fagedr
3ifafer 31for It RATAT STAUMIH Hig T SiTd.
4. 1AV ST dhiad dbal STd o1 {ifeiT elaraed (Prilling Tower) fo&ea=n (Crystal)
T gRAT IR gral.
2.3 RiTE gWR ®iwhe (Single Super Phosphate)3ffor fous Jor wibean (Triple Super
Phosphate) FfHdTét @=m @1¢ (Raw Material) , IS 3HfYfhar (Chemical Reaction)
UaTg 3Mdaas (Flowsheet) Ufshdd qui:
RivTe gRwibe:
1. gRBIWH § Wd 318 S JTdid 3Tg aTail W1 HRUARITST HHId: dTIRe SiTd
RN I Iy AU,
2. % IR URTS (Sulphuric Acid) 30T Wihe e (Phosphate Rock) di=drdis SHfHfearg
TR &S S,
(@S FERTUCEE G WD, Cas(PO,)sF):
[Ca3 (PO4)Q]3C8.F2 + 7H,S0O, — 3Ca (H2P04)Q. 7CaS0, + 2HF
RiTTe 31T fous gurwehed (Single & Triple Super Phosphate) gt Trefl Wd $rdrd Sard had
Th 3{Gd U, HIRHRY. d TN BIbIad 3hY Wid (Good Source of Phosphorus)
31Tedl.
TIYur; 1 JAEe GeT P,0s a1 Aquf YIT grudmd faReauIRT (Dissolving) 318 HRUI I T
TG AFIgRIgE Piexrad Bibe (Monohydrate Calcium Posphate) 38, SSP Udh IdTs! d
qUiT T AT 318 S Ao’ hiebe (Monocalcium Phosphate) 3ffor dfekrad
Jehe (Calcium Phosphate) Sacseides FHM JHIUNT (Same Percentage) SRIATd. TR AUts!
SAURGIUS (Hygroscopic) 318 30T TROAR ¢®es HHU §1S T4 WUH Sfidrdr Y Ui
T D 3T,

qdafear U iardt Tauadiar (SSP) Ui fad Siid HRUT Hethr 3 WeIaardl ifaursy
U 3Te. BT, 8§ BB, et HTOT bR Idisi 3Tg 311 Ca(H2PO,) 2.2H,0
([ RITH HIRbE SMAeTISC) BU aRiidd offd. SR 3l § Y dIed o TIeIdl Hdd o1
BB P,0s AT WREUMA 315, SSP A 16% P,0s 31T, ATATARS, ATd Bblgl JHIUN Jeby,
RIS
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Phosphate
rock Vent gases SiO, H,0
|
O Crusher "
60% H,SO, [
0000 | ' .
0000 |—= I l HF
Ring roll mill  ( ) SiF, H,0

Continuous blender

Den

S
uperphosphate Rotary dryer

* Production of Superphosphate
feus gurwiebe: (Tripple Super Phosphate)

[C&3(PO4)Q]3C3.F2 + 14H;PO4 + 10H,O — 10 Ca(H2P04)Q. H,O

TR YRGB RhcHE o B! THIUAT 3RId HIemy, duiit HHt fdhadiges o fiyond
RS S1d. feue g hedt High Concentration Te dRd BIRHRE, 40% U&HT SR hIRHRY
Uelass (P,0s). ioud YR Iehe (Euah) & ufed I-faxavur hiend (d) wdits! T gid of
20 T YcfebTd HIGAT YHTUMGR aTuRel I,

difeesal (Technically), d kT SAEESeM Biwhe (Calcium Dihydrogen
Phosphate) 30T HHIGIRAA HIGe  (Monocalcium  Phosphate) ®UHA  3fi@@d ST,
[Ca(H2PO4)2.

hIhe FShTdl BhpiRg el fafdbar s gt (TSP) R gidl. THuyUnaT
UfafehdT STeig 3RTd HRUT TS BT YFHTTAR o[ eRIIH hIbe ST gl
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W TR HH gldl, <ladd Sd. AHIbeRad BidheAl (Mono Calcium Phosphate) 3=
THTIITE U Haell gl W T IH goira ST 313,

2.4 STAHAW Bieke=at (Diammonium Phosphate) RTHdTS! St A1e, Imafa siffemar,
W&Wﬁﬂgmﬁwz

Sifn wise (ST ? wdie Faiftie e SUR BRE W6 3R, ¥ &d
SN G AHRI Ieh U sHided 3178, 30T AN oq- 3 divd et Sl Shy
Hifdd TS (Physical Properties) o Rdl AT SR IeANTHE AHUT TaF §9d 3R,

STHIFTH Bihe § Taid S U BIehied Wd 318 HRU ATl 3 UG daies
R ST =iTe 1 Tqurer, DAP < XTI 18% Arest SO P,O; - 46% 3118,

* NH; + H;PO4 —> NH4H,PO4

* NH4H,PO4 + NH; —> (NH4)2HPO4

UG SHIATH Biwheal (Granular Diammonium Phosphate) fAfifdmdt te
TfshaT IUS Bl SId. (SIUUD) UHEHD BrpIRe URisws Fvie smifart (Dry Ammonia)
fafeha s IR Bl Uldferdn IdTeAH ASmE—aad! SiR1a: Ufdfehadr srgoot W<t (Slurry)
3d. HIhe 0T SHITH BhIRhe. 6L AR U Hot Siid. IgoeR-3AUHe! i ge fAsie
SHIANTE Ufdfehan fao! STd 30T a TR Bid. HUIAT BRI 0T SIS 6 GIUIGR SHITH
Biehe gy

Maharashtra State Board of Technical Education



DIt U edran (313337) Chemical Process Technology (313337)

SRS (Undersize), @RS (Oversize) 0T IdTeAMT THGRT 38, SHHIATT
DR HAMR BIhe WY, S eR-3HHS [he doBdd Sld, THIHRUNT UG STd TS S8
STHRTY AT NGRS UGOR AT HRUINS! 3o fAUKIaR U BRI §wdd IAG GUGR
A AIIHRUT 5 ST, U] UithdaH M U JMGS GIUGR HUI. 3fsd auieR 2 i T 4
fordiea gufidie o et e SirdId.

A T

RIS G (NHa4):HPO4

T 18% N, 46% P20s (20% P)

qruaTd fagreadr (20 =1 AfQT3): 588 g/L

Y pH: 7.5 8

Anhydrous
Liquid NH, Ty g

: | Reactor 1 ‘ Reactor 2}——p{ Dryer
H,PO, J
Ammonium |
Phosphate 4—@— Granulator
Granules
.. Fig. 3.6 : Production of Ammonium Phosphate

2.5 firy a: fay @aid v,

Y Td U JHRId: AN, HIWh 310 TR (NPK) a1 g fdhar $iftied gcs
ST JArEl e gd of FgdeT deN Sl 3= Uieh SdTe- UIeie SUaa! SHazddh
3T, d Ted Hg3fo! fdhar dife dgdi- qoiun e f@ae SiTdrd. Tt s @d et
IATGATd 16 HRUIMTS! DY IR RIPRY B! 38 S0 TA =T YD dedid fafRry sffor
31 T80 4 d TR o 3o,

SRTd BTos AdTd AgdTd. d AR TR B SITdid 0T [aR1e dies 3drd. iy Wd wors
3 fdhar if¥ie Wes Wi Y01 TRIESH (N), BB (P) ST IR/ (K) I forsor fdhar
TEId: NPK WU $Hi@@o SR, diF Ucdh of aRudid i@ 30T aTerara! Agw@yul Smed Hy
GAHS SIS SITdTd.
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NPK Wd fafdel SO Araeior, BIRmY AT UICRIAH (NPK) 3oo! iy |d siled, Sif
IR AT 0T I Ul SATGAN TG GUINITS! SHaRAP Ted. § a0 UlNd dardl
THH ATdl TR goH dd. SR g yor waren faRw ardiear yeRrier sl fUamer sae
3 R W THYUET IR e ddfod Wd fieq.

I YR Ui IATGATaR SR il 0GR WRUId e, o amiRe fRydl
TS 3RI HTfOT TEUAT il aToR B0 iU gld. NPK Wd fafde THTUNT AR—ICISH, BiehRd 0T
GICR™AA (NPK) 3i¥ciclt Y @d ofed, St I ¥ddiear didie 31 = Ul I DTl
SUITITAT SHTIRIS TR,
2.6 99 Wd: 3F GaTHl TR AT WETa

S @ § 3 Uard 3fgd SaTd gEHsiq, 3RIdTd, S g gdi-T 3HTazde Ui ddidl YRaol
SIATOE THIART RIS oildid JHAT 38, AAGRAYS SR WUIH e dfed
Terufae WS Sigd UdTd R s ae Rar Ao ks quremfgR afinalied .
S-S U] A FUidRd HRUATE! UfohdT U Argio fthaizmd! SaRel ol Sid.
Iarexuny, ®El Siar] Aeed SEFaHE T qidk dRdld. GROMH, AReeH Aol
IUGS Bldl.
qIIR Hed Al RIS id 3107 T IATEATGR UIRUMH §idl. gERidS, ofd Wd, ArE! Uruft e
SAUTTH &Il digddrd 0T ATAHe ArCIS, Siia-rad ST Ui IRl 3Hazad Uive dw
SIadId. d Jdid A9iie U 3Ted 301 I, RcTH HiddT THTMGR JTiRe Sidrd.
S AU S Wdid Bre HT 3ea?

o9 T fPBrIazR ST, o gt T e HHT .

NS Td el fUdhas e HISTUTST QU= Sldbid SRR 3fUd HiaTd 3T e

S G DTS YBR TSl gid AT,
SId Gd TRV TR BT 3H18?

ST Ui gafid dRUaNE! old Wd SHazdd SHRd. IS Gdidl drdhies
qTIR e gTdt BRIE Bid 3101 Uidh IcdTgTaR UiRumd gial.
Siiaara S1foT Ufe TiaR! S1azad Oivd dw SiedId. d Wdid A9iiie &9 3Ted Tl U,
R e &A1 FHIUTER dTIRS ST,

ST giterdr fehauarardl Mo forar &9 IGH SIS TiAd Wi aTiR

ST Al FATYROTI0 IS T, WET o HATOT SHaT] W 3 Wdid UHR 3T,
FArAT RS S HHGR F9d1d 101 {UH i a9 a1e Bid. Shary Gdiaed sfciddey,
SN, Ricidaey, Yaeiieaas, Fes fgXd Ridres, Sf2iiell, S. d1 YHIGRT BIdl. 81 SidTo]
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T i Gd TBUTe! Sies@a Sdid. of Td Hied A1t SUgdd SR AT ARG Ward!
FId 8IS Uaiarume Sad- gid.

g faRuasfaum sy .
1 73 RRIHR0 SO SHaro) Wa: 31) Sfefcldde ; g Shar Sfi-ged Ui Gesiyiad g
3IIgSNdl UgdH &1 #xald. o UM adiaRudid gad Wxedrd d faqd JHmmd (e¢
TGP) SUIRT AT fRRHRT e BT ST BT oalal.
2 g oiam] Wd W e T SR 94 Udhed, quird U1 Suantt usd. 3ar., SR},
SR, &4, T8, AT, BIYY, Jpa, iR, aith, Sifcss, U, sifer, 3.
A fRaH: § Sia sfEiciddeRuen e drfem R Ugsidiugd &1 oxard. d
JUILT, HTSHOTE d Hesals Ui qaie @ astyiad! g 73 RIRSGRUR &1 HRdrd.
B IRICNdeR: § ST ¥ d Taxigad Uk 3al., API, ORI, dic, IACHS Jgoidggar
T FRR{BIT DHRATd. T ST SHUTAT Bigdl, UH 9 GoiHL IRded ddld. § SidIv] Sarydlel
TS RR Hae = G aidiAed TRl oRd aldR dhell Ol Y d 3R AHIgad
fUphine gesigR 3 SIdI0] U S F31d fRKIHR01 DHrdTd. 8 SId1Y] ¥ Uhrd Yo T =T
RAST HRA. § SHA] S8id HAfedh RIS TUR I TS UdhTeaT GeoTedT ale N Had ald.
C  XIfeud: a1 SHavd S/ Fgeidibsd- drdd. § Siarv] Ty s geiar Mat
AT FRard. gadid THarg /MY 93 gaiare fUeh Idasy B odld.
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3T5® 9 9Iud IS
Unit 111 MANUFACTURING OF OIL & SOAP

3.1  Classification of oils, Properties of vegetable oils, lodine value, saponification value
and acid value.

3.2 Process description with flow sheet of oil extraction from oil seeds.

3.3  Hydrogenation of oils

3.4 Raw material, Chemical reaction, process description with flowsheet for production
of soap.

3.5 Classification of soap on the basis of Total Fatty matter (TFM), Cleansing action of
soap.

3.1 ddr aiffeeur (Classification of Oils)
3{ffereg d (Olive Oil), 9@ dd (Palm Oil), TRTel= o (Soyabean Oil), widr dd
QUHtS da), B 3iisd (Corn Oil), ATSTON A AT IR I e,
e AR dd (Coconut Oil) , T% WIUH ad, dge g (Medical) 3T 3=l (Industrial)
SIIVAITIE TTuR ST,
o B 3Higd (Corn Oil) , TATS 3O TLUTS Ad U fddh e ST T e
o HIYY fygie ad (Cotton Seed oil) , T 31fdr SN Gt UHR Adrs AN TW@dUTS dd
TEUMH dTURd ST,
o 3iffereg 3figd (Olive oil) , WEuTes, Tiedvrmem, rEur 3o uRuRe dare feaarard! gu=
TS dToR ST .
e UM Ad (Palm Oil) , Tafd HIddT YHTUNR IdTfed Wb s dia da.
o XITQUN dd (YT dd), Has SR BUH ®a URb-ays, 31, Il & ¢RI
figges , faviva: dwuamTe! AR S
o PG JATE YIS I , SHTHRTA Halfee fdde SUIR WU dd; BRI ST Sfienfiiss
G161 UhR PIRIER 3101 WU def U aTuRd S,
3.1.1 T dar Jore
gTdt dd (Vegetable oil)- crAfRRISSIUREA (Triglycerides) S0 S&drd.
CAMCRRISSY § U] 3RIdd Sa1d @Te- (Carbon), B (Hydrogen)3iior sfffae
(Oxygen) 3.
IrAl WaHd feRRId (Glycerol) 8t a9 %l e wifay  srdrd.
CAMRRISSIH 3 &cd el URTS THaR fdhal diaie U Rd 3R] dhdld.
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https://en-m-wikipedia-org.translate.goog/wiki/Coconut_oil?_x_tr_sl=en&_x_tr_tl=mr&_x_tr_hl=mr&_x_tr_pto=wa
https://en-m-wikipedia-org.translate.goog/wiki/Corn_oil?_x_tr_sl=en&_x_tr_tl=mr&_x_tr_hl=mr&_x_tr_pto=wa
https://en-m-wikipedia-org.translate.goog/wiki/Salad_oil?_x_tr_sl=en&_x_tr_tl=mr&_x_tr_hl=mr&_x_tr_pto=wa
https://en-m-wikipedia-org.translate.goog/wiki/Cooking_oil?_x_tr_sl=en&_x_tr_tl=mr&_x_tr_hl=mr&_x_tr_pto=wa
https://en-m-wikipedia-org.translate.goog/wiki/Cottonseed_oil?_x_tr_sl=en&_x_tr_tl=mr&_x_tr_hl=mr&_x_tr_pto=wa
https://en-m-wikipedia-org.translate.goog/wiki/Olive_oil?_x_tr_sl=en&_x_tr_tl=mr&_x_tr_hl=mr&_x_tr_pto=wa
https://en-m-wikipedia-org.translate.goog/wiki/Soap?_x_tr_sl=en&_x_tr_tl=mr&_x_tr_hl=mr&_x_tr_pto=wa
https://en-m-wikipedia-org.translate.goog/wiki/Oil_lamp?_x_tr_sl=en&_x_tr_tl=mr&_x_tr_hl=mr&_x_tr_pto=wa
https://en-m-wikipedia-org.translate.goog/wiki/Palm_oil?_x_tr_sl=en&_x_tr_tl=mr&_x_tr_hl=mr&_x_tr_pto=wa
https://en-m-wikipedia-org.translate.goog/wiki/Tropics?_x_tr_sl=en&_x_tr_tl=mr&_x_tr_hl=mr&_x_tr_pto=wa
https://en-m-wikipedia-org.translate.goog/wiki/Peanut_oil?_x_tr_sl=en&_x_tr_tl=mr&_x_tr_hl=mr&_x_tr_pto=wa
https://en-m-wikipedia-org.translate.goog/wiki/Salad_dressing?_x_tr_sl=en&_x_tr_tl=mr&_x_tr_hl=mr&_x_tr_pto=wa
https://en-m-wikipedia-org.translate.goog/wiki/Smoke_point?_x_tr_sl=en&_x_tr_tl=mr&_x_tr_hl=mr&_x_tr_pto=wa
https://en-m-wikipedia-org.translate.goog/wiki/Smoke_point?_x_tr_sl=en&_x_tr_tl=mr&_x_tr_hl=mr&_x_tr_pto=wa
https://en-m-wikipedia-org.translate.goog/wiki/Frying?_x_tr_sl=en&_x_tr_tl=mr&_x_tr_hl=mr&_x_tr_pto=wa
https://en-m-wikipedia-org.translate.goog/wiki/Rapeseed_oil?_x_tr_sl=en&_x_tr_tl=mr&_x_tr_hl=mr&_x_tr_pto=wa
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3.1.1 AU g&a (Saponification value) fdar JaifAftrd= Fa=(Saponification
number) (SV fdbal SN)- Faififtbeea & © U grgiREs (KoH) fhar aifsaw
SIS S (NaOH) =T Rl Te ifaq.

S fAféy oRfRudid @ ¥0 =Rei(Fat) SOifwE(Saponify) HRUGMTET 3avg® 318, &
CAMRRISSTA UM A0d IR 3 ced] ¥d el URISd RN 3Mftge goid (fhal
RG] didh) ASUgr A 3le. YUiHihdRE Jed (Saponification Value) foidd SiRd
3 d fade! Wl GRS (Fatty Acids) IRIERT didl HHT 3&d, CRNTRRIESYd IR 3M10gdHh
oM (Molecular Weight) 8d 3d 30T AT3dC ATdeINGEsed], 3o JUIHThdIH Jod
el TR fhal dd (S Bt TRes IO U1H o) JIe0T (Soap) SHIUATa! it dvg 318 d.
3.1.2 TRIS (@M) & (Acid Value) - TR (3 Gd  § ey 3101 daiear WRifthb =
T Common WRMHTeR 3iTg. § YA (Fat and Oily=Reded et Organic Acids Neutralize
FHRUGMTS] 3a=ged Hqaied mg of KOH = a6l U GRYTYT dvel SITd 31107 o =RalT (fat) fdbar
qoHe 3RTAT Free fatty acids o (FFA) HIS/HY 3Tg.

3.1.3 M g (lodine value) - SH T § AR aRal, dd Sf0T Auriaeia sriqudt
&t FAfga eruamrdt oo Sl . et IRere | sRiquldl &Id: gosl 9Y WUH 3wdd o Il
UHRUMA TS, gaitor=d [GR-H JU Ufafhariia S drd. 3= UHR, 3died T (lodine
Value) fSrad IR 3id faad wReAe) SR SRIgWdl $Rid. TR@M dd (Coconut Oil) |U
Iq@ 38, AT 3 o A1 SHIUANIST il 318 § caaaeH oy Id . guRiPbe, Say ad 3did
3 3T, SIS d HRS dd §d, d dd Ue SauarTad! arg 3Tg

3.2 ddTeHT YaTE STPpdiae ufhad guiF (Manufacturing of oil)

Sl OT6: 4o faar

-
Taked weds

PURIFICATION
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https://en.wikipedia.org/wiki/Fat
https://en.wikipedia.org/wiki/Oil
https://en.wikipedia.org/wiki/Wax
https://en.wikipedia.org/wiki/Degree_of_unsaturation
https://en.wikipedia.org/wiki/Degree_of_unsaturation
https://en.wikipedia.org/wiki/Fatty_acid
https://en.wikipedia.org/wiki/Double_bond
https://en.wikipedia.org/wiki/Halogen
https://en.wikipedia.org/wiki/Coconut_oil
https://en.wikipedia.org/wiki/Coconut_oil
https://en.wikipedia.org/wiki/Soap
https://en.wikipedia.org/wiki/Unsaturated_fatty_acid
https://en.wikipedia.org/wiki/Unsaturated_fatty_acid
https://en.wikipedia.org/wiki/Drying_oil
https://en.wikipedia.org/wiki/Oil_paint
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PIESINEIE I

ufspd= quie - gy, fogien g eMeR (Volume) IR0 3Taaed 3R, faain seR fordeT dagH
38 fadeT Solvent UdR SRd Sl T, d YU 8 SN, d AT A=Y Uiy He

. I, Hlec cug fouea JRHRTET SRld ST SUd AT B0 a0 TR,
foamo) Aiegcned faxgaq (Seed Dissolved in Solvent) ddl iad ST,
dafeardte 9d da gufe FRa. A fgaer & (Cake) A fRfed 38 TRg IR
31T T 3R UM (Protein) J@mH UG ToRIUTR JAIREE 3Rd. Aleme TReaRM
wWicHe (Solvent Extraction Plant) TRcdex (Extractor) 3i&dl, S dafadr T
leeg e YUyl fiRyesd SiTdTd.aR dd Aleeery fRR sfdr feftiean (Stripping) Arferda
Oad o STd AR dd 4 (Cool) e Yeld KRewma! fheer (Filter for Storage) ddl
EIGH
3.3 4o gras oMz (HYDROGENATION OF OILS)

IARF (Catalyst) WUHA Fdwae (Nickel) IufRdld daqd e arg
(Hydrogen Gas) U &+ - 90l UTtd gid. 31 Ufdhdan graele=RH (Hydrogenation)
U, dd U %4 318 HRUN A I TG 3R, BHSIOH U PHedTaRr, IS Uh JJa
HUTS S @A S T 3 3107 FRTeR 94 4.

Bl U 3=t Ufdha 3118 Sl -l daaReHAT &4 IRag e grRiglor (Hydrogen)
SIS SITd, SMes WieedT JUHMIER O aRaTHe) TR gid.

A TS dTeaUaNIa! U e qraquae! IAGHIGR daTd SIS &ha
STd. et FerRgga= (Fatty Glycerides) 3Riqw fedwed (Radicals) Sgaddl g SRIqw
FRRISSY 3fcdd fdhar quiutl g wulaRd 8l IAR® ISR UihigR dquw
RIS S U Bl
FETHG -  dd, fed 3aR® (CATALYST)

Ufehar yarg 3Mepl

s _L.J*?]
& B

Canatyst
Ot Sarry =

VaasOM o
Paw Ly My Ogeratec OF

doTe ggSHaM (Oil Hydrogenation Process)-ufshat aof
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PRs G a0 (Dry Pure Oil) 311f01 Ad@ IAR® (Nickel Catalyst) drgs! Rideqs gdae
SiTd. fRrdexat (Cylinder) GF $¢C 3Mgd 3101 33cde. Th g4o¢ dorl Introduction 3for
IR HRIT gRsIeH (Hydrogen) UARITET ATURST STal. F dTIRGS Ao aRel HT3CHCGIR
HIGS olld, R JEAN H3csedl dIR gASNHCS d6 Uul, RISSIaT 3f1d Stirrer {0 38,
dTaHT Range  140°C-180°C &I T8 o0 8. .

GO SO CHY X< Ao a1 IRTeT UhR Aol Sildl. 3)1fddh de-icR gRIgeHes
qo™T AT AT3CHegR Uae] Sdl. Rio e deRN ghgeHes dor™ A™eH Jod Fuffd &
STd. SR d 60 3@, gAgeMaAd! (Hydrogenation) Uishar Yido! 311G,

T4 ggeHes (Hydrogenated) d0 STeR HIGS Sid ORI TN 6o old 3101 Hdbod
%0l (Particle of Nickel) &g crugRId! fheeR (Filter) ITaRd SiTd.
3.¥ \TEUT IS (SOAP PRODUCTION)

ool HIO -
It ufafesar:
G HEwarAT fdfeha
(a) Fat splitting reaction

R-COO3: -CsHst+3H,0—3R-COO-H+ C3Hs OH 3

(Triglyceride) (Fatty acid)  ( Glycerol)

(b) Saponification reaction

R-COO-H+M-0OH — R -COO - M (soap) + H,O

where M is usually alkali metal (Na or K)

w sheet : Steam
Flash tank
Holding tank
NaOH
Hot | Mixer r—@
vater
1 Blender
re—Hydroliser _@
fmatst—- High =
naty vacuum Soap to
still finished product

\)/ M pump

15-20% l

glycerine Waste Bar soap Spray dryer

recovery ‘

Powder soap
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PIESINEIE I
PIEDEEE]

SR clav= (Hydrolysis Tower) darRil fowRIgsd (Glycerides) 3for
JIR® (catalyst) introduced &e STd 301 3= a1d (High Pressure) 3{goe aruft 230-
250°C dIaH R FTEIRESTA favg &2 (Opposite Side) Sd, 3101 CRITSIRIEEY 15
% -20% TSERI ZIUMHg (Glycerine Solvent) Bt GRTE (Fatty Acid) 3foT foaRiaaed
S%b B Slld. Tlaval deslRi Bhel URTS Tz erbied (Flush Tank) sifaRed aes wrgd
CIH U] g S [0 Sl

%e et TR (Crude Fatty Acids) agd fefReee (Vacuum Distilled) & ST
31T fEfRe e Refleae ey oo STd. UdhaR fash 11w IdTe U fdhar Jeur IadreA
Tt IUos 3Te. Tdd g1 Wie fAgund kel TReael oilkes dieT (NaOH ) [y o1 Sral
30T oI Wie sdexHA (Slow Speed Blender) Yotz (Saponification) guf &o
EIGH

SIY SR UCHh add PO S OR Swdd sOSHES AHU TRH Hocdl 3eigR TR
0y fdhar dodhaR (Flake) U0 &1 SIS, X!, MR Ul (Packing) 3TRZFT &1
BIIRERASIG]
3.5 SMTYRTAR JTFUITR GEiTepRor (Total Fatty Matter)
HISUT=AT UG FaTd Agardl gedh Ul I/ THUT et Hex (TFM). Ieomaed TFM 3 Jaro
fordor SR 318 fden! ATl TureT IiTet 3¥9d. Bureau of Indian Standards BIS T9R, 38 1
IIEUIHH 76 T fHOM TFM R0 3{Ta=0ed 38, aR IS 2 301 IS 3 HEY 3Iehy 70 Tadh 0T

60 TGP fHHE TFM 301 TGS 3Tg.
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Ui Rd I

Unit IV MANUFACTURING OF POLYMER

Rygid fRraror il (Theory Learning Outcome):

4.1 Classification of Polymer on the basis on Origin, structure, Molecular forces and
method of preparation.

4.2 Raw material, Chemical reaction, process description with flow diagram
manufacturing of Polyethylene by Zeigler Process. Types of polyethylene.

4.3 Raw material, Chemical reaction, process description with flow diagram
manufacturing of Polyvinyl Chloride. Types of PVC.

4.4 Raw material, Chemical reaction, process description with flow diagram
manufacturing of Polyester from Dimethyl terephthalate (DMT) and Ethylene
Glycol (EG)

4.5 Uses of Polyethylene, PVC and Polyester.

GITeriR FAR 10° - 107 2T OGS Tl XU (Atom) SIS SRIATd. TITAHR AR
(Polymer Monomers) JRIgtl dhoied Tayd JFCHURH Scel 3dl. ifereR fafdy gsr=n
AR AT AT (Separate) Hd SIS Ydhdld SO SRATARG Hifde SfoT A
ToTYH U7 g,

4.1 UiTerRd FffeRoT: (Classification of Polymer)

UiferiRd aiffepvur AT SaRiTl SMYRTAR, (Source of Occurance) SRATA YRTAR,
(Structure) 3TUTfde ST (Atomic Force) 3MYRTGR 30T TURIAT UGl (Manufacturing
Methods) 3TURTER &l ST,

IRITAT MTYRTAR UiterHR™ a¥ffeRur: (Classification on Occurrence)
1. A9fife uifermR(Natural Polymer) ® dfferR fumfd Aufifefvar smewam. 3l

Ui, (Protein) ¥eTd, (Starch) Segars.(Cellulose)

2. Ridfed uifermR(Synthetic Polymer) 8 TR AMdl 8Xd&UM TR &dl Sdid. 3al.
ifaifd, (Polythene) ATI, (Nylon), Giferex(Polyster).
TRE-=AT MYRTER(Based on Structure) UferdR= aifferur:
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1. Vg uifersR: (Line Polymer) a1 OifieriRy e ¥ AraedT SRIdTd. 34, Ui, rai.

2. XTERIEd UiferdR: (Branch Polymer)dT UifeiiRAL T ARacs ied QM@ I, 34,
TIPS, AR

3. WIBIGR Uit R (Nested Polymer) a1 uiferReae BAffda STt 3/ d. 3al. ddhdgc,
AT

Mo TEATEAT (Atomic Weight)STYRTAR UiferaRe aiffeur:

1. TAEIE: (Elastomers) g GITeHR dditd SRIdTd. 3al. &R,

2. WrAEH: (Fibers) g GIAR YTAT=AT WU SIS0 d Hedh SRAdNd. 3al. Tie,
BIGICH

3. YHTETRea™: (Thermoplastics) § UIfeR TR dedTar fadasard ST 48 ATeaaR H8h

4. YHNEEH: (Thermostats TItAR TRY HedlR HedH gidld 30T AR fadesd ATeld. 3ar.
Joharse, TS,
TN UG eaT JTYRTAR Ulferdvd quffeur:

1. YIS UiferR: (Combination) A1 UGdId @8 g YU Uhd dH& HIS TR daR ohdl
STdTd. 3T, Uifaifdq. (Polythene)

2. Age YIHR: I UGdid UL U 1A UTuR fdhdT 3= g1+ U] §TeR CTabdld. 34T, ARIal.
(Nylon)

4.2 UTes iU Ui Rd (Polyethylene Polymer) W&R

> BT SR uTdigfAei= (HDPE): (High Density Poly Ethylene)

. fdd@uar auE™: (Melting Point) 120-130°C

« °9aT (Density) SRd 3 e, HDPE A& U (Center of atom) 3$if¥ie el U
(Pack) BIdTd, ST IT fddesUard drud (Temperature) SR 3.

> @ SR ureligfAeni= (LDPE): (Low Density Poly Ethylene)

. fqdevar agaE: (Melting Point) 105-115°C

« U1 (Density) $H 3/ gedges, LDPE HE 30 HUI (Less) U glald, SUges ATdl
fadesuaTe o HHT 3R,

> fafsR @ SR ureiisfAei= (LLDPE): (Linear Low Density Polyethlene)

. fddeuar dgar: 120-125°C
faqesuare arad HDPE 30T LDPE dieard gead (Medium) 3.

tlﬁﬂgﬁlﬁﬁm (Density of Polythelene) 3= &1d WihdgR 0.22-0.]3

ST ST UihAER 0.%&
ureisfacia Us: 1.5 A d 3 fore e, i fbar Uraer o uard  Torgs e fash .
Tl gl ITGATAT Ul
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e URR (High Pressure) (Rooo d o0 atm) :aﬁmﬂa MM Qo00-300 ST
IR WIEs ISRGE (Peroxide as CatlalystyamR && fasRia dwaet  Sfor
HH g ¥8H SiRUCs, FHH! fadavar draHM UifeiR daR SO 81 Jes Ufhar gid.

ASHH  URR (Medium Pressure)(3e-200 atm) 3R fhfeed Ugierad Hu-A
fapRid odl; IBR® WUH MoO; or Cr,0z0n alumina (Alumina) dTaRdl, Se®yul,(Hardness)
Thedhdr,(Crystal) d=adr (Ductility) et 3Mfor 73 fdg 99 aidlNg 3= g-dd Uik aaR
B,

o URR (Less Pressure) (&-20 atm): 81”1 SfRict uifeide= (High Density Polythelene) @R
HRUGTE! He5 Ufehal SHAT 81 et 1orTer (Dr. Karl Zigler) Ti=t fa®Rid (Develop) Fet. ard
SGAFATY TR gad IARS ITIRA Sfd o Wi 4Iq=al sRefegads (Derivatives)afsd gid
S DI TiCla. (Titanium Tetrachloride)
WWW (Polyethylene By Zigler Process) ScUlg
ol HIA: (Raw Material)

1. T (C2Ha)

2. SNTER-ATET IARF:

3. 3ffethd TGAIT (AIRs)

4. THOCHYIH ¢TSS (TiCly)
Irafe sifdfear:

nCH, = CHy — - (CH, - CHy ), -
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Chemical Process Technology (313337)

ek ufbde  uidisfU¥eie  I@eA™l Al pdiug Wikdr  quie
DrierI
V V ;
Light
Ends
Aluminum Y
Alky!
Catalyst | | pilyent |
. Preparation A v
TICQ
i)
Ty Driers Lj T
Catalyst ' Heavy Ends
Slurry
Folash
rum
Wet
Reactor Slurr Polymer
[|1]1||——>{ Orier
= Filter
Ethylene_| Trestars | |
l Polymer
Sulfur Water FOf‘mIfg
Cormpounds g(% Hy0 Treater
- HyO Make-up Polyethylene
Fig :f3TeR ufragR urensfyed= (Zigler Process Polyethylene)
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SITeR ufehd= uteils e SeureT ufshd 9ui: (Process Description)

1. &= "ra(Raw material): T SUEH IR Iebx (Sulphar) Sifr @ge T=4 (Light
Ends) avTed el STTdTd. ok SUci- IR SHifdas (Oxygen) fdvar Qe S o o
I CeaaRe e (Titanium Tetrachloride) Sfeqfifaw craaferd (W8dT Trag i)
AT IGRBN (Catalyst) AfShT & HdId WU d HIgd CTHUINITST Ufehar dait
S1d. TG YA 9 (Ethyelene Gas) Uldiig e (Polyethylene) STTGTRITAT aToRal SITdl.

2. SaR® fAyurCatalyst preparation): Sffeha Tegfaf=ad (Alkyal Almunium) 3ffor
Tead Cerdarigs (Titanium Tetrachloride) I flsor (Mixture) U= ¥OUld
C5-C7 Iqw Wit Sregue (Saturated Parafin Diluants) 9ed fauTisia (Divide) &drd
. & dad A (Ethylene) R3fded@e) 40 (Pump in Reactor) &dl STd oY d 3AR®
SWUC (Catalyst Diluants) TdTgTd Jad i@ S,

3. urenHRmagRM Refaex: (Polymerization Reactor) SielH 3T 3aRk® Rafdexasd 3=
ag (High Pressure) ofor f4dfAd dodME (Controlled Temperature)  SffHfshar
(Reaction) ®drd. fafRmy dieege (Special Solvent) UiferRIgSIRA 3Hffdar fRudt 7 atm
gauge 3f0T 70 °C 3.

4. GIrR §WRRM: (Polymer Seperation) S1d@® (Solution) SARGBIURA avTes HRUINIS!
SURIUC Tl 9= (Effluent Flash Drum) ATfdidhd STd. ®RedT 3/@®d (Dry Condition)
3dd SaaRid (Flammable) 3M&ced] SARDBET AR Higd crhuaradl a1 fawroft
UIUgTET AR ohell Sifd). i<l diee ( Flush Solvent) AEd ATSHR (Moisture) Hlg 3
f$ReTs (Redistilled) HF- /T IBR®(Catalyst) BH3HT e A AR B i,

Uldigfei wRY (Polyethylene Slurry) SAR UaTUfURET d7Tet Sl ST,
5. QIRIAT 3Ifr IR (Washing & Drying) lcisidq wRiadte ol Idws gl
(Cetrifuge Filter) a7 &l ST, {hecxTYA dTgR USUMT M3 SATdld  I&Rd(catalyst)
PG CIHUANITS! Ufhdl B U0l AadR hal oidl . 3R Uerdfugd diesT daia
Uiciis el ghaa S,
6. UTAISfAe dafew: (Polyethylene Paliting) UiciSRIciy o= ey ar@da WA, o]
PG STdTd U SIS Weard (e, T fdhar Urde) daR dhal SiidTd. 3iddaR
SMYTRA TrelgiAen Sdied Q4 d %EH%’T(Percent) 3Tg.
4.3 UifeIfaATsd F@R1sS (PVC) SWTe
Hdl ATA: (Raw Material)

sfUeF (Ethylene) - TRIGH 81 U SSIGIEH 3Tg Sl A4 IRy 30T UcHoaaHe
[EEERIESIGE

FORI (Chlorine) - TS AT0aT ST firdT=ar @ofigd fH@dd S
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fage @RIss WMHWR (VCM) (Vinyl Chloride Monomer) - 8 PVC @R
RO T Uk 3MTg. [aTRe FoRISs RS AU FORITIRE GUR BT il

Jfsfegs (Additives) - PVC TR &xarT fafdy geRa Sifefeegs arRe Sidrd
oY @) WIRkedras, (Plasticizers) Wa@masrd (Stabilizers) e, 3.

UifeIfaATsd TARISS (PVC) SWTGARN I rfuferar: 3 i sar |

(Chlorine) e I SfifEhar e e wiRES HFER (VCM) daR el ST,

H H H d

T N -

C=C +C, — H-C-C-H AH = -175.3 kJ/mol
I ‘ I

H H Cl H

Ethylene Chlorine 1, 2 dichloroethane
Dichloroethane is cracked at high temperatures in the gas phase.

H d H d
[ . soocc | |
H-C-C-H——— C=C 4+ Hd AH = + 72.8 kJ/mol
| | catalyst | |
Cl H H H
1, 2-dichloroethane Vinyl chloride Hydrogen chloride
H H
. | |
HC=CH + HCl — C =% AH = —98.7 kJ/mol
| |
H <l
PVC IMTGATHTS G SfHfhaT farsa FiR1gs HFIHRY UTelHRTaSIR 3ig:

fo s FRgs AW (VCM) @ UifeRE=RA  (Polymerization) WfhigR
UiefifaTsd FaRgsHe (Poly Vinyl Chloride)FuiaRd & ST,

- H H

| |
nCH, = CH-Cl— — (|: — (i; -
L H Cl 1 n
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giferfaTs e FiRTsS (PVC) ST YaTg pdiae uihar auf

e

e

Cakahkest

Creiergent

VT RGOS S

Continuce s T
Prodbsmerizer

R T T v

Fecycle | %
R E Allernate ooy Fr
Rt

i — r

FEsh

Cirumn } A

- D
o il=d kon Tere

Whaler Phase

ufepar aui: (Process Description)

1.

2.

fagd FREe AR (VCM )dt darl: 3Rieis ool R g fayor s faarsa
FIRTSS THIER TIR ol ST,

UIdTERIISIRA: fasd RS AFMR (VCM) d GiaiiRIagRH fafay ugdi- ovd SiTd:
I YIRS (Suspention Polymerization)

HHER (Monomer) 30T gfAR1EER (Initiator) § &9 87 Ucd 3MTgd.

TR 31101 SARITCST TehT T JHIuNd urvar e figes e Sird.

1 flrgumaT (Solution) ¥dd 81@dae (Continuous Stirring) STTd, SATHe HIFIERTAT &g
It =1 (Structure as Small Drop) gid.

sFRuea Hedh, AT tifomRAse T Uik 8id, Sae aroame | favgsdr, (Non
Dissolving) IR G8M @8 UIoHRd $8H @8 HUl (suspension) TR Bidrd. dl
Ufhdd WIOISR ¢Wl® dlURe Sldld Siuide dd UhAmHT fhded S 93d (Do not
stick with each other) TR FTdd PVC &7 31feeh Y 39dTd . 8 Ugd I gl UlfareR
(High Purity Polymer)H&quarTd! aToRe SiTd.

SHRM UTMRIAgRE: (EMULSION OLYMERISATION)

AR, Tthade SAR® (Surfactant Catalyst) 30T 3HRWeRar urvard e Sd 3nfor

UTAERIEIRM (Polymerization Process) Uil = bt ST,

SHRM UIIRARAA, T a1y BR[O (Formulation) TS UI0ATE 100 YT, faAgd

AHET 100 HTT, TREhE IGRBTET 1 HITT 30T fesic SHRTBRRT 1.5 YN, § Idd fhar 9g
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e a1 (Pressure) 31’@-@?” (Nuclear Furnace) fadl SIra, &t 72 AraieT Hraadardt
(Time of 72 Hrs) 50 {3t AfTagar Hrikd 3.
TRIeR IR HUl 3 SHIRIBRET Toid Sig U fRR &l 13, Wdhdrd
3TFOT faTS T iR WU fadhal ST, WehdTd. U9 TITeR Sfasd ST, o Thar 3
DS B diBdd Sld fdbdl U BaRUH-dresdd SiTd.
T UTMRER: (BULK PLYMERISATION) VCM Tt 3¢ IaRa e IufRidid sfufaar
H PVC TR &l S,
1 SN 75 B0 (Seperate atoms) TIR HTeiedT PV C HUMHT UITATURT oiTes dhal
S,
2 QIR 3107 STRAT: PVC 601 W5 43 Jhdd SiTdTd.
3 UQATET: (Palleting)PVC T BIT TMes TUR e Uil el i,
PVC d UPR:
1. fRfSre PVC (PVC - Unplasticized PVC): (Rigid PVC)
o B DHSD A0 Aol 3.
o AR UTsw, fdS! e, St i,
2. FfeIad PVC (Plasticized PVC): (Flexible PVC)
o B dafdd IO H3; 3.
o AR faggd Had SR, TN, HHAA Aax.
3. FRMR™Es PVC (C-PVC): (Chlorinated PVC)
o B AYP qTTHM Ug H= b
o ATR: TRH 30T ¥ UrugreaT ursw, Sl s w.
4. PVC B S
o T gAd 0T Aolgd 3.
o AIR: SIERId dre, Hi-aR, Yollae! A1fed.
¥.¥  Uifereed 3dre (Dimethyl Terephthalate 3ot Ethylene Glycol Urg)
bl HI:
1. SHMHYTSA SvwIde (DMT)
2. T /raeid (EG)
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I Srffhar:

CH,-OOCDCOOCH, + 2HO-CH,-CH,OH —2kali |

catalyst

dimethy! terephthalate

HO-CH,*CH,-00C- O -COO+CH,CH,0H + 2CH:OH

polymenze
1 -H,0

H—[O+CH,-CH,-00C Q COO-CH,+CH,],—OH

SAHURT SXWITT § H8 NI SMAURE daR $had swex (Ester) 8. SWRIadH
T § WRI I (P-xylene) SISIHRUM TR &Hdl SId . 3%X ¢ ST AADIAHE
SfYH Tegad SIS UITHRISOIRI fA=0T (Control)aR0l AU STd . GITCERTIRIRIYE $%¢)
$cd (Ester Exchange) 3ififohdT sfesaii=dn (Base) SURIdId gld.

. Polyester
DMT
L | .
Ethylene Polymerizer Vacuum polymerizer
Glycol _:l_, -—l
Catalyst ‘
Spinnerate . ‘
Transesterification Reactor ; :
Bobbin  Winder Fiber
Uifered I aiF UHE WRIAE dhdl §1d : TR HRA (Transesterification) 3ol
Uidide~a=. (Polycondensation)
wfosar quf:

1. SFAUERB®HRA: (TRANSESTERIFICATION)
o SRS SXWITIe (DMT) 311foT Tl W@ ia (Ethylene Glycol)) T fERTesA
AU Rthah R Rerdexddd (Transesterification Reactor) Tde STTdTd.
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o g Bis(2-hydroxyethyl) terephthalate (BHET) 9OR gld.
2. YT S~aRM:(POLY CONDENSATION)
Bis(2-hydroxyethyl) terephthalate (BHET) @I Ulclidha~a3M R3faeq e TRY oal

&« 0 o o wo

OO:bOOO_OJOOO!\)OOO!—‘

JARBTAT FURTT g1 T TRA dedt ST,
SR AT (CH;OH) TR Bidll, S Tdd IgA clahdl SiTdl. ¥d [Hd-1d dig
STHuaTgd! SifNfehar 160 f&Ut Afcomar I T& qId 3Mfon 230 f&h Afcoda

ATgH aTed.

ST,

I dT9A S1foT Fafarear aRkfRudta, Bis(2-hydroxyethyl) terephthalate (BHET)
=T YUAE HfNToRaT gid ST Uiferefiey SXwidie (PET) TR 8.
1 fuforddA stfafad i WWdid (EG) dTer USdl.

TiferHR =4 31T Ueifd:

TR el UifereR fadasaiedn o dgr Hladl S,

I BIC BIC TMed (Ueicd) §9dd SITdTd.

8 Udicy U Hed Uah ol dhl ST,

& "iferged= uifafamge waR1gs Snfor uiferex o IUANT:
tlﬁ%ls'ﬁﬁﬁ-‘-r (Polyethylene) ¥ SUFRT:

Eﬂ%w
FHeTd

e fher
TR SUART:
fPaa deR
AT STeed]
PR

I
TS SO s
dlcy <
CERIEENRIE
PI:

UErHY e
Tfed T ey

Uifafaqrsd FRES (PVC) 3 SUANT:

1.

qUBTH:

o UTSTH 30T fbfcw
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o ST 3nfor SreR g
o T SIfOT FeT 3T ere e
2. gafeeed:
o AR A0 el SR
o Sfdcdhd degcy
3. tb‘ﬁil'\f:
o R HRY
o PAT AR
o NRUSS
4. Gﬁ@ﬁﬁ?aﬂm
o UG TRAT SUHRO!
o WS TH
gifereex (Polyester) & SUART:
1. %WETE’F\‘T:
o dUS
o dexiicy
o USq
2. Ui
o RS e (PET)
° HeTd
3. ssfReyd:
o ey
o iR higaq
4. 3fieHifes:
o R Ul vgd
o Wi degq

5. WBISERdT:
o dicH 3T Wiy gfpurc
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3epigid o fbierd IdTe

Unit V PRODUCTION OF ALCOHOL & PHENOL

5.1 Introduction to fermentation, Types of fermentation

5.2 Raw material, Chemical reaction, process description with flowsheet manufacturing of
ethanol from molasses.

5.3 Raw material, Chemical reaction, process description with flowsheet manufacturing of
ethyl acetate.

5.4 Raw material, Chemical reaction, process description with flowsheet manufacturing of
Phenol from Cumene process.

5.5 Raw material, Chemical reaction, process description with flowsheet manufacturing of
Phenol from Raschig process.

5.6 Properties and uses of Phenol and alcohol.

5.1 fPpuaamrd siew (INTRODUCTION TO FERMENTATION)

fd%UaT (Fermentation) 8 STaRIAM® (Biochemical) Ufshar 3ig SOHe g&Hsia
(Microorganisms) g Temifd FUdR &Rd I, a1 Uihaue) de (Yeast), dacfan
(Bacteria), 311for §R=M (Fungi) I THTGRT 3Rl fdhua- Ufshared TR (Sugar) fohar werd
(Starch) TR HTEEAIScHd (Carbohydrates) dRFM 3/qee 8,

SIS 3femigid,(Alcohol) HTeq SHsiiaags, (Carbon Dioxide) 3ffor fafay
TRIST (Acids) TR BIdid. fbuae ufshdar Ui Sfagi (Ancient History) 3R, ORI
quigdf, AmaT Aafie feuas ufdsdan (Natural Fermentation Process) aTR & 3@
(Food ) 30T Ug (Drink) TR &dl. Iarexond, SR oifdr Audiete dpdias
)Cultural) TSR 3MfOr I (Wine) IdIGH &l O 8. ATAB! APl fhuaard fafH
(Fermentation Science) ATfgd Aagd, TR -l SIHATAT YR T HlohaT aToR ahal.
foruasT ufehdd S g1 U R 3imed: (TYPES OF FERMENTATION)

Aerobic Fermentation: & Ufehdl SfffaRror=ar SufRdia (Presence of Oxygen) gld. 3algRuNy,

RR®T (Vinegar) IdigHe 3iRifcd URTS dacfikal (Acetic Acid Bacteria) Siffasr=ar

JUTRYed 3ATad (Ethanol) 3iRifead TRIsHeE (Acetic Acid) FUIaR HRdrd.

Anaerobic Fermentation: & UfshaT ffayorTear SrufUdid (Absence of Oxygen) gid. 3argxuny,

YT IdTe dRe=AT (Yeast) Haad 9ReR fbfUad (Sugar Fermentation) e+ ol ST,
fopuaH Ufehdat (Fermentation Process) 3TN 3Hd SUNTHE ol SITdl.

37 3ATOT 9T (Food & Drink) STNTHA §8,(Bread) Gal,(Curd) die, fasR, affor
qre==T (Wine) IdTeA e fhuaHrd aidt Yt 3is.
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Sed I die fhuaTa (Yeast Fermentation) WRER 3fTgfed gid 30T Hraq
S3fIdRs (Carbon Dioxide) TR gld.

WS o8 Bl et (Curd) 3T it Iargme dfdes TS (Lactic Acid)
JaciaT (Bacteria) guTia didcrora (Lactose) difded URISHE FUTR $HRdTd, SIS Gal ST
ol TIR BId.

fY3R 1 arsTe AT die IR fohf0ad s siedbiaid (Alcohol) 3T HTe
SY3FTSS TR BRI,

3NN &aTd, Saged (Biofuels) STEATd fuaHT=T aToR Bl SuTedt ARG (Sugar
Cane Juice) 3UHicd IdGT HEd d YT (Fuel) BUH dWRA Srd. fbuas wfhdges
fwefAffdiaeds (Pharmaceutical) Hewart YfHeT 3%,

3o Fdamifedd (Antibiotics) 3T siwe (Medical) SdTe fHua TfhagR B,
ey, 9T (Penicillin) 8 iy sRf=am (Fungi) feuaa™ 9aR & . farvae ufhaes
313 Uyl Qe AR W (Self Life) dreadm Ad. Iareond, agt Mfor diermed fasva-ges quR dad
dffes TS daeRaT JeameRS geasiaiT (Micro Organism) -8 &Rdrd, Sames g uerd Sia
DI fdhdrd.

fpuaT ufsde anfe I=Neq (Scientific Research on Fermentation Process) 3fifor
dFEeS (Technology) 3TN IdTEATd Idd JURUM Bid 3Med. Td- Jeoiiard e, uka
fua o3, (Developed Fermentation Technology) oifor fAdf3a faeuaa (Controlled
Fermentation) Ufshad aT0R aries fafqy ITMTHS IdTa1&Hdd dTe el 3G

fpuas Ufehar Taiarur (Environmental) TGl Al 38, HRUI O Adi®Roig
AR $oll SdTed FRUN HAad HRd. dge e uftar shenfiie faem sifor uafazo
TRefumaTat 3ifard (Compulsory for Environmental Protection) 31Tg.

fohrua Tfehdar Yidwrdid aTR 3ifd US ia S=Ri AT 3MTg. A daAH, T=Me,
30T eAsiarat Arfgdt (Information of Microorganism) e fbua Ufshdd sifde Fa-1diH
MY AIOT FUROT gichtat. IS e aandia fafdy Icg-dT Tora (Quality )3for
JATEAHdT (Quantity) dTed.

52 WO URIH s34Te i uf$ar (Ethanol from Molasses)
HISAT (Molasses):

oAy § U T18g, e, 3 s RRY (Syrup) 3M8 o TR IdTe Ufhddq ffesd. §
A 3T fohdl UReR siea1 THURH (Beat Juice) 4.

oAt I™EH® WA (Chemical Structure)  3ffor Tored (Properties) amdes d
3ehIgle IAGANTS! Jfdd IUGdd 3HTe. Hodqq el THUNT JRER 3d. Todaqed @il
S P hiekrdd, (Calcium) UICRRrAd, (Potassium)  HIR™H, (Magnesium) 3ffor &g (Iron)
3T, HIGqHE TSl YHIUTE UTof S,
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A Saccharomyces cerevisiae 9 % fHae:

Saccharomyces cerevisiae g dRcd Udh WK e o Hehlgle G faRvd:
RS S, § WX I 3ePhIle eIl AT Soe BHeHATS! (Fast Fermentation
)3fizEd . § de I=1 arodHEId (High Temperature) ®rfeds 10 S 30T ot
Jo5d SR YHTUT 3fehlglo daR .

B  gAlgpoudl aart (Preparation of Inoculum):

dRe gyd YanTRIeSd (Al ardrarund (Controlled Atmosphere) aiédd Siid. dheak T

UIYe dedid! A1 HRUR 3RId, S YRe S@¢ dled.
1. TR Hee (Flash Culture): T8I HHCRM ITo! BFTUIR JReedT YHTUN a1 R,
2. Hts & (Seed Tank): TSI HeeRHY AGIGS AN U1 ThId 30 SN,

3. "ge®: NHsNO;, NaNO;, (P4H4)PO,, HySO, 3T urolt e die=n arera! saai

gIdraruT (Real Atmosphere) dOR o ST,
C Preparation of Medium

TSIYUR 3fehlglo SATGAT AT TRt HRAMT Gale Ufhdl U] S,
AoaY ugrd favea @t digar (Humidity) 10 @ 18% Tdd %ol oid. § Aoy I
WHeZA A1egd (Medium)  TUH ARG offd. Hioad=l oead (Quality)  gewom
HRUGRIST SAATH Tethe (NH,)2S0, fdhar s ad hiehe (NH,);PO, iRIRReT Ui
dedidl HR gIdo! .

? UV% dd die=r ardiadt (Growth of Yeast) 3Taxde 3gdrd 0T BHR=
HIAEHAT ATeddId. HIETHA pH Hed 4 O 5 Tdd JHAING SRS Ia/R® RIS
(H,S0,) fdhar dfacd RS (CsHs03) aTIRSG SId. ofded WIS (Lactic Acid) faziva:
BRIGIIR 3 BRI d gieRe TRTS sacRaren ae ufdsfid ®Rd. pH 5 U&T B! SRIHT
ofdesm URTS dacRarh arg sredat (Growth of Bacteria reduced due to Lactic Acid)
ST, HIo S UTudTd faRaas Sfiftl Uive daid! HR O16- BHeRM J1H TR & ¢ oid. pH

3 IRR U1 Sfehlglo Wigdl d8d Anaerobic diges, @ody @reqd
FISI o [hRUT RO STaRIEH AT .

D  3fePplgifod BHeM (Alcohol Fermentation)

3ehigiiod WHeaH (Alcohol Fermentation) 8 T& Anaerobic WHeMT!
IETERUT 315, T Ufchdd, AR TR HThIGIG SN Hla SHSHRIZSHE TUIR PR, Bl
gfehar géle vl UR USd.

3eHIgiod HHCRM &1 Anaerobic (SHTTRISHRRT) BHCRM Uihal 315, BUeid gl
gfchar STTRTS=AT U UR USd.
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HHRA S, TRe IR WUIMR AT Ble SARIEE (CO,) I&hid a3, §
CO, TTAERUMS SHTTRTSI STeX @b G- cldhd JHTUT TSI Anaerobic dTdeRul TR Bld.

IAPHIBIGH BHIM Uihdl SHWI&US (Exothermic) 38, TSI AT Ufshad IWTdT AT
Bd. M BHEM G BHexd diad dTed ST araae Ffa sxuar! siazgdhdl T4,
THCRM UfehdT WYRUTUY 50 IR TG d. IT Wighaa dTadM 30 o 40 T3t Qe e 3ao .
e wICR (Yeast Starter) 30T H1eqH i ook BHCRM & 8l

3D IgIoD BHCIM &l U JHGIoHR Uishdl (Zero Oxygen Process) Mg SaTd 4R
TR TR e IgIo T Hla SRS Hd. T Uishdd CO, IMid Bhe RIS
qTeR T od 3O TSI Anaerobic aTdTeRY TR gld.

e Ufghar 50 9 (Hour) TS SATFOT dTgHT 30 d 40 St AfRTery gvwa 390 md.

Invertase

C12H22011 (Sucrose) —— CsH120s (Glucose) + CsH1206 (Fructose)
yeast
Zymase
CsH1206 (Glucose or Fructose)— 2 C:HsOH (Ethanol) + 2 CO-
yeast
E Recovery

3eHIBIG IATGATA JAuil Ufehdd, HHezM-dR dOR FMoed SI8R= (Fermented
Mesh) 2 UG 3fehigioddl TUidR HRUARIS! f$Red= (Distillation) amRe SiTd. 3 SRS
eHII® BHeM Uit ferde dera fefeszm &o o, fefedzm ufehdd 60% Schigie
ST WraR=-1 81 dTsH(Fractions called high wines) UM, § 60% 3chIgI® 3G (YUl
gelo fEfeoz ufohdd aTRe Si1d. 81 ars-1d §: f$RedzM (Redistillation) &+ 95% 3{ehigio
RT RuRke) (Raw Spirit) zae od. fefedzA ufhdq Heddd siehiglo 95% Zgdd 3.
e IgIod 95% F[GAUa SR fHesaul B30 3RId HRUN Seblgle Il Uil Teh 3refiengiits
fBrsfuT (Azeotropic Mixture) TR &Rdld. 95% 3fehiglo SHUT 5% TToaTd fAgur, o gA: feRedzM
H-Tg] diTes gid HTal.

95% S3ThIGIGHH® 5% UTUN AV HRUANIS! SfHSNU® e TR &0 o, d3ii,
(Benzene) TTOT, ST0T TUHIG AT - Ucdhid AU TOR e d foReozd o o,

drgqH dleqd feRedzM Heur deiH-uoi-ud-ie (Benzene -Water- Ethanol) fgomd
(Benzene-Water-Ethanol) d7es gld, SaTHes 100% 3G TUHI® fHesd. sfadiege TdHi® (Absolute
Ethanol) & 100% 3G 3G fepiglo M8 S 3MEf® (Industrial) 3T TGN
(Laboratory) dTiRIETS! IUgdd 3Ts.

FHIFHMR dOR ol S8R fSReoz™ H 60% HePhile (81 dls) Hoas .
U dRTd O SRz (Redistillation) & 95% 3o R f&Re) TR & .
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33Nt MRS 950 V&l SRd il fesquardt dgi, arofl, sifor vdHied fHyor
TR B FSRESZH B SI1d, TS 100% g WHTS (Pure Ethanol) e,
F By-products of Alcohol Production

3fchiglo Idle Uichddd fafdy Iusdre (Byproduct) fresdrd. a1 Su3deil
IR fafdy shenfies (Industrial) 3nfr saGA®G (Commercial) IEMATST HST ST
ffedzm ufhdq S IHPBUR WH 356 TR gid. WS 356 3 T-d: n-3H8S
3fehigio (n-Amyl alcohol) 31O Isoamyl alcohol e ST 3/q.

RSl 3HgoST AR RIS Th Bdh Alewe (lacquer solvent) U dTiReS
Sd. BaR U UHRD URGI® fhal SJURGIS DI 38 of T&I: BiHaR S HRATS!
RS STd. TS (g T8 PP Hleaae (Solvent) 3MTg.

iR UipddT CO. SN (Evolve) Bd. CO. TieT B A S 31EY (dry
ice) A FUMR o ofld. SN MY WU T WEAG Hla- SHSHGZS. T aR
fafay IeRNATdT et ST,

W uerter MaeRumardt (Refrigeration of Food Products) deidld &3,
(Medical Field) 3i=Nfi% T@=sdr, (Industrial Cleaning) fa3W uya fAafor HRuame!
(341 Yo AT HROITTST) ST
o R g sdTe AR wfssar (Industrial process)

ol HIG:

1. HIORN - SUTIRE IR i i et Susded.

2. Y@ dd - IReT dlere! 31axad. (For Development of Yeast)

3. TRl - JaRIDBIIIR.

4. ORE - D IGIGDH BHCTA!.

T Sifdfear:

o REHE 3Tl JhioT (ARAR) (Sucrose)d TRewT WRA fehigliod BHERM gid Tl
AN SIS (CoHsOH) ST HTe- SSHTRES (CO,) TIR BT,

C12H2,01; + H,O — 4C,Hs0OH + 4CO;,
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s
Sterilizer %
olas: Yeast
Storage Tarsuan

Beer Still

Rectifying Colurmn

Aldehyde Column

O =

Water Scrub With1:2% Alcohol

To Waste Disposal or
Evaporator to Produce

P = Partial Condenser or Dephlegmator
H=Preheat Exchanger 0% Sihangl Deratured Acohol

Wfehar quie: (PROCESS DESCRIPTION)

R dou foma 3¢ M dfsdd dqof feor o ok, Tde JAuNmel sazad
3rgoedn fafay e, (Tank) ®iew, (Columns) 30T IUHRUN Hitd Ao qrREae 316. ol
Ufeh a1 U Idd SIG UiohdT 38 SaTd HIo IR 3UI® MHd! B! ol

MRS U WS CHHe (Storage Tank) a0 Od. Continuous Diluter #ed
o ReT urdes (Dilute Molasses) &% dr U MiRad ga-dl sol i,

o R WROTER (Steriliser) A Ud@ Hocdl Ao RNGT T HGR (Steam) TRER 6o
S, ORe <o Ted YReaT Uids dod SATIOT Uroft e s duR HaHaR, BHeRH b AL Ul

Y e ghioioT A6 AT CO, A daod. ®hex (ScrubbenT@& CO, 30T H.0
HHCIF ChHUYT ThavAd 1A, I UToft 1-206 3fehIGIowE dley WhagR Ydd (Wash With Scrub)
o1, feR o 7 wieaH cpudie sauerd sierR feonsd W, S RiflgR 31 daTha
Jqo0 . 3HtSese PIoH A SAe AYF athqd sicsssed (Aldehydes) ®lee .
w1 wieadr (Rectifying Columns) ST S0 G HRUTITS! BHoT ST,

1 TRAGR aTt%hd ag& e (Gasification) Bid. SgrIed Reo A 3fI® G UG TR
HUTTT Udl. SYRC SANG ST SgRc T o ST JRie sauard Id. FHftfd 53416 ©Re
<HAY AEAuNTS! B,
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g Il ufshan AR 3@ FGdd 3@ (Highly Pure Ethanol) TR
FRUGNTS! Th AAYIT HTOT aFIMHS UG- o1 3T
AR HAT HIGTUTYH Sedlgiod 3drg (Alcohol from other Raw Material)

ST 30T Hioad Yasit d, Bi+,(Corn) g (Wheat) 30T Tewrse fof&s (Sulphite
Liquids) TR R el HIGTURI 3Hehigle STe-Tdl Uichde 31y Sl
A AUHA SR AcPIEO

3 IHBae Sld, T R /T pH 5 Td THEIRTG FoT o). UM fheezmgR
deS B! Sl 1T Wed d 34°C TAd U DS . FeR 33° - 34°C dTGHMId, Candida
Pseudotropicalis TR JHED TTH- BHEZM o i, THEM UfhdT 50 - 70 I 16, dct,
IR ITMes bhes SIId 3T Sfeblglo [SREGTGR BT WA, IHY HGS! YRR Baelsl
39,

quf 3t ST WwHCzMMS! Pseudotropicalis 81 FaaH dRe GBI 3116, 37°C
JTOHATT HHERM SI@E 81, TR I dUHMId 3iehigiod THaH SWIo Sog Bid. W
SOl dd gardrd pH e 4.8 d 5.2 I 3Td. TR d U S 3fehigiodl
IAT 94% SN0 IYNTHL 85% 38, AT HHCIM Ulshdqd d URA AT Wi IuS@re
UM fireadra.
B PIUNA 3O ehig®
ST JTS: (i) P (i) STaeH (Diastase) (iii) ATeed (Maltase) (iv) S (Zymase)
rarafe sffssar:

Diastase
2 (CsH1005)n + n H20 — n Ci2H20n
(Starch) (Maltose) Maltase
Ci2H2201: + H2O — 2 CeHi20s
(Maltose) (Glucose)
Fermentation Iraraf~® ifufsar:
Zymase
CsHi1206 — 2 C2HsOH + 2 CO-
uferar qui-:

PHIHOT HHIAL TS S, FRefaul (Cooking) SMazAH A HRUT AHS ASS U
@EDBOO UI) SoleARy 8ld. SolcReRMges a0 Alee ™oy (barley malt
amylase) ¥Tad fhUaHed TRRT TR F& Ahd. IS HHCIA Uil HfUEH FguTa
BId. THR 9 fhal Tdd HRRT Y Al 3N T SERAG! AGae SdId. Fad HRIRd
gfehdd, U1 1 d 5 A urvariad g oo STd. MHihTHe U SSTeASHZA 8hd
d W giexmed (Steam Heater) di@hTed dUHM 175°C TAd dledo Sild. & A0 gy
OIS d A SITd Sar RS dleaded T a1 davaed (Flash Chamber) dISo STd.
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TR daRAY, AOHM AR 60°C T T¥Rd. HHIAL 9 WIYRUIG: 1.5 AT e ofir
319 60 I 100 TS G Sa0T Sl RISaeo! Ui aX] Hice s dTo! 30T TiaIad e o! oid. §
RT3 TR @R d HHeHE Ureds S, f5rd fhva ufsrar & g, wiezM v fAufor
BIUR 9 UM &hd & Sdd 01 T Yaefbbze dlodadl Afddd Udde Sld.
facflhorzH dHleuad, (Rectification Column) T9d de~dzM (Gas Condensation) 8%
3fch Bl IR Bl
C  TQUNgA 34 3redigio (Alcohol from Wheat)

W, DHIGIEART AT faeh! (1943) T 3 e Bi Uie} fdhal Hite 8 fdex (White or
Red Winter Wheat) T&HRd Tg 3chiglo IAGANIG! Faid arg 3ed. Aol HHARTYS,
Mg 9T0R fhuaHrd wralgrage did (Source of Carbohydrate) UM T SITdl.

g T3¢ SId 30 MBS A, MBS (Filtered) 30T G5 (Grinded) g UIogREd
&3 65°C ATUHMTGT UhT dITST TRH o ST, SUTHes JTd Gial fdhdl UeHed (Paste) ¥UidR
BId. AR d UisT Aiee Taeae (Malt Extract) €@ 48 $o 4. T30 e, TR Tsicd
SIed WA, AlecHed (FRoST Tg) SUMYd ST IaR®(Catalyst) fhigR TR
AT GGG R Bld.

SIH
2 (CsH100s), + n H20 — 2 Ci12H2201n
() (HTe2IeT)

WY AlceoMe (Maltose) FUIGR MR, TR HTeiel dic (wort) AegRH Ihaadl
STl 30T S el STal, S SHRCH ¥ BIdl. R SHIFTH BIRbe °radl ofdl. dicdl dRegik
10 feaiaTd! fhua oval SITd, ST 3Heablgid 30T CO. TR B,

Hleed
Ci2H2011 + H. O — 2 CsH1206
GISSE) (TIDIS)
EREN
CsHi20s — 2 CoHsOH +2 CO2 1
TS fifds fheer Hed fSRedRM draad SId, S G Sfehigd [Had.
v Rufe

7% RuRe g draiRRar 3 aRuiftd & oig &1 d 51°F drodMId, FHH ST
fsRees grvar= (Distilled Water) aSHRAT 12/13th IS 3R

grft Specific gravity 15.5°C T 0.91976 3{¥d. ATd 57.10 <o YHIUIYR fdbdl 49.28 Tadh
TR 3@ 3ehIBIo 3.

& Tigar goa: ol fAfRad ol To! gidl 3 & ¥ald HHSR oo gl (watery
alcohol) 3Tg, Sit THUTGERER (Gun powder) 3dedTdR UrGeR Uedd.
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R RuRens sifde aroft 3o, dR THUTER 3G 813 Ucd Alel. SRS =l
SIUTA!, FHSR AR 3fER-gwh (U.P.) 31f01 Tolgd fUReq T $iier-yw (0.P.) TEUMATd.
30 &It SfiaR-ywran 31 o &Y 100 wiegH RUReaT Trvam 130 Ficgd Y fuRke fBesad
Idt; 20 FS SieR-ywran i 3R &t 100 BTegH fRuRkeHs 80 BTegH g fafke 3.

3P IBI® GIAUIE dlde MiRad HRUINIT! WhIsH GRS HICR fahal faRk1y Tearsm s
Sicor AR ARy Teaeyud Mye! o, AR Ol eamsuazl dafid
CHBI! dIhe  ScPhIBIOAcHd ol TeHH fiwadr 4. fRRecer oW
wefAafoTer ORI BT STTal o &1 fog &R, I fdR, Turftie fufve sard.
&8 sremigio fhar furaeds faufve

S d8 IePIgo fhal Hutecs fUNT T TH USRY 3chieo 3ATE, i !
AR fHY0r S 1T 09 BUH dTIRUARRG §d0e ). JHY S0 (A UcH),
AT (AUt ueref) onfor wefiemeht 3, e, fhar =9 TuR uerd g wTaaT 3R,

Wi d Uuaemel squgad gid. ferde Sicdigiodl T&ad: awddl STl
fAciqe e, SeH, ITNT ST s Hior a1 &1 AR H&T Sl

BT ST S BT YEHTT e HRUTNTS! T fFsiqe isrumare!, 39
RUH BRI Wiy MUl SR UIcds IUHUNS!, e Iare-ma fafdy mafe
gfchgiarat o 3, arfan, SftT sar Iarer=an Afdare!, aia shuyfafTear qarid
Hiege WUH dIRG S, f$198 fedhigio UKl e e o fuarmdt ang argh safor
AT YU Id TR o 30T Sl HIel uul azdd 3. fede ePhielo §
% Hedrd SEfie 3deT 3ffg, W Jrl WA aTRNE 9d 9y @aRaR! 9o
TG 3Tg.

3@ THiee Iare ufshar (ETHYL ACETATE)

3o THide B Ueh %X (Ester) 3iTe Siegl U 31T (dfed fohar srdifew) siepigiods
gfaferar ®Rd, dagT gragIoH UM SR 3fehe SHS (Alkyl Radical) T3 IR (Yeast)
TR BI.

Principle:

FHHeIgR oo 3@ Sfchigle 95% Sfehlgld oMol 5% TN 3R,
fSfedzmgR urvare gamr HH Har I ATel HRUN 3T 3PS (Ethyl Alcohol) 30T
groft srgftenciite (Azeotropic) fHYU TR Hdrd. 3f¥@ THICE (Ethyl Acetate) § TG
3{fOT wife s SiRTe T Ufdfehdds duR SIUIR 3R 38, o H.SO. =01 SUfRdId Bid.

C>HsOH + CH3COOH = CHsCOOC:Hs + H20

(H>SO. =T Jufdia)

gl ufdfbar Idcuiig 318 .(Reversible) UMW &g ThadN, Tdh Rk
(Reactants) ST WU 3101 SARBTAT (catalyst) aTaRA Ufdfdhar 3 obd gid. 8t Ufdsar
THifcd SIRISyg SR YHIUIG 3fd Sfehbigladl Uldfehdl B H.SO, AT SURd
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IrAga S, g Ufshar gad fdhar o= ufhaa et SITa. Tad ufshar 99 Tigd=ar (Humidity) s
RreuTdt TRt SIS Wreha. 9 Ufshad, (Batch process) Riaces YT Ufghan 30T SMBRITER
e ad. JIYRUTYOY, 10 HIAT ISHTAT (10 % by weight) SIUT 3fchIgIATd! (95%) 8% T RIS
10 YT Go SHTOT H.S0. T 0.33 HITT TS (63 - 96%) Tdial ST

Sulphuric
acid
Ethyl ‘
Ao Mi l—*To alcohol
S il = column
Acetic v ] g
acid S
Preheater | 8
‘ Acetone
o1 Ethyl
(to waste) thyl acetate

yf¥par g (PROCESS DESCRIPTION):

A UfshaT HITTE! RIS igdATs! AR} SIS 21, W & Ufshar faRvd: wiezHgR
o= sfepigiewg Dilute THIc® SiRTSw aTRIET SUgad 38, THifed 3IRTS, 95% S
THIBIE AT FAR 1% 96% TRIR® RIS THHAd He- gad Hifgexdrhd (Preheater)
TERGIST Hleaad (Esterifying Columns) & STd. SIoH 3101 AR USRI WHRIC: dier)
(Copper) Sdoa! rdrd. flsune Riedd (Reflx) HRugmE WRam fda! 9.

HioHA Y YT 9 gaTond fefede (Distillate) HTed SITd, SO/ Ao AR 70°C
31d. fEfRede, S R 70% ThIBIS, 20% IR HTOT 10% UTUT S[d (Hloads THifiesd i
qIORS ST, AT HIGHA TSI ST,

Y Y1 Mese Sid 3for okl 3refiencia (83% 3@ Tifiee, 9% 3 Siedigio ST 8%
grofh) FHAR 70°C AIHMTGT AT HIGHAT Y HRTIIH HIGo S,

? =Y 0 yames HRRae fo Sra, f5Y d siqr 969 Jamdie aruaried [ifsd
Fo oTd. g feemicraed (Decanter) RR SRugr GRAM fG@! 9rd, fo7Y G TR dOR gidTa.

AT S0 1 ¥R, SUHS 3{cd THTUN 3ehlgle S0 TR 3, Il HIoHHAT WHH|
T UT6a0 SiTd, A TR Hled oild 0T TSI 3ehlgld WRd T RGBS dieH=l MY faHRTd
U640 oiTd, f1Y fedhigio art gidl.

fEmicxadie 2N TR AR 93% SIS THIee, 5% TToft S1fiT 206 SRS Sedigie 3d. g
TR gHAUTl HIoHAE TIGdal Sal, oY Taie JAToNd Tex aih gid Mo Id groft $for
3THIGI® PIg CIHO S, § HS~IC URT T YU aToRS ST,
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PG AR, SAHE 95 d 99% IS THICT 3d, Plg b SId A0 Gl
fSfeozm st uraae Sid. disimear sieHHE TUR o disired HIdTd B UaRIA! § FHic:
TS 3d. I IPBUR XX UG IURYA 3 Fhdld, HeAl oA gdaR
3qogr. Tifcw SiRTe=an YRR Y THiced I &HdT 99 d 100% 3&d. o< Ufehdd
IS FAR 95% 3.

TureYH (PROPERTIES)

8 U e %d (Colorless Liquid) e Sam=T fadesurias -83.6°C (Melting point)
30T IHesUNe 77.2°C (Boiling Point) 38, A16T THh ARy iy 3dl. § Uvama died
favged siftr Afay Aicgcanyel ffesd. aman w1 Uige -5°C (Flash point) 3MTg 3ffor
SF=M | 412°C (Ignition Temperature) 318,

SUGHT
Hfa= ufshar fibiie SdTeAT™TST (CUMENE)
hl HIO:
1 HHF(Cumene)
2 'dl
3 3 THIUIG YR SIRTS 30T SARTHIST Toicd.
A ifdfears:
a) WRITRTST:
CHs CH;

| |
Ce¢Hs-CH-CHs + ®dl (Aqueous emulsion) — CeHs-C- OOH

CH;
g fobar STeHITU sifgr R SIS RIREE
(b) ET{T@W:

CH;

|
CeHs-C- OOH + aq. H.SOs — Ce¢Hs-OH + (CHs).CO

I
CH;

O OGRS O 3ARCH
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H2804 Hlo

Alkall
Separator
Cumene lea-
vage .
=> Oxidizer : (J
Acidified
ar AL wash water
H, l 1 Methyl styrene + Cumene recycle
< 7 Vacuum
Vacuum .

Cumene

‘ & Rt
Acetophenone

ufepar qui (PROCESS DESCRIPTION):

A (3MZAMUE® s8iH) (Iso propyl Benzene) St d2fi=t (Benzene) Mt -aea
3ehrgoz (Alkylation) &&A TR H&T SIdl, ATST YH: dToRed] SITOM=AT R (1:4 THIUN)
iad figesd Srd $1fir grgisHeaed (Hydrogenator) Urade SiTd.

JIfRISZM (Oxidation) Ufhia GREIM IR ST difed [UcN CTBUINIS! SRigW
AT o-FASE TR (Methanol Styrene) Jq@ WiHed wUidRd ¢ SA@. Hdbo
IARBTAT IURHId 100°C UG TSI dUe dd R3fqeaed fgaumdt (Purification
in Reactor) Ufehdr arode! S,

RIS goAT IURUAT TP Tord gHRHAH (Emulsion) I1@de ofd, o Aifsad
HTEHeORE (Sodium Carbonate) 3{eHT@ M 8.5-10.5 pH J0iHe fRR e 1.

dc T He=RAYA ( Wet Gas Condenser) UR &¢ Sdld SlUIHe gASIHTEH
(Hydrocarbon) G4 (Regenerate) &Rdl i,

BT WIRMSS (Cumene Peroxide) TR TR, 10-25% H.S0« el
RAFSHRRAY (Acidifier) BISS STd. § U JHiglo-gad U 318 S 55-65°C ATTHMIGT 39S S,

gfdfehar IdTeA S0 RIS TR AT dhol Sard AT SAseHrdt (Recycle) araRat
STATd. 76% g0, 14% 16, 8% THICH, SO 1-2% o-BfYS WRIRA 3101 SSHAM S o

IR AT B STdId.

Crystallizer

Phenol
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g fhemr 9R 3oz T (Four Distillation Phase) 37 %o SIId, SaTUa!
acd I g (Vacuum) difd . Sifad Fegd e ol SN0 G0l
1 fohcoTIRMGR 2[G HoT STl
ufera 3rf2MRE: (PROCESS ECONOMICS)

g U 4 Ufthar 3g WG 1 ¢ h-iewre! 0.6 e RIEH TR 8. e
(Acetone) TE3dIG fawm! fhieer IdTGANTS! a1 Ulohd=ar Wyld® U@aR SIRGR UHd

USd. 7 Wicd ®E 31 Iared fawl dafear 33dd. Wad Achades afeH

Ualbldhe Wi VRIS fdhdl Sacie Iuss g

AT fr e ufehar GragiFo Rz arue df3r)

ol HIG:

(i) ST2F (Benzene) (i) HCI (iii) gaT

IRmafe srfufesar:
CeHs + HC1+1/2 O2 — CsHsCl1 + H20
Benzene (240°C, FeCls + CuCl.) Benzene chloride
CsHsCl + H20 — CsHsOH + HCI (recycle)

(350°C, SiO: catalyst)  Phenol
ufepar quiA:

T Ufohdd G aTS-TRUT GRS W . G SIS0 Ul glexded (Heater)
BIe dho olld, SaTd Bikd FoR1ES (Feric Chloride) T HUR® FORISS IOR® TG
Ugs RNugexmed (Packed Reactor) fao Sd. HCI-0, I8 FORMIM 220°C d9HMT Bid,
WY Al 9B 10-20% dfyd FoRIGYE 310 UfddoReRAIE T uidk gld.
ThaRF-RM Ufshad srafafda afm 37 e o

$S FORIGST hAied ¥hd (Scrub) & STd, UIUA Ydd ST 0T ga=a1
SRS T UI6ad Wid. I § I dHHrear HEtd Si0. fhdl Cas(PO.), IR
IURYd BagIoRS (Hydrolyze) & STd. SSIe™ISRAYH bl urugM §de Sid, Hd)
SfeF TR (Extract) Bo STd 30T GH-cwi=a fEREGRMER 3 Hd S1d. I drudH
IARG (Catalyst) TISIOISRAYT TRSHGING e (HCl) ag YAauRme!

O

gragIdo Rz (Hydrochlorination) SwTd Urdde Siid.
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= g Hydro
Purified | chlorination ’ Crude
Benzene % CeHs reactor é—Ci
Q\ : > ———
Make-up
Air — HCl
) Recycle HCI
Waste
Circulating H,0 | @w-ci)
p. ) |
Waste Purified ¢ — CI
¢— OH "¢—-OH

Phenol
purification
reactor

Scrubber
Hydrolysis

Phenol

uferae 3rfzmRe:

TS 3101 S Ao aT-TROT UidfehdT aes, INTeRT Uihawrd! aaued sk WUidd
UfehaiUe 15-20% SR 3&d. AT, $hde HISdT Aad™ ATGum=al ey sffidwesedr Zagrd
ST, T, Y FHoed Ao [ gal 9 a1 RIfUd $o! SIS AedTd, SR Had dieH
3HTFOT Beh-3U HCI 3HTaRID 3HTe. ThHd IUIMUIG UM UIGaoRIsigH, SaTd MG 0.1 /e
e 3.
STPIgIoY UIYH:
cHIBI® ¢ Afeg TN MR WD T a1 e guSiRI® (-OH) e Bre- RN Sheod
3T, 3ehlglod ER g4 CnH2n+10H 3Ts.

1. ifa® uient: srpigiond SRS SieTHe THIdR 3Mf0ad aoHIal gTaeIdbIa~ae
Jo-d & IHBUNH I, IaIeRUNY, TG (C2H50H) a1 SH@UNd 78.37°C TR, HHI
3Mfige g (Atomic Weight) siedlgle (@UHle, TdHIe, WUAI6) Uva ool
faRg@dId HIRUT o UT0aT=T SURT grag e die (Hydrogen Bond) TR &% 2.

2. YIS UIYH: 3fedhigio s 30 (Acidic) ST, THSIANe gRIgNH SIS
(lonise) B X!, TS 3P IBI® [hiId ST BlaTd. MUf® chiso aaszgR
(Alcoho,| by Oxidation) sifcegEgaHe (Aldehydes) 3T FR FETRIGH SASTHEA
(Carboxylic acids) ¥uidikd gIdid, @R MU fehlale berd HfRrez-gR (Ketone
Oxidation) =4iaikd gidrd.

3. qd 3chigle HfTaez-adl UfaRiyd dId. 3fchiglo Hoqd 3foral IUdid
fSiet®RuMgR (Dehydration) Sfedh-0Hed FTUIARd 813 2AHdId.

3TH B BIalIG® HFGe (Carboxylic Acid) Tfdforar & TeH (Esters) TR HRdId,

faRId: 317 ITR®T=AT (Acid Catalyst) U,
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3ehigiod STTNT:

3ehigio, fa=Ivd: TdHle (Ethanol) 31T BTG (Methanol) |, TERTRIST 0T
I Ao TG favasfquararsdt g/aw (Solvent) UM aIRS WA, THIGST &
3ffdeT AEMD (Octane Rating) SeM fhar 3o Jffe0r wUE aTReS S (oA
MoEe Gd). THIe § TIUHdsl Iihd Uch 3. A Sl SEiuAe
(Isopropanol) Ufasifa® (Antibiotics) 3T FASig@ @0l UM ARG STdld RO o
Jaciar ST fOuvHT AR Wel SRIdId.nHYAIe hiHcsess Sl AR XA
IATCAS! WEUer BUH aTRST Sl ebile SNUHaE ST g™, RReg anfor
3fTSe=aT FHANTS! Z1ae WU TR ST,
W'{[ﬂﬂﬁ
fiI® (Phenol) T Jrieh T 3178 SIHE SRISITRI® T1E (-OH) sifgr =il SigoaT ST,

1. Wifa® Tuierd: hied SHeun® 181.7°C 3R, ST SN SfeTd® 3= 3MT8. (melting
point) fhiGen fadeunie 40.5°C SR, fhle UvaTd AT%he JHIUNG foRgadd ®RUT d
SISO §i8 TUR &% AHhd. a4, d TG 30T 3R RS Afeg arasme favuesd.
il IdT 20°C R 1.07 g/cm? 3MT8. fhHIe Tion duHMId Uiey Thichd O 3.

o1 U [ARTY, S, eRIRET 1Y 3l

2. YIS qured: (Chemical Properties) fhHIe Siedigiowl goqd 3 D 3™d
SR Gt R sdac-preuR it frlags smrer fRR axq. fihiie seifadies
3r3E (Phenol Carboxylic Acid) fdhar it SgrIgIssdg (Acid Anhydride) ufafear

HE T TR HIdd. e famad dasss 8 dhd, o HewWr D

A 3T,

fpiod IUAT: e daefar onfor Raft (Fungi) ARTIN HeM SRIeur e Ufduifads Sfor

~N ¢ o Y hY ~ Y N W Y N o~ NN a
[sidon[pUl F UL dIUR vild. XIXIHHR sdlad vidn]| dkd Hetdd Hﬂﬁ, WIIcy, hica (v P

fOshics 3s) MfOT 39S T Y 3rme.
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