
'

M A E1 AL. 

If about 6(X) 

. the critical 
8000 cm~. 

be low 70')lt 
I the volunx: 
uli tc for the 
em: si ze of 
~um 16 em 
~ i5 required 

. J.:. Misra. 
h i nslilu/c. 
emenl and 
,/icorion of 
\fill Deepli 
typin& 1};;.5. 

¥'d (1'rF'ol\' 

'tal "' ·or/.:. 

-2~ (1977) 

·FifOr S)mpo

lie Combu ~ llOO 

1. 

H r-a l TrafU .. 

Hrar TrafU. 

J. B . Corr. · 

I1ber~ . LA . 

SxmPOj,Urr. 

,buuio<1 IMI; ' 

. S. 1. HNI 

~. G M. 

C. ~hll~rd . 

ILl/. Flamt 

. &nd S.nih. 
r the Xcond 
'UIl(. 1%8. 

1991 

---------------------/~-. - - ~ 

Od;(b 

Article 

ACASE STUDY ON TECHNO-ECONOlVllC FEASlillLl'lY FOR PROOUCn ON OF 

WATER RESISTANT BINDER 
FROM BY  P RODUCT GYPSUlYI 

*c.L. Verm~, Manjit Singi! and Mridul Garg 

Abstract 

. Phosphogypsum is 0 useful by-product available fronz phosphatic fertilizer plants. It 
contains some soluble and insoluble impurities which need to be processed prior to the 
production of water-resistant gypsum binder for use in differenl building materials. The 
purificiUion mftlhods ofphosphogypsum, preparation ofplasterofParis andproduction 
ofgypsum bintjer are described. TIle major equipment specifications for a 50 Ipd plant 
are given. Techno-economicfeasibi/ityaspecls ofUle complete process have been worked 
out for an envisaged planl at an appropriale locaLion. II is concluded !hal Ule of 
prOduclion gypsum binder will conserve the depleling sources of high purity natural 
gypsum and allhe same lime will introduce a new low-casi water resistant and thermally 

. jnsulalillgmaterial. TIle twin problem ofenvironmental pollution andhealth haumis will 
: also be mitigated. Tire economic viability of the process has been presented. 

Phosph ogypsum is produ ce d as a by- pr odu ct in the 
mB nufacture of phosp hori c acid . It co nL Cl ins impuriti es of 
ph.)sphatcs, Ou orides, organic matte r, fr ee moisture Clnd 
mall quantities of alkali es whi ch adverse Iy affec t th e se tt i ng 
nd hardening of cement s ~nd pl as ters pr odu ceu ou t of it. 

However after be neficiati on, th e gy psum h:J s bec n found to 
be suitable as evident from the wor k cCl ITi eu out in so me 
advanced countries, such as , Jupan , Feucral Repu blic of 
Germ any, Austria, France et c. , whe re th e pl as ter produ ce u 
bas been used for th e pr odu ction of buildi ng blocks, partiti on 
p~ncls, and as jointing and llloul ding pi:J ste rs ( 1-2). 

Prese ntl y, about 4.0 milli on lonn cS of by- pr odu ct 
phM phogypsum is prouu ce d in Indi a annuully. It is being 
ncd toa small extent in the ma11ufac ture uf U: llle11t, a1ll111 0
tlum ~ulrhate fe rtilize r and soi l recblll a ti un inth c cuulltry. 
The bulk of it, howeve r, re I1l ai,is u11l!tili l.e d ~111d cr eat es 
problems of environm e ntal polluti on :J11 ll hea llh hazar ds . 
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Effecti ve mean s of utili za tio n of ph os ph o!"YPslIm are, th e re
fore, call ed for. DCl3iled ill vcs ti gClti ons hCl ve be en ca rried out 
in CBRI regCl rding pr ocessi ng 3 IIII utilizati on of this by
prod uct (3-'-1 ) . 

·D/ ~ c.L. Verma is the Senior 
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and Lime Prodl/cts Division of 
Ihe Central Building Research 
Instilllte, Roorkee. He did his 
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Philosophy (Ph.D) from (he 

University ofRoorkee, Roorkee. 

• Dr. Malljit Singh is a Senior Scientist and Dr. Mridul Carg is 
a S cientist ill Central lJuilding Research Illstitl/te, Roorkee, 
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Water Resistant llindtr Article * CL Verma, Manjil Singh and MriduJ GilIf· 

Gypsum pl as ter and plaster products are soluble in 
water and get damaged on continuous exposure to wet 
condi ti ons. A cheap water resis tant binder from by product 
phospho and natural selenit e gypsum has been developed at 
the Central Building Research Insti tute , Roorkee by using 
relative ly cheaper materials, like flyash, slags and additives 
with the gypsum plaster (5-6) . A sta unch need has been felt 
for the development of materials which can replace the use 
of portland cement in masonry and plaster works owing to the 
everincreasing housing activities in the country. The produc
tion of phosphogypsum based water res istant binder is a step 
forward in that direction. 

MAJOR INGREDIENTS AND PROPERTIES 

The ma in raw materials re q uired for the production 
of water resistant binder are phosp hogypsum , flyash/granu
lated slag l\nd ordinary portland cement. Phosphogypsum 
whether ob taine d from the D ihyd rate or Hemihydrate
Dihydrate process must conform to the requirements laid 
dov.'U in IS: 12679-1989. Care shou ld be taken to keep the 
level of impurities within the prescribed limits. Similarly 
flyash, granulated slag and ordinary portland cement should 
comply to the requirements given in IS: 3812 (Part I) - 1981, 
IS : 455-1976 and IS : 269-1976, respectively. Loss on ignition 
in flya sh sho uld not exceed 12% and at the same time the 
specific surface area of flyash shall be more than 3,200 cm 1/ 

g (B laine'S). In case of granulated slag, the glass content 

should be above 90%. Tbe physicar properties of gypsum 
binder tested as per IS: 403 1-1968 and IS : 6909-1973 are given 
in Table - 1. 

TABLE-l 

Physkul Properties of Gyps um Binder 

Density (kg/m) 
Setting Time (Minutes) 

Initial 
Final 

Compressive Strength (N/mm 1
) 

1 day 
3 days 
7 days 
28 days 

Soundness (Cold E xpansion) mm 
Water absorption (%) 

1100-1200 

95 .0 
150.0 

13.7 
19.0 
20.0 
22.0 

0.88 
Below 10.0 

Durability: No leacbing (After 28 days immersion in 
water) 

PRODUCTION METHOD 

A production plant of capacity 15,000 tonnesofbinder 

FIC. 1 - Pi'Cx;E;SS fU)'..J [)IflCRIIM fOr, 11 IT: lJrnEFlCVIT!ON NID Cf\lLIt\fITlO:, Of 

['IIOSf'HOGYPSLM US I NC MLCI-WHSED PIIN CfIlL llVllDR 

(J) Tr o lley (2) Chume( (3) \-'ater Reservoir (4) Ccntd [uge 
(5) Rotary Dryer (6) Scre.' Conveyor (7) Mechanised Pan Calcinator 
(8) St orag e [lin [or (3 -HE.'Illlhydrate Plaster 

Wllh:r 
-Cl

carried out 
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FlC.2 - FRCX:CSS fU)W DLAGfu"M FD~ THE PRODUCTlON OF GYPS[k1 DtNDCR 

( I ) Slora8e IHn for fJ -Ilanlhydrate (2) Fly Ash (3) Ordlnarj Po rtland Cement 
(4) Ret a rtlcr (5) Dlender (6) Da11 Mill (7) Packing 

per annum has been envisaged. Fig. 1 depicts the process now 
diagram for the beneficiation and calcinatioh of 
phosphogypsum which is based on the laboratory studies 
carried out at the Central Building Research Institute, 
Roorkee. The plant site in the close proximity of the factory 
producing by· product gypsum is assumed. The ~rocessing of 
phosphogypsum first requires extraction of impurities from 
it. The raw material is dumped into a water washing unit 
(churner) through trolleys . Here- the phoSphob'Ypsum is 
mixed thoroughly with water soluble impurities of PP5' F, 
alkalies and organic matter. The slurry is centrifuged and 
dried in a rotary dryer at 110°C to remave free moisture . Hot 
air for drying is supplied by a separate combustion chamber 
operating at 400°C which is carried under pre ss ure supplied 
hy the blower attached to the combustion chamber. The air 
dried material is transported through a rubber lined mild 
Sleel serew conveyor into the ml:chanized pan ca1cinator 
developed at the institute. The calcinator operates at 130°
1700C (for about 3.5 - 4.0 hours) wherein the finely ground 
gypswn loses one and a half molecull:s of water of crystaJi7.ation 
in the form of steam and produces chemical gypsum plaster 
( - hemihydrate) according to the reactioll . 

Fig. 2 indicates the process now diagram for the 
production of gypsum binde r. The - hemithydrate plaster 
ground in a ball mill to a fineness of3,000 cm1/g (Blain's) is 
blended wilh ll,ash dried 3l1100C, ordin<Jry portland ce menl 

and retarder in different proportions in a power mixer for a 
period of one hour followed by grinding the whole mLx for a 
per:od of half-an-hour to form uniform binder. The binder 
thus prepared is packaged for marketing 

MAJOR PROCESSES AND EQUIPM ENT 

BENEFICIATION OF PHOSPHOGYPSUM 

Base don the dalaobtailled for phosp hogypswn sample 
using simple water washing technique, the following proce
dure is proposed for processing of the phosphogypsum. The 
p!;:nt of capacity 15000 tannes per year (of300 working days) 
has been envisaged. This amount to the processing load 50 
(onnes per day (three shifIS) . After processing 50 lonnes of 
phosphogypsum, about 45,000 tonnes (about 90%) of pro
cessed phosphogypsum is obtained i.e . 13500 tOill1es/year of 
300 working days. 

The processing of phosphogypsum consisll of the 
following operations: 

1. Mixing/churning and washing of phosphogypsum 

2. Rotary drying of processed phosphogypsum at 110°C 
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MIXING/CHURNING AND \VASI'llNG 

The processing or phosphogypsum Ilrst requires ex
traction or impurities from it. For this, phosphogypsum, is 
churned thoroughly in a churner with water to dissolve the 
water soluble impurities of P205' F, alkulies and organ ic 
matter. 

Two churners arc requ ired to be operated simulta
neously in three shirts per day. An average batch time or 3 
hours inclusive or filling, churning, se ttling, discharge and 
second:lry washing has been envisaged. The qU~ln tity of 
water eCJ u:ll to the qU;Jntity of [lhosphogypsum by volume 
shall be used, A rubber lined, mild steel, hemispherical, 2.9 
m diameter churne r to handle about G.15 cum volume of 
phosphogypsum per batch is required. 

DRYING 

The washed Phosphogypsum is dried in a rot:lry drier 
at 110°C to remcwe free moisture. Phospho~ypsum slurry is 
treated in hot air supplied by sepura te comb ust ion chamber 
which operates at 400°C The hot hir is carried away uncler 
the air pressu re supplied by the blower attached to the 
combustion chamber. A rotary dryer ope~~tecl by parallel in 
flow with a capacity 0[2 tonnes pe r hour of phospho!,')'psum 
is used. 

A carbon steel rotary dryer 1.G m internal di:lmeter 
and 9.0 m long, is specilled. The accessories for the clryer are 
combustion chamber and blower. 

CALCINATION 

The mechanised pan clacinator system has two main 
components, namely, the machani5ed mi,\.ing system and the 
furn ace, lt comprises uf a mild stee l pan, a vertical power 
shaft and a number ofblacles rigidly con\l(:cted tu the vert ical 
power shaft at two levels and a slI'ee ping chain attached at the 
bott um of the luwer set uflhe mixing lade~ and a removable 
lid to cover the pan and allow churningofthegypsum charge 
without any dust loss; and finally a prime mover alon!,T\lith 
appropr iate power transmissiun mecklllisms. The pan has 
a diameter uf 1.25 m and depth 0.7 Ill. The capacity of each 
mechanised pan caicinator is abow 5 TPD, 

CAPITAL OUTLAYS 

I3E~ErICIATIO~ Of PHOSPf-IOGYPSUM 

. 

Basis: lJ,5UU t()lllll'S per anlllil1l pOO \\url:ing d.l) ) 
cessed phosphogypSlIlll. 

FIXED CAPITAL INVESTfVIENT 

1. 	 Fixed Capit:tI Oil lal1ll and 
building L:IIHI (400 Sq.I11.) , 
In dustri~d l3uilding (50 Sq.II1.), 
yard il11prOl'Cll1ent (LlIlllpsu m) etc, 

2. Fixed CIJ)it,d on PI:lnt' 
3, (a) Purch :lsed Equipl1lent (PE) cost 

(b)Eqllipmcilt L'il'ctilln, ele ctrica l 
illSldll,Jliun, water ~cl\'ices, :Ind 
dr:Jin:lge, illstrlllllcnl:Jtion and 
control, 1:JI)ur,ltory und wurkshup, 
contingency ctc. 

Tot:J1 

Fixed Capital un Plant (1+2) 

COST OF PROCESSING 

1. 	 Raw l11~teriab 15,000 
tonnes phusphogypsunl 

2, Utilities: 
POlI'er 3,75,<).:tS KWH 
Water 14,4()O I<'L 

3, 	 Lclbuur and Supcrvision (L.S,) 
4. 	 Maintenancc 'IIHI rcpairs 

(PI:1I1t & bui ldillg) 
5, Deprecialiun or [11,,111 

Tot:J1 cos t of rrocessing for 13,500 
tunnes 

PRODUCTION OF [lINDER 

Basis: IS,OOO tonncs/ye:lr (JOD working d:lYs) 
or wa lcr-res ist:Jnt gypslllll-billder 

Capi tal In l'e stnlcllt 
A, Fixed C:Jpil:,d on [lllild:llg 

Lllld (4()O ~LJ.ll1.), [llliiding (50 sq.I11.) 
Shed (30U 'q,nl.), '\',Ird illlprol 'el11en t 
(Lulllpsllm) ele. 

B, 	 Fi"e d Cillil:.tilln PLlllt 

(:1) PUI chased Eqlliplllcnt (PE) Cost 

(l l)Eqllipmcllt Erection, Electrical 


Install ~ 

W:II,'r 
Fi.">(cu Ca[lital ul 
Tot:!1 Fi.">(ed Ca~ 

C. 	 Working 
Fixed C'-lP 

TOTALeAP n 
(A+B+C) 

ost of Produci 

1. 	 Raw Malc 
(a) Proces, 
(b) Flyash 

charge! 
(c) Ordin:l 
(d) Re tard 

T OTA 

Utilities 
(a ) Electri 

coa l GO 
3. 	 Labour :In 

4. 	 Mainlenal 
(Pbnt & I 

5. 	 Operating 
6. 	 Ta.'"(es and 
7. 	 Plant and 

Depreciat 
Interes t 01 

Annual cost uf 
Prod ucti un per 
Aum inistral ive 
expe scs @30/, 
prod uction cos 
Tow l cost of [H 

D.l'rolitaiJility 

(a) 	 Gross :1I11l 

@ 50ll/101l 
(h) T ot:J1 anlll 
ee) G n)ss ann 
(el ) Corporate: 
( ) Net :ll1IIU:J 
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:sisl;lllt Binder 
!d Mridul Gu'1:. 

Rs. 
2,25 ,000.00 

(i,30,OOO.OO 

3,27,IJUD.00 

9,57,000.00 

11,02,000.00 

3,00,000.00 

3,00,000.00 
14,000 .00 

1,32,0 000 
6~,0.:\5 .00 

95,700.00 

9,05,903.00 
". Rs.G7/tonllc 

],--15,000.00 

--I ,<)ll,OOll.OO 
2,.:l.'i,(JUlJ .UO 

l.7, .Iuly l C)'I2. 
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Inst~llJti()n, ln~trum(;nts & Contr()ls, 
. 	 c'. S .. I /1 \V:\ter ~l'I"\,ICCS ,,,- , IIjlervlslun L 1:lrges ctc. 

Fixed Capit~1 un plJnt 

Total Fixed C~pjtJl (A + 8) 


C. 	 Working C~[Jitol @20% on the 
Fixed Capital 

TOTAL CAPlTAL INVESTMENT 
(A+B+C) 

Cost of Production 

L 	 Raw Materials 
(a) Processed Phosphogypsulll 
(b) Flyosl1 inclusive of transportation 

chorges 
(c) Ordinory portland cement 
(d)Ret:Hdcr (Commerciol grode) 

TOTAL 

Utilities 
(a) Electrical power 2,G8,5GO KWH, 

S,--I--I,5ll0.110 
11,89,500.00 

2,37,900.00 

14,27,400.00 

8,97,2G4.00 
1,12,500.00 

25,50,000.00 
G,22,500.00 

41,82,264 .00 

12,72,348.00 

coal 603 tonnes, racking of bags (L.S.) 
3. 	 Labour and sl1rcrvision (L&S) 
4. 	 Maintenancc and rC[Joir 

(Plant & Building) 
5. 	 Operating Sll prlies 
6. 	 T~lxes and insurance 
7. 	 Plant and overheads 
8. 	 Depreciatiun (PIJnt & Building) 
9. 	 Interest on tutal capital investment 

Annu'll cost of pruduction 
Production per tonne 
Auministrati\e & Selling 
expenses @ 3% of the 
production cost 
Total cost of proJuetion 

D. l'rotilabilily Analysis 

(a) 	 Gross al1Ilual incomc from s:des 
@500/tol1nl.: 

(Il) T()t:)1 ;lIlnu;t!u),t ()r pruduclion 
(c) 	 Gross ;ll1nu;1I relllril 
(d) 	 CorpOr;(lc l;LXCS CI"5:)':/o 
(c) 	 Net ;11111u;Jl relL!rn (;trlCf t:LSC S) 

L

2,48,100.00 
79,995.00 

8,0()0.00 
23 ,7<)0.00 
32,3GO.00 

1,91,725 .00 
2,21,247.00 

G 1,95,679.00 
4130-1 

12.39/ tunne 
Rs.425A3 say Rs.425 / 

pcrtonnc 

I<. s. 75.0lJ l;ddlS 

l~s.(jJ.75 I;d;hs 
Rs.11.2S I:Lkhs 
l~s . G . l~ 1:lkhs 
Rs.S.07 lakhs 

l<sJ5 .52 ':;, 

13"eak-Cvw Point 

The fr;Jcti o nal dcgrcc of productiUIl (n) required atlbe 
breJk even point is giveIl by the express ion. 

n=F/S·V 

Where F is the ilnnual fi xed COSl; S is the tot;]1 annuJI 
sales; V is the Jnllual variable cusl. 

For the waler-n:sistant gypsum binder, the di stribution 
assumed is : 

Fixed cost 
VariJble cost 
Thus, F 

V 

S 
n 

= 40% of the toto I cust of prociuction 
= GO% of the total cost of production 
= 0.40 x 6J .75 25.50 bkhs 
= 0.60 x G3.75 30.25 lukhs 

75 lakhs 
25.50 
75.00-38.25 36.75 

Th us I he plJl1t brea ks e\'CI1 al GC) 67r; of thc cu paeity i.c. SO x0.69 
= 3·:1.5 10l1nes/day of the production. 

USES (JF GYPS UI\ ( B(N!)C(~ 

1) The gypsulll bind er h:.t s been found :; uitabl c I'm making 
masonry mortar fur lise in pbce or [Jortland ccment-sand 
monur. A mortar consisling or 1 [Jart of gypsum binder and 
4 part s of s ~lIld (F.:'>1. 1.91 and F.rvI . 1.25) by weight Gin be 
used ill pl;ICC or I :G cemcnt sand ll10rtar with additional 
advantages of high strength (28-JO kg/c I11 1), water re tentiun 
(G5-G7%) and good bond rormatioll betwecn bricks and 
ll1urt;Jr (1.75 - I.S0 kg/cm!) . The l1lortar is suit3ble for 
extcrnal as wcll ;1$ internal pbstcring. Cust·\\'ise il is much 
che::lper than cement·sand mortur. 
(2) Gypsum binde r is ~uilJblc fur light weight building 
blocks (densilY 1.75 g/ ee. compressive :. trength 4-4.5 N/ 
111m2) and inslll~lli()n hlDc!;s f()r lise in !lfo\'iding therl11:l1 
comfort in buildings (Thcrl11 ~d Cll1lductivilyO. lc4 - O.ICi Ked/ 
m/h / oC) llnd non·I()~1(1 belring p:lfliti()n w~dls . 

(~) (jypslInl IJil1dl'l" is :Ji so f()lIl1d suil:iI)it: i·. '(" I1Llkil1g tht: 
CC)1l1jlc)SilcS by l' c i,li\, rcil1g tllC gl~"s lihrc c)I" sis:Lllilnc tu lhl: 
gvpSlIll1 binder by h;llld l1]()tJitiillg I11cll""I. The gypsum 
billlier bU~(ld s ;11"l: Sllil:Jhlc im UHlll1ll:rci~d applicltiuns as 
they posscss 1l1uch higlll"'f lr:111:,,,,L!'SC 10:ld (sis:d rcinrurccd: 
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G5-G8 kg, glass reinforced: 113-115 kg) thim the minim'um 
spccilied value of 34 kg in IS : 8273 - 1984. It could be used 
for structural partition in school buildings, office buildings 
and as door panels and dry wall lining material in place of 
cement-sand plaster. The gypsum binder boards have low 
thermal conductivity (glass reinforced 0.09 kcal/m/h/oC, 
sisal reinforced 0.20 Kcal/m/h/°C) which makes them suit
able for use in false ceiling. 

CONCLUDING REMARKS 

The economic estimates as presented in this paper are 
indicative and the same based on a case study of techno
economic feasibility for a proposed plant envisaged to be 
installed at a site in close proximity to a thermal power plant 
and by-product phosphogypsum dumping site adjascent to a 
phosphoric acid production unit. It would be presumptuous 
on one's part to assumc that it caters to the full requirements 
of all prospective manufacturers of water resistant gypsum 
binder. This paper is a pragmatic exercise to indicate the 
potential of utilisation of an industrial waste for cOllversion 
into wealth by producing innovative low cost building mate
rials and at the same time assisting in alleviating the pollution 
of the surface and ground waters on account of the prevailing 
disposal practices. The real returns on investment can be 
worked out after ascertaining the nature and source of the 
financing body. 
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