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Studies on treated phosphogypsull1 by infra-reu spectrosco py 
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I{ccel vcd 2K l 'ch lll:lIY 11)1)/: IIlTl'J'lc'd -' Jllly 11)1)1 

I'hnsplH'/-!yp.s lIllI is all important industrial hyprouuet which can he c{'Inverted, after proper trclltmen l~ , 

illto IIsdul huilding materials. Ch:lntclerizatioll of this renned materi:d coulu he done hy di fre rent 
tl'clrlliqllCs, IIII'ra-red spectroscn pv providcs a qui ck t11l,th(,d "I' iliC'nlilic:ltioll of various form s of 
(':IS(),,-II .'() Systl'lll presC'llt in the sample, Di/l'crcllt treated S:IIllP\cS p/'phosphogypstlm pht.ti nctl from 
krtrli/.L:r plallts havc bceu studied hy this tcchniquc , 

Inlra-It:d SI'Cl't IOSC(lPY wltidl has heen t:arlier kllOWIl 
tu he a powerlul 1001 t:xclusivcly ror thc study or 
organic compounus, is now being increasingly useu 
I(lr studying mincrals III clays and otilCr inor!!anic 
m:ltl'lials, In tltt: IR sllL'Ctru llrillorganic Cllllll'OlltHls, 

thellands lIrcharaclcristic absorption nrt: lilnited alld 
oroad hecallse lhe III0 IeCII les can not vihrate rreely in 
:my. tal. lLlscd on earlier studies I R spectra tIl' vcry 
vast range or naturall y occurring and artilicially 
prodllL'l:d inorganic materials are recorded in a 
llullIher or atl:lses l -.1 which provide easy :lccess to 
slandard spectra or pure matcrials ror idcntification 
or mineral phases presellt in unknown Illateri ,t\s , 

Exhaustivc investigalions during the last three 
~et.::Idcs hy a numbcr ofworkers<1"o havc shown the 
u~c1tllness 01' tlti s technique in the elucidation of 
mineral phases of inorganic materials such as 
,i1 ic:ltc '\ . ca rbona tcs, sui pha tes, nit la les, cy:t n idcs , 
phosphates cit:, and thcir t:ol11posiks, 

Inlra- red ahsorption spectra or CaSO<l-11 20 
~ystt'llls have been a suhject of study or a numher of 
workers', T he technique provides a quick mcthod of 
iticnl ilieatioll of vnrious forms such as gypSllnl, 
hCllIihydratc and anhydrite. Phosphogyps ulll, which 
i~ :lll importanl byproduct or plwsphatekrtili/er 
IIIdtl\try, Ciln hc cOllvcrted into IIselul hllilding 
malcnalsafLer appropriate treatmellt ror removal of 
undesilablc impurities, 

III (ile preselll r"pel' thl: IR uhsol'ption hllnds of' 

treated pltosphogypsum samples have hccn stuLiicd 
and their srectral characteristics lI scd for quick 
idl'lllili~ati(l1\ ol'( 'aSO,,- II/) pllasc I'n:scnt ill cach or 
till'lll . 

f.~ll('riJllt'nllll Procell lire 
Ftlur S:1II1ples of plll1sphogyps um were ohtained 


fWIll krlilii'.CI' rlallts, Tht:sc samples wcre given 

varinll, \\';lSltill~J ;Illd dlyill1~ II'C:I/IIH'l1t, hl'f-ulC II'.;illl! 

Ihl'lll !tll' tile I)lodllctioll 01 difl'crent hllildill!! 


Ill:ltcria\s. Thcse treatcd pIHlSp!tU!!YPsu llI sHmples 
wcrc collected and stored ill air-tight desicca tor and 
were marked A-D. 

Tile IR spect ra of thc S; \I11pieS wcrc recorded on a 
1\'1 kill-F1111L'f SPl'ctl'Ophoto111eter Model RIO by 
usillg K lif disc technilplc, A portion 01 each finely . 
groulld sample wcighing 1,5 Ill).!. was mixed 
thorollghly with }OO mg dry K Br pmvder (IHJH , AR) 
in all agatc mortar. The mixture was tllelltransfcrrcu 
to all cvacllahle stcel die, pumpcd dowll for 2 to 3 
nlillutes to remove air and finally pressed at6 lonnes 
to i'orm :1 translllccl;t pellet 17. 111111 ill diameter , 
Polystyrene lilm was uscu to calibrate thc spect ra l 
rccording or the eqllipment herore scanning the 
~arnplL', Thc disc was thcn plau:d in the disc liolder in 
thc spectrophotometer and scanncd i'rorn 4000 to 500 
em - I, 

Ht'slIits 1111(1 DisCllssioll 
The IR spectra of the four samples gavc 

characteristic pcaks 01' s ill pilate, water as wcll as 
phosphatc iom, The absorption peaks present in the 
IR spect ra of the rou r sampies a re computed in Table 
I, Morc dctails orthcsc peaks arc discusscd below, 

Ahso lption hands (II' waIn Illoll'l'ldes 
The SI1l',·ttll ~ltllW tlte ahsP!,))lioll h'IIHls orwtlter in 

:2 rcgions The hand in the J')()() cm - I re ,uio ll (due 10 
011 strctching) is resolveu into two eOlllpollcnts . A 
1I1111lhl'1' "r workel's have given d inc rcnl 
illlt:rprclatiolls to thi s splitling~ , Q According to the 
most pl:lIlsihle c.'lplanntinn provided hy Aldc r lo and 
Mitr:I II , th('~l' tw" h:l1lds are dill' tl' tIV n d tlfc rcn t 
111\1dc~ul vihralioll which result Irollilile plescllt:e o l" 
identical hut specially non-equivalent 011 grou ps 
IV 11 ie II !!i vt: rise to dcgt:ncr:tc y St rOil!! coupl ing \n kes 
pl:lCl' hl'! ween thcsc !!rnu ps, allowi Ill:'. th e degelle racy 
to hreakdo\Vll and rcsult illtitC srlittill).! orthe ha nd. 

It i" (I \I"" In:t1 II () III I-i I~" 1-,I III ;Itt Ill' ( )I I I; tIe tchi 1\ g 
Ireljlll'lll·i .. " 1'1 A, 1\ :11)(1 (' :nl' shilll'tI 10 highn values 
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Fig. I-I R spectrum of treated phosphogypsum sample A 
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Fig. 3-1 R sJ'>Cctrum of treated phosphogypsum sample C 

Ihall IIll)S~ or gypSUIll (3540 ern - I and 3400 em - I) 
illllicllillg liJallhey cOlllJ Ix hClllihydrales . This is so 
becall~~ unlike l:!'tPSUIll, hel1lihyJral~ conlains fewer 
water IllOlcculcs with lhl: resuilihal rew Ol~ groups 
wOtlld I!JV~ i'()fll1~d we ,tker hydrogcn hllllllillg which 
r~sltll ill ~hini/lg 01' i'reqltt:lIci~s lu high~r values. 

Till: olher ah~orplion band Jue to inlemal bl:I1Jillg 
vi br,t I i l lllS II i' () II ( I'~) is l1b I a ined a I 1625 CIll - lin the 
Ihr~e COtlllllllltlds (A III C). Th.: ahsorpliutl p.:ak al 
16HO CIll' I wilich is characteristic of gypsum is absent 
ill all th.: ClltllPllltllds 

Th.: liZ sl)cclrllllllli's;lInple l) (l-'ig.4) docs /lot show 
eitilertilespiilpedks(.15()OUll I)nurlhl: I620cIll I 
peak. Th.:se cOlllirlll Ihal Illi s salllplc eoulJ hc all 
anhydrile. Til': prescllce PI' vcry weak alld hro:ld 
ail :,llrplillil \l;ttHI ,trllllt,,1 .1St)() l' tll I CPtiid Ill: dtle 10 

illClllllplclC rCIll()v:ti ()i' waler or cryslalli/alion. 
\Vc;tk ;tilSorplil)n p.:aks l>clwe~ll 24()() CIlI' I 10 

2000Clll I illall lileeascs(Llblc 1)lllayhedu.:lolh.: 
pr~s~nc~ 01 <tsSllciated water as well as I\loisture 
ahsorptiull either ill salllpies or in KB r7 . 

Absorptiol1 hand s ur sulpll<ltl: ion 
The mosl illlpurtanl liZ absorptioll halld::; ill 

gypSlJlll and rel,lled compotlilds arc due to SOl
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Fig. 2-1 f{ spectrum of trealed phosphogypsllm sample B 
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Fig. 4- 1 R spcrlrum of Irealed phosphogypsum sample D 

bendings and strelching vibrations. The aosorption 
d tll: to bendi ng mode (Y4) is observeJ in the I'orm Df 

two J isli ncl pca ks . Onl: a lower rrel] uency pl:ak at fl()() 

cm- I and the other a higher I'reqtlency pl:ak at671J 
Clll- I. The lirsl peak W;IS ohserved in all thl: four 
salllpll:s around ()()() eIll I. 

The higher freq ueney pea k was observed a I 665 
cm - I inlhl:GlSe orA a Ill! B which is close 10 M)Oelll- 1 

ubserved fur hell)ihyorate. This peak was ohserv.:d ut 
675 em-I in Ihe case of D which is the eilarae(erislic 
frequellcy of ahsorption for anhydrite . Ilowcl'cr, 
shirting orthis absorptioll peak ill lhe easc ore whidl 
is a hell1ihydrale Ill:eds 10 he l:xplailled. Very wc; \k 
ahsorption [ll:ak is nbserved al 615cIll ' I in f) which is 
lIslI :illy presl:nl at (,20 Cill I in anhydrile . The 
IHeSeIlCl: oj' a Iltllllhn of COlllllllllellts of vil)ralilillal 
Illode (y,.) i Ild iea I e I he degrada I inn 01 high SYIllIIICIIY 
uIS01' llIoleeules ill variotl :, InlillS ole 'aSO.,. Alder 
alld Kerr l2 Ilave l:Xpl,lilled the Ilitliliplicity or 
a hsorption pea ksin III is fl]()(k d tiC to t ill: presence 01 
lion-equivalent S04 iuns in the unil cell, till: nUIll!xror 
vibralional cOlllpollents l: xcl:cding Ihe nutllocr 
pcrll1itled hy the site synlllll:lry , 

Thl: strl:lchillg vihrJtionallllmk (Pl) ofS04 ion i, 
ohscrvcd in the forll1 ofvcry strollg and hroad hanu ill 
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I ~", Ie 
( ,I Il' Qlll'lh \ 111[lIk' '\ 1\ 

(I() "l ~ (,02 '" (,1111 s 

\ ' ,S(), 
fl(, "l ~ Ill, ~ ~ (,XII III 
1(01) w 

H211 nv H05 vw 
HXO IV 

", SO, 11110 w 1010 w 1010 w 

V,S(), 	 III'H) v,s IO'Jil vs III')() v, 

II HO "s I 1(,1) vs I I ')() vs 

V,II,O 	 1(,25 S Ifl2 5 s I fl25 s 

21-111 '" 	 2160 \\' 21411 w 
22111 \W 2210 \ \\' 22,1() w 

\' ,ll ,ll 15(J,'i III ,15h5 III ,1 ~(,l) III 
\' ,II , ll ,lh2() s 1h20 s 1(li :; s 

Iii. J;11l!~C II)\()- \()l)() l' lll I, W,': lk :1\1sllrplillll \1 ;11111 al 
IIJIO (Ill 'is lll) st: rvt: d dllt: III slrt:tcilitlg vihr;lliotlal 
Illodi: Ilrsol (VI) ill casc of A, U alld C, This band is 
abllcbarackri~lic 01' hellliilyJrate , As expected this 
balld is ,dlSl'1I1 ill I), 

Ahsllrptillll b;lllds of pllOsphalc ion 
Plwsph:llcs 11OrIll,dly absorb strollgly between 

11I11I-1(J(Il)cm ' , Thcprc st: IlCC\lr\\'t::lk Il,lIHlsal 1010 
(Ill I ill C,ISl' llr A <111.1 II Ill;IY ht: dlle III ,Iretching 
libr;llioll "I' I'u'l wilich Ill<ly be Illixcd lip with VI.I 

modl: ul' SO] slrelCh vibraliolls, Silllilarly 
ah ~l l\'plioll dl 'lt: lo I'(),t ill lilt: rq,,;o \1 or II()O Clll 
IIl;!Y he 11l1.\l'd lip willi vel y slr\)llg SOl strClching 
b;llId (vd , WC;I\';' absurptioll pe<lb at H20 Clll I ;llld 
X05cI11 I ill tlie e<tse or Il allLl C respecti vely Illay be 
""igll1:d III I'(),t slrl'tcilil1!! vihratiolls 'J 

Ih; prl'st:IlCe 01' ve ry wea \... pc" ks d IIC III POJill ,d I 
Ih~ C;he, 1l1 ;ly he dlle II) tht: Llet 11i;lt <III these 

hyproduct gyp~11I11 '~IIIlPlcs wcre lirst tl\lll()lI~llI y 
,,;!,h.d \lllh 11<ller illllrder II) relllllve the disso lved 
il1l pllrilit:s, Sll as III \lse I he III i',)t' the Illallui'aeilire nr 

speetrllscopy was used ror quick 
or varlllU S rOrtllS of CaS04-water 

pltosph(l~ypsllm witllllill resortillg tn 
l' Ii.: Illica 1/gra vi IlIC t ric Ill': lit ods, 

'I hl: Jt:slIII S SlttlW that Ihree oJ the four samples A, B 

I) 

') I)K s 

(,I ) vw 
h 7~ s 

I 100 vs 
II (,() vs 

ll40 w 
22~0 w 

,IIHI (' wt:rl: 11l:lllihydra!'~ plHlSpilogYPSllill whilL: 
S,tlllPic 1) W,tS all anhydrite, 
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S01- stretchillg vihrati o n 
Ilwy he mixed lip with POr 
str<:tchillg vihratioll 

SOl stretchillg. vibrations 
POj ' adsml'tillil halll\, 
lllay h<: IllixcJ lip 

011 h<:lldillg vihrations 
JIIC 10 II,() 
/\ l>sorptio" halljs 
oj' associ;!te" water 

Oil slrclchillg vihratiolls 
dlle to II ~O 


