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ABSTRACT

The effects of impurities, included in the by-produced phosphogypsum from the dihydrate

thydration of portland cement were studied.

process, on the

Six gypsums were adopted in this study; four different raw phosphogypsums from domestic ferlilizer plants,

A reprocessed phosphogypsum and a reagent grade pure gypsum.

Cements with differing 805 content, were synthesized by grinding two dilferent commercial elinkers and
the ahove six gypsums iogether. The effects of the impurities were investigated by measuring the setting dme,

the non-evaporable waler coatent, X-ray phase analysis of cement pastes and the compressive suength of cem

-ent moriar specimens.

It was found that the scluble PoOs known as one of injuricus impurities on Lhe hydratien of portland cem
ent, included in the demeslic raw phosghoypsum cxneeedigply by far the specified amounts of the Korean
Indastrial Standards (L.9005), and retarded the setting lime scverely, thus the strength development of cement

was delayed at the earlier stage of hydration.
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5 Azl A4% Afle Adzel §AALE ©F4 2% K. Muakamizt A3 gge) @ ©
=34 AdAA =, &A% wge] Azdrhn o]v 2. Molybdovanado phosphoric acid ¥] 2 Th-ali-
B whh g @ zaline %] 3] vy ez A Felyo)
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AAAE Qo] adz ALFEE AS, ADESD £ 0%, 25%)7 S22 QARG n, A z-u%
e v H e 9 FE FFzA FH 50°C v]wlef A Fheke] dwlvlx] DzFe FAFES
A A ol 4=d 7 (CaSO2H0) A= A7 bstgl o
2. o3dd -4, QutE4d A9
2-1. Aze FF 9 AF 7b. ETE  KSL-5106(Z7 Eop 4k o 98k A9 =9
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Table 2. Chemical and mineral compositians of clinker 3-2. =g zhehyg
clinker-1 | clinker-2 Az e F4e Az 248 Peka gl
Ig. 1 1.3 1 Hagel 283 Bried Ad=d Fie e
Bow | ¥ | LW Adchz 47 AR el FE Sgegz
Insal, 0.09 | 0.26 = A= Table 25} 7,
8i0, 22.3 21.% A gl BTEEA eI a4, a2
1 05 8o EAElE 0 9T e gEBal ol ks
141203 4,57 | 5.78 E‘R TI'7] éo] Lzﬂ ]’Ltﬂ TI'71 = tﬂ‘]‘fo] 1l J ]
‘ 3 BAL 03AH 48 Az g4 g7y
Chemical analysis FeaOs 4.26 I 3.56 £ B39 = FF9FE (oleic acid 9 diethylene ira-
(wt. %) Ca0 63. 1 62.2 mine) & 2, M, Sekiva ] A@A# AMEY 22431
MgO 2.90 3,91 F FE T GEs AR ooz 2nd np
EL
505 0. 83 ! 1.25 T ‘i’l’ﬂfzﬁ,l‘:‘fcﬂ _——5EE‘| g)]\‘o_uil ,&]rﬂ]_:_P,] "-,’1"]-
Na:O | 012 [ 0.15 of g FlAn g7 AL d Zafe el
K0 0. 98 1.44 | g A2 Qlaky e SR rhE T,
i ol geold AREY Fite] 9FE F= e T4
£C0 | 0M | 06 | gy g sees 44 A0 Aoed 25
CS | 417 | 399 A %A Fagel g% 4Re et de g
Calcdu]ated omp- o 27. 68 32,43 ake] 448 CaFerl EYA AT AEl 3
ound compositions AEe] AMES] 32 dAHcm o] w3
(wi. %) CiA 4.91 9. 30
: Acz ddA g5,
CiAF | 12,95 | 10.82 SiFs+60H " —6F -8i05~+ 3H0, 2F~+Caz*—CaF,
=&t K. Murakami = sodium silicofluoride of 4] =]
Fohe Azel BA%e FATe FaUAFY b AqE S84 B SAAG Gl T8 999 ge
0 wFIY g 9 19 Foe dad e wedg A7 dgdom,
Holps, F97 29 AHE BE zEJgc Ags NasSiF+CaQ+-H0 or Ca(OH)—
typeT o s 9ate ol gk, CaFy + 8105+ NaOH -+ (1)
Table 3. Chemjcal analysis of vatious gypsums
main components impurities*
Ca0 SO: | HiO | Aw-P0s| SsP.0; «0; | ARF | T-F
reagent grade gyp. 32.6 46, 5 20.9 — — — | — —
TW gyp. | 45 18.6 \ 0.0008 | 0. 066 0.76 0. 67 0.73
YN zyp. 30.2 43.7 19.2 0. 56 0.43 113 0.95 1.22
NH gyp. 0.7 42,4 19.0 0.15 0. 48 1. 57 1.2 1.3
JH-A gyp. 30,7 41.2 1.6 0. 077 Q.47 0 81 0. 51 0. 58
JH-B gyp. 30.6 411 19. 4 0. 61 0. 39 1. 06 0. 67 0,74

* Aw-Py0y5 ; the water-scluble PoOy; adbered to the surface of phoshogypsum.
85-Py05 ; the water—soluble PoOs substituted in the crystal latlice of phosphogypsum.

T-P0; ; total PO
Al-F i the water-inseluble F adhered to the surface of phosphogypsum.
T-F ; latal F.
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Table 4, Impurities included ic the vhosphogypsum gl p ] 28y 24 PO dz289 %

o Insoluble Fluorides woluh 2317 58] e $EEe gel wheEst A
calciumfluoride, CaFaz et AdE A S AAAT A FEALD
cuspidine, CaFy - 28i0; - 3Ca0 glE A, Ax AR I 8045 o HPOS 71 AR

¢ Simple Soluble Fluerides A 2HE] o] 4 7.9} solid solution & & 454 27| 8=
sodinmh {luoride, NaF o] @liw o) E gk SA o] 435 AR

o Coraplex. Fluorcanions g A7 el Sz, oA nE avtd 4vEES
sodium fluosilicate, MNagSiFs ek g AH A5

sodium fluoraluminate, NagAlF;
sodinm fluoroferrite, NagFeFs
o Insoluble Menophosphates

Bl w ZEAAA Az pEle] 5
8 a4 Qg e sel 9l W), %

-
2o A Eg a4 nd Azdplez AH=a 3

tricaleium phosphate, Cag(POy)o et
dicaleium phosphate hydrale. Ca(HsPO.)s - H0 T AR £ AN =3 429 4234 A
o Soluble Monophosphates 3, ware) FE AEL TR A9 A9
monocalcium phosphate hydrate, Ca(HPOg)s - = g ¢l AR 33 80; Tl B fEa s 54
1,0 g ez glos), 4 45 = FFAE 2
o Polyphosphates A g o 2 ks FAFAelA P4
calcium pyrophosphate, CasP»O; 5 olaba zql JH-A ¢} TH-B & H % d&5] 4
calcium acid pyrophosphate, CadP:07 s3] B2, AF el wle Aw. PaOs 2 g-ekzlo] 7}
calcium acid tetraphosphate, CasHgPyOrg H Ay ey o]s TH-A ¢ ;g_?_sf 2ag & A
okslebA] Jo] A= o} i ok NEFA] A FF
or—CaF;+Calcium Silicale Hydrates+NaQH - (2) Fke] Aw. P57 AARHE '3: gl e, 28
or—CaFy-+Caleium Silicate Hydrates-+Sodium Az A R e gle 24 PaOs(8s PaOs)
Silicate e 3 2 gregEel = %’—JE’HI- Az e gl e gl
= AdE sl o e ARARd 754 Ax, Azgdzy $A5ez Az & 7 A2
F b uheabe] silica gelo]i} FAREFaEE 749 AX)7 opgse] ddzidy Ftd A5 el
nEHAufe] AdlESA Zxid 4] dAHd 2 B & Aol g Aoz vty gl
sglH L mEEe adle] Hu, oldE AYEEE S PO;E FAAC H AL AAA =2 SIS
zEdeAdEs] FEH4EES FAAA FAA of 9 gv} =3 Table 3564 AAA= 24 &
glomz AdEed & B4dE A= i @ Zoak A9 el PR HAFIAE Pl (Aw.
= Arelz vk = Kaji s Tsuda_} A% g =} Po05+8s. PaDs 2] Seke 0.55~1.0% 7 == KSL 90
el A= g4 Feof 4] 448 Cab 7| AWE 05 (Al 28 kg =4 2o A A O 1% e s nek
o QAAEE A AFAA Y mF 54 PO = UFF FAE
o oA EAEE = A4 W FARGSE nwel  mal, Table 339 T.F-AL FE 4 Axgd 23
g}, wmdl F24 PO = 4y mgyd 58 ST A Feo @gste oz T.W 0.08%, YN 0.27%,
B2 Al B2 Fild 713 ‘%}!% 7 Atz NH 0.1%, JH-AC.07%, JH-BO.07% 5= YN 4
@A Guel, 1S AFAAA BEE A wol AR Gsten Ad AnEe 014ULEZ
A, 2 A e g3,
HoPy0;2 +40H " —— 3H0-+2P0,4 33 Qe EAEE 3 ES
IPOE 4302 —>Cag (PO 2 3-3-1. 5Z A
Z, xe AR AN E e QA 25l AT 297, Ahd A28 F 8 AvkEEe
29 Sadeaie] TadFd o 24 45 AET Adre £3A4E deoid S8 Y5
Ca? ol &3 4l-e3bd 2444 tricaleium phosphate gor, 7 A= Fig 13 2o
& g, olAel aAAZES Ewel 244 H oS x5S AdEd A7 Y 1% EEE
o RG] Rt Amw AAGEE 99 S04 2A F58 POssl He) ALAYH €492 1
AF4ards 44 ¥ L& AdA7A A g pd A3 ew AstsE HuEd 584 PO T
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Fig. 1. Effecl of added gypsums and SOs conient on
setling time of CL-1 cement (a) and CL-2

cement (b)
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