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ARSTRACT 

Four phosphate minerals: strengite. lipscanbite. cyrilwite and goyaxite 
were studied by themal analysis (DYA. YC), X-rays (XRD). electron microscopy 
(SEII), and infrared absorption. The three hydrous iron phosphates studied 
behave similarly to hydrous aluminous phosphates. They give endothermic 
reactions at low end medium temperatures related to the loss of water of 
crystallization and hydroxyls respectively. This causes a stray decrease in 
crystalliuity. Recrystallization at high temperatures (650 - 808 C) with the 
fomation, of FePO4 (a -quartz structure and other polymorphs) appears to be 
coamon for hydrous iron phosphates. 

INYRODUCYION 

Anunusualmineral assemblageofiron and al&mm phosphates is found 
associated with the Mishash-Chareb Fomations unconformity in the Negev 
(Southern Israel). A recent study [l] has revealed the presence of several 
minerals which had not previously been identified in Israel. 

During the course of the mineralogical investigation it appeared that the 
themal data for some of these minerals was incomplete. Four such minerals 
were chosen for the present study, three iron phosphate minerals: atrengite, 
lipscmbite. cyrilwiteandoue allrrinuphosphatemineral: goyaxite. 

SAMPLESANDANALYYICALYXcaiNIQuES 

The smplea were hand picked and a preliminary X-ray diffraction done 
(Philips pw 1058/80). Appropriate samples were then further purified, using 
nitric acid (4N) to dissolve calciu phosphates. A solution of sodium 
chlordde (10&r/l) was wed to wash out m. Bach rineral was then checked 
by XRD and only -lea which had no extraneous X-ray lines (apart from the 
stmngeat quarts reflection) were taken for further study. 

The purified mles were then enalysed with a scanning electron microscope 
(Jeol JSn-8&) coupled with an energy dispersive apectrmeter (LinhXDS 
10WS). The themic character~atics were studied by cabined differential 
tied ana.~yaia and thermogravimetrywithaStantonDedcroft 781 amaratw 
wing3t3toto~of themineral. The heating rate was 20% per minute. 
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All samples were quenched after each thermal event and examined by XRU. An 
infrared absorption spectrum was done (Nicolet XU5) for the original samples 
and some of the quenched samples. This was done on pressed pellets (1 mg of 
sample into 150 mg XBr) from 400 an-1 to 4006 au-l. The colors of the original 
and quenched samples given in the text were determined according the ‘US 
Rock-color Chart [2] 

RESULTS AND DISCUSSION 

The results of the chemical analysis are given in Table 1. The results are 
given as obtained and recalculated to a 100X, taking into account the water 
content as obtained from the TG curves. 

TABLE 1: Chemical Analyses 

Sample Strengite Lipscombite Cyrilwite Coyaxite 
EUS talc. EUS talc. RUS talc. EUS talc. 
% x x % x % x % 

p205 
Fe203 
A1203 

36.0 36.6 33.5 38.6 22.2 28.6 24.0 
42.0 42.6 43.0 49.5 36.7 

lg.8 
47.3 - - 

1.5 1.7 1.7 2.2 30.4 35.5 
1.5 1.5 - - - - -_ - 

;.t . 7.0 3:8 4:5 
SlC 14.7 17.0 
H20 - 19.0 - 10.0 - 15.0 - 19.0 

Total I 99.7 99.8 100.1 180.0 
I 

STRENGITE 

Strengite - P23P04.2ti20. the Negev species has a pale green color _ _ and its 
hue changes to bluish (6OG "C), then yellowish (800°C) and finally gray 
(lOoo°C). A typical chemical analysis is given in Table 1 and a SEM picture 
is given in Plate 1'. The X-ray and infrared patterns are almost identical to 
those given by Arlidge et al. [3]. 

The UTA's of the strengite samples examined in the present study show three 
themal events (Fig. 1). The first is a strong endotherm with a peak at 
about 2413%. A previous study 133 has already recorded this event and 
attributed it to dehydration; we concur with this interpretation. The weight 
loss - 16.6% - (To curve - Fig. 1) related to this event and the 
disappearance of the strong absorption H-O band at 3560 cm-I in the IR spectra 
confirm that practically all the structural water is expelled in this event. 
The lines of the X-ray pattern of a sample quenched efter 350% are weak and 





Plate 1: %WM photographs of strsngite; A - original sample, I3 - after 
heating to 80wc, c - after heating to 1200%. 
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Lipscombite - P~%e+~(F0,),(oH)2. this mineral occurs in the Negev without 
any discernable Ihr substitution. similar to the synthetic product [4]. A 
chemical analysis is given in Table 1. The previous mention of a natural 
occurrence [5] was of a manganoan lipscombite. The X-ray pattern is similar 
to the me given by Gheitb [4]. The mineral is grayish-green turning to dark 
yellouish-green (280 "C) and to brownish-green (4&C), getting darker (brown 
and dark brown) with increasing temperature. 

The DTA's show at least four thermal events (Fig. 26). The first is a 
strong endotherm at about 2OWC in which the mineral looses only (1.5% of its 
weight, theX-ray pattern remainingunchanged. The second is a very broad 
complex endotherm between 330 and 570%, with badly defined peaks at 355. 410. 
510 and 56Q°C, this is accompanied by a weight loss of about 9% (complete 
dehydroxylation). The X-ray pattern still shows the characteristic peaks of 
lipscombite though weaker and more diffuse. The third event at about 8000~ is 
a very weak exothenu probably representing a phase transition. The X-ray 
pattern of a sample quenched at 850~ shows three phases: low-quartz type 
a-FePOq , hematite Fep 03 , and an unidentified phase. similar to the one 
described in the themal products of strengite. The fourth event is a sharp 
endotherm at about 1020 "C. X-ray of the product shows the presence of the 
cristobalite type polymorph of FePO,together with the unidentified phase which 
becacs stronger. 

!Some differences can be noted between our results for a natural sample and 
those of Clheith 143 for a synthetic sample. The natural sample appears to be 
better crystallized. The low-quartz type FeF'O,in the synthetic sample occurs 
already at 560 ‘C. while in the natural sample it occurs only at much higher 
temperatures (above 650°C). There is no difference between the DTA under air 
and in an inert atmosphere (N2).Furthermore, oxidation apparently takes place 
in both cases (the color changes to brown) confirming Oheith [4] in that the 
oxidation of the ferrous iron in lipscanbite takes place without the addition 
of oxygen, but by removing the Ii ions of the OH groups. 

cTRILOVITJI 

chz:;ov:light b&w&55W'C): 
- NaF&'(PO ) (OH) .W2 0. The mineral is moderate yellow 

th en fmm moderate brown (460°C) to moderate 
reddish-brown (66WC) and finally to dark reddish brown (100WC). A chemical 
analysis is given in table 1. 

Five themal events could be distinguished in the DTA curve (Fig. 2C). 
The two first weak endothems at 150 and 325% are probably not characteristic 
of cyrilwite. As a matter of fact they occur with stronger intensities in 
other supples (presumably more impure). Nevertheless these impur$ties could 
not be detected by l(RD and the To curve (Fig. 2C) shows that the peak at 
325°C is associated with a weight loss of 1.5% and some decrease of the 
crystallinity is detected in the quenched sample. The first significant event 
related with certitude to cyrilwite is a double endotherm at 400 and 460"~. 
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Fig. 2: DTA and TG curves of A - goyazite. B - lipsccxnbite 
C - cyrilovite. 
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The first peak of the doublet is associated with a 5.5% weight loss snd the 
second one with 7%. The quenched smple at5WCis ccmpletely amorphous (no 
X-ray lines). Followingaweal~endothexm(6Q5~C) a strong exotheraic event 
occurs at 6700~ (the weak shoulderonwhich the sharpexotheraicpeakis 
located, appears to be related to the impurities already mentioned). This 
event corresponds to recrystallixation: four phases can be detected in the 
X-ray diffraction of the quenched sample (750°C): hematite, low-quartz type 
FePG4. Fe2 (PO4 )2 and maricite NaFePG4. Abroadcmplexendothernoccura 
between 860 and 930%. with a sharp peek at 870 OC representing decompositon 
and fusion. 

The results are similar to those given by Correia Neves 163, with sune 
differences such as a such better defined doublet (400 and 460°C) and higher 
temperatures for the exothermic peak and fusion in the Negev mineral. 

GoYA7xTE 

oOyeZitc.- (Sr.W ~3(FQ4)2(~)5-H20. The very pale orange mineral is 
turning to grayish orange at 60&C and finally to light brown at 1QQQ~C. A 
chemical analysis is given in Table 1. 

At least three main events could be observed in the UfA curve (Fig. 2A). 
A first endotherm occurs at 18Q°C together with a weight loss of 4.53. without 
causingauysignificantchangein t.heXSD pattern of goyasite. The 14.5% 
weight loss which is associated with the second endotherric event at 48~0~. 
corresponds to the cokplete loss of crystallinity. The thirdeventis asharp 
exotherm with a peak at 760%. which marks the beginning of recrystallization. 
Two phases w be identified in the mle quenched at ~WC: the aluminous 
isotype of tridymite AlW4 (28-44 or 2Q-45).described by Floerke [7]. and a 
Sr-phosphate (fermorite type). A very week endothea occurs at 95QW; however 
the TG cuxve records at this temperature aweightlossof 3.5% forwhichwe 
have noexplanation. The sample quenched at llQQ% has not yet melted and 
gives the same components as at 8QQ°C, plus corrundum AlgG3(1Q-173). 

These results are similar to those presented by Capdecorsae et al [8] and by 
Gilhes. et al [9]. However, we did not identify the aluminous phosphate 
isotG of cristobalite, which begins to crystallize at 750 OC according 
Capdeconme. 

CGNCLUSIGNS 

The results of the present study together with those of previous worhs 

to 

13, 
lQ] show that the thefial behaviour ofhydrousironphoephatesis very similar 
to that of hydrous alumina phosphates [ll]. IZndotherric reactions at low and 
mediu Mratures indicate loss of water of crystallisation and hydroxyls 
resDectivelY. This results in a breakdoun of the structure. Subsequently an 
exe-tiexmic ~structural reordering occura at higher te=peratures (658 - 8QQW) 
resulting in the foxmation of (I-PePG4 or one of ifa polywrphs. Finally 
decwposition and/or melting occur with the fomatim of coodensed phosphates. 
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It is intwesting to note that the presence of Ra in cyrilovite lowers 
considerably the temperatures of both the exothermic reotieringandthe 
melting point. 

The authors thank Mr Arie Peer from me Geological Survey of Israel for 
technical help, Dr. Shlmo Shoval fraar Everyman’s University, Tel-Aviv for 
running the IR spectra and the Administration for Kartb Sciences, Rinistry of 
Energy for finnancial support. 
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