STUDIES OF URANIUM MINERALS (XXII): SYNTHETIC
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ABSTRACT

The uranium minerals phosphuranylite, renardite, “dewindtite,” dumontite, parsonsite
and the phase lead-autunite have been investigated synthetically to establish identity and
the conditions of deposition. In the acid range, autunite and parsonsite predominate. Under
neutral and alkaline conditions, there exist a number of renardite-type phases of variable
lead content with closely related x-ray spectra and properties. It is suggested that “dewind-
tite” be discredited as a distinct mineral species. A phase has been prepared that corre-
sponds chemically but is not identical to dumontite on the basis of limited, existing data on
the mineral. The methods of synthesis and resultant phases in the systems calcium- and
lead-uranyl-phosphate-water are described. Chemical, optical and x-ray data are included.

I. PRE-EXISTING PHASE DATA

(a) System: Calcium-Uranyl-Phosphate-W ater. The mineral phases that
have been described earlier in the system are: autunite, Ca(UOz)2(POy)2
-10-12 H,O; meta-autunite-I, containing 2.5-6.5 H,O; meta-autunite-II,
with 0-6 H,O (1, 6, 11) and phosphuranylite, Ca(UQs3)s(PO4)2(OH)4
-TH,O (2, 5, 8, 10). Blinkoff (4) described the preparation of a yellow,
tetragonal phase that may be chemically analogous to ‘“‘dewindtite.”

(b) System: Lead-Uranyl-Phosphate-W ater. The minerals encountered
in the system are: renardite, Ph(UQ2)4(POy)2(OH), 7 HyO (isostructural
with phosphuranylite) (3, 9, 15); “dewindtite” (8, 10, 14); dumontite
(14, 15); and parsonsite Pby(UQy) (PO,).- 2H-0 (3, 5, 13, 15).

The chemical analysis of ‘“dewindtite’” (14) implies a phase that is
chemically distinct from renardite, but the x-ray data (8, 9, 10) indicate
that they are isostructural. Bignand (2) compared specimens of the two
minerals and inferred that they are identical, but suggested further
studies. Lead-autunite, never previously described as a mineral occur-
rence, was prepared by Fairchild (6).

II. DiscussioN OoF PHASE RELATIONS

The systems calcium- and lead-uranyl-phosphate-water were surveyed
for mineral relationships. The phase relations are closely similar in the
two systems and may be generalized in the same diagram, Fig. 1. At
high concentrations of uranyl-ion, calcium and lead may be considered
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synonymous. The phases observed in both systems tend to be isostruc-
tural. Due to the complexity of a four-component system, the phase rela-
tions in Fig. 1 have been reduced for simplicity to express the relative
acidity, alkalinity and cation (uranyl to calcium or lead) concentra-
tions. The numerical values refer to the concentrations of the entire sys-
tem. In this respect, the compositions of the lead phases bear a linear re-
lation to the compositions of the system as a whole; while proportionately
less calcium is found in the solid phases of the system calcium-uranyl-
phosphate owing to the greater solubility of the latter ion. All solid phases
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Fic. 1. Phase relations in the system: lead-uranyl-phosphate-water, as functions of
the acidity, alkalinity and relative cation concentrations.

have been referred to the general formula, Pb.(UO.),(PO4):(OH),
-nH;0. The methods of synthesis and resultant phases and the chemical,
optical and x-ray data are included in section IIT.

(a) System: Calcium-Uranyl-Phosphate-W ater. The phases of mineral-
ogical importance that have been observed are hydrogen-autunite,
calcium-autunite, phosphuranylite and a calcium-derivative of par-
sonsite. The stable acid phases are hydrogen-autunite (12), which is
formed at high concentrations of uranyl ion; calcium-autunite at inter-
mediate concentrations of calcium- and uranyl-ion; and a calcium
derivative of parsonsite at greater calcium concentration. In the alkaline
region, only phosphuranylite was observed to form.

(b) System: Lead-Uranyl-Phosphate-W ater. The phases studied in this
system, depicted in Fig. 1, are hydrogen-autunite, lead-autunite, renard-
ite (“‘dewindtite’”), D-I (a new phase with similarities to dumontite)
and parsonsite. At high concentrations of uranyl ion (UO,/Pb ratio of
approximately 4.0), the stable phase is hydrogen-autunite under acid
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conditions. Renardite is formed in the absence of free acid over a wide
alkaline range and coexists with hydrogen-autunite in the neutral region.
At higher lead concentrations, lead-autunite is observed to form and
appears to crystallize in a partial series with hydrogen-autunite. (Inter-
layering rather than isomorphism is more probable in view of the cation
differences.) The pure lead phase is formed when the ratio of UO;/Pb is
2.0 in the acid range of pH 1.5 to 4.0. Parsonsite is stable in acid to
neutral solutions (pH 2 to 6) at high lead concentrations (UOy/Pb ratio
less than or equal to one-half). In the weakly alkaline region, renardite
has been found to coexist with hydrogen- or lead-autunite at composi-
tions similar to that of “dewindtite.” The latter name should probably
be discredited as representative of a single mineral species.
Approaching higher lead concentrations, a series of renardite-like
phases of variable lead content have been observed to form. This
series of structurally related phases, from chemical analyses, x-ray
and optical evidence (Section IIT) appears to extend from renardite
Pb(U02)4(PO4)2(OH)4 7nH,0 to the phase, Pba(UOz)z(PO4)2' nH20, which
is chemically and optically related to dumontite. The remaining portions
of these systems have not been investigated since they do not include
important minerals. It appears that most of the complex calcium and
lead-uranyl phosphates are deposited under acid or neutral conditions,
and that extremely low phosphoric acid concentrations are sufficient.

III. PREPARATION AND DESCRIPTION OF SYNTHETIC PHASES

(a) System: Calcium-Uranyl-Phosphate-Water. The syntheses and
chemical analyses* of phases observed in this system are arranged in
Table 1.

1. Phosphuranylite. Phosphuranylite was prepared from mildly acid
to strongly alkaline solutions using relatively high concentrations of
uranyl ion. Optically it is orthorhombic, biaxial negative, @ =1.6561.001

I/1o dmas. Ikl I/T, Buea. likl

1 10.34 101 3 3.427 004, 402*
10 b. 7.90 200* 3 3.153 204

1— 6.33 012 5 3.058 501, 511

3 5.83 220 1 2.942 432, 440

7 4.93 301, 212 4 2.863 351, 060, 252
3 4.38 032, 103, 040* 1b.— 2.49 602

5h. 3.97 400 1 1b. 2.43 612

3b. 3.83 410

b—broad line.
* Michael DeSesa, Analyst. Raw Materials Development Laboratory, National Lead
Co., Inc., Winchester, Massachusetts.
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(pale yellow), 8=1.689 (golden yellow), ¥ =1.691 (golden yellow). 2V is
approximately 20°. X-ray powder data obtained in CuKa radiation on
the recording diffractometer are given below. The phase is orthorhombic
with cell dimensions a=15.8 A, 56=17.5 A, ¢=13.7 A+0.1 A, calculated
from the starred reflections for space group Bmmb.

2. Blinkoff’s Compound I. (Hydrogen-calcium parsonsite derivative?).
An attempt was made to repeat Blinkoff’s original synthesis, incompletely
described in the literature (4). The resulting acidic phase was found to
be structurally similar to parsonsite, having the same relative uranyl-
phosphate ratio. The original phase may have been formed under more
alkaline conditions as indicated by the reported composition
—3Ca0.5U0;.Py0;.16H,0. Optically, it is uniaxial negative. n=1.559
+.001, w=1.561 (elongation). X-ray powder data obtained in CuKa
radiation on the recording diffractometer are as follows:

A F | /I, o ne
6 11.79 8 2.191
4 7.25 i 1.765
10 6.862 4 1.707
2 4.54 5 1.647
2 3.85 1 1.530
1 3.66 1 1.512
9 3.378 3 1.365
2 2.73 2 1.316
4 2.270

3. Blinkoff’s Compound II. (Hydrogen-autunite). A hydrothermal
synthesis of the previous phase was also described. (4). “Quadratic
platelets” of the latter were formed at 200°C. from a nitric acid solution
of calcium and uranyl nitrates. In the present interpretation, the phase
obtained was hydrogen-autunite (12), as might be anticipated from the
concentrations of the reagents and the high acidity.

Analogues. Attempts were made to synthesize the calcium-analogues
of the lead-minerals “dewindtite” (Blinkoff’s Phase?) and dumontite
under the same conditions of acidity and concentration that were used
to form the corresponding lead phases. The phases formed were autunite
and phosphuranylite, respectively.

Barium-Phosphuranylite. A barium-analogue of phosphuranylite (and
renardite) was prepared in a similar manner (Table 1). The renardite
samples analyzed by Cuttitta in Frondel (11) contained slightly less than
one per cent barium oxide. Optically, barium-phosphuranylite is ortho-
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rhombic, biaxial negative, @ =1.660+.001, 8=1.690, v=1.695. X-ray
powder data were obtained in CuKea radiation on the recording dif-
fractometer. The phase is orthorhombic, with probable space group
Bmmb and the calculated elements —a=16.2 A, 6=17.7 A, c=13.9 A.

I/1, dicaus
5h. 8.0
3b. 5.9
2d. 6.46
4 4.412*
7 3.83
5 3.47*
4d. 3.18
10 3.08
7 2.88

5 [ 2.13

(b) System: Lead-Uranyl-Phosphate-Waier. To simplify the stoichi-
ometry, all member phases were reduced to the general formula:
H,(Pb.(UO),(POL)(OH), - #HsO. To prepare the above phases, the

Ratio Phase
U0./Ph Acid range | Alkaline range
4.00 ——— Renardite (9)

Pb(UO2)4(PO4)2(OH)4 al 7 Hzo

2.00 | Lead-autunite (6) “Dewindtite” (10)
Ph(UO,)2(PO,)2- 8 H.O Pby 5(U0,)3(PO4)2(OH); - 5 H.O

2.00 — “Dewindtite” (10)
Pb1.535(UO2)2.46(POy)2(OH)2 - 4.6 HO

1.67 —_— “Dewindtite” (14)
Pb1.5(UO2)2.5(PO,)2(OH)2 - 5 HO

1.50 —_— Dumontite (14, 15)
sz(U02)3(P04)2(OH)4 -3 H:0

0.50 Parsonsite (3, 7) e
| Pbe(UO,) (POy)2- 2 HoO

stoichiometric equivalent amounts of phosphoric acid, lead and uranyl
nitrates and potassium hydroxide were combined in aqueous solution.
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The existence of free acid in solution appeared to prevent the formation
of the hydroxylated phases. Synthesis were carried out with just enough
base to neutralize the free acid, assuming that phosphoric acid com-
pletely dissociated as a tribasic acid. The formation of the hydroxylated
phases is expressed by the equation:

2HPO; + aPh(NO3): + yUONOs)z + (z + 6)KOH — Pb,(U0s),(PO.)s(OH),  nH,0
and for the acid members, by the methathesis:
2H,;PO4 + xPb(NO3)s + yUO (NOs)z — Pb (UOy), (PO nH0

The various synthetic phases and partial chemical analyses are listed in
Table 2.

1. Renardite. The synthesis of renardite proceeded in the manner de-
scribed for hydroxylated members (Table 2). The crystallinity was im-
proved by the presence of potassium hydroxide and a trace amount of
hydrochloric acid. On adding larger amounts of acid, hydrogen-autunite
was observed to form. Optically, renardite is orthorhombic, biaxial nega-
tive, «=1.715 (pale yellow), 8=1.735 (yellow), y=1.738 (yellow), 2V
large. X-ray powder data were obtained in CuKa radiation on the re-
cording (}iffractometer. The calculated elements are a=15.9A, b=17.6 A,
c=13.8 A.

dmeas

—~

S~
~
=]

| 9.94
7.76-7.95%
. 6.42
5.79
4.39%
3.87
3.453*%
3.153
3.069
| 2.858
| 2.137

e

—_
=

—_
W00 O 0 ~T O 00 N DD ~T e

} Dependent upon hydration.

2. “Dewindtite.” The validity of “dewindtite” as a separate species is
in doubt, as it appears to be structurally identical to renardite, but
chemically different. Using the initial compositions listed in Table 2, one
commonly observes the two phases lead-autunite and renardite which
coexist at equilibrium at the composition attributed to “dewindtite” by
Schoep.

3. Dumontite. Precise chemical and crystallographic specifications on
dumontite were lacking. An examination of a minute sample of the



‘POUBLPIP Aq PajB[nIed 'I9BM

7-1=Hd YOdTH 02070
ERUIGIELES] OFH 9-*(FONJFO0 010D

— — A[ouy  MO[[P4 ored ‘9Muosied . FEONED 02070 oS "¢

(danyesdws [, wooy)
O°H 8-*(0dr*(ton)ad 88'¢ —d 1=gHd (1391 01 193] OdEH 0700
pue 09— “$1eI8A10 MO[[24 ‘a1enbs | -51) sinjeladwis) W01 8 UOHYE] OFH 9+ EONFON 020

O*H $°9-*("0d)*Con)ad 6 6T1—Aqd % oI ‘junyne-view-prar] | -darg D 06 3e uonelidnaig SEONIGD 01070 | 931un3ne-elaw-peey ‘y
HOX 0%0°0
80'y=d d=nd Od* 0200

O*H ¢-*(HO»*("Qd) t0Nn)qd 6°95—QN Aduo O*H 9-*CON)'0N 0£0 0 (Ir-a

suryoeorddy 9°91—qd % | 481 'wpmod suy ‘9dA)-o1preuay . *CONJAd 0200

O°H ¢ *(HO>* (000 ad
Zuiyoroaddy

(—p=pd
a8urIo J4y31]

‘opmod  ouy

‘adfy-smuowmn(q

"I 3nuown(q @M.

R HOY 0700
O'H 21 -*0d°®BN 020'0
D010 0£0'0
*(CON)4d 02070

(11
I |Inuowng]

—¢=Hd

HOY 020'0
O°H 21 -*Od*EN 020°0
OH 9-*(*ON)*0N $T0°0

(whusic g dacyag)

ooy [enied

[BUg PUB (S)aseyJ JUBI[NSIY

snoatbe 1o snsuoduo

1% - — TOYIPIEUSI PUR J3[UNINE-PEI] “ *CON)Ad S10°0 AR puisR(,
4 N | e
jo) . i HOM 000" 0
R O'H (#—21)-*(od)*(tonjad 0% —d OFH €1 -"Od"EN 020" 0 {minutio g pag
Ll pue £°8v—0n +v=Hd (FH 9 NIFOL 9900
A_Ia O°H #-*(H0)*("0d)*t0n)ad £°¢1—ad % ‘a)lpleusl pue 3junine-pea] « ONJA SRR 0 Pt
m HOX 20'0
&) O°H €1 -*Od*BN 70°0
] —r=pHd O'H 9+*(FOND*0N +0'0
W B - "3}pJeual o 90%I) TTUMINY . “CONDA 10°0 AIPHIMA(T,, 9T
HOY ¥0'0
O'H E1-'Od°BN I0°0
+1=Hd OFH 92 FON)'ON 720'0
= = “ad&-anuoung . FEONI 1070 | LI 3pused,, 9z
— — +¥=Hd ‘ad41—9)1pieuny & T L MUPUINAG,, BY
O'H (=971} ‘0dH'ON (@) 19V —d
L'1s—0 ¢=Hd
OFH % HHOE D" _oEi 0579 —Ad % | IUMNE-UAZ0IPAY PUR 9}IpIeusy . T avipavuay gp
HOX %00
00°% —d ‘SY99M OM) UOTIN{OS O°H 21 -*Qd 8N 20" 0
1°4§—0N ¢=Hd "eBuero-mol [E{{(N)Qd TP Wl paSueyxa-oseq O'H 9-*FON)*ON F0°0
O'H 8- "(HO)(0d)'Con)ad 6°01—ad % -104 our[e)s£m Ajpuy Bﬁ.:EuM ) 00T 3B m.E 8% ﬂo:mum_ﬁ fCON)Ad 1070 ] 9IpIBURY ‘D]
~ e — — o
& ®[IWLIO ] JUS[RAINDY sSISATeny Hd uonnjos ampaso1g 33T 190l sjowr “watsss SISOYIUAS

ALV M -HLVHASOHJ-TANVE[)-AVAT] ‘WALSAS THL NI SESTHINAG IVIDIAILAY ‘g A1dVv],



STUDIES OF URANIUM MINERALS (XXII) 923

mineral from Katanga revealed the presence of green torbernite and a
colloidal orange phase. From the matrix, a microscopic, yellow prismatic
crystal was separated for x-ray analysis. Optically, it was found to be
orthorhombic, biaxial positive. Prismatic [001] elongated. a=a¢=1.88
(pale yellow), 8=c=1.89, y=b=1.90 (deep yellow) (14), (15). X-ray
data for the mineral were obtained from Weissenberg photographs using
CuKa radiation. It was found to be orthorhombic with the Laue sym-
metry: mmmC- - -, a=8.57 A, 5=11.01 A, ¢=6.93 A+0.01 A. The cal-
culated specific gravity=23.86 for Z=1[Pbs(UOz)2(PO4):(OH),-3H-0].
The measured specific gravity was variable: 3.82 (most homogeneous
sample). On the basis of this unit cell, some of the x-ray powder reflections
were not indexable, but could be attributed to the orange component if
it were a renardite-type phase. The synthetic phases obtained in the
compositional range of dumontite were orange colored, poorly crystalline
(Table 2) and structurally similar to renardite. Phase D-1 was observed
to be chemically and optically similar to dumontite; phase D-2 chemically
and optically comparable to renardite. The x-ray data are given beyond.

In general, the alkaline syntheses at various lead concentrations yielded
a series of renardite-type phases of variable composition. These alkaline
phases are orthorhombic, biaxial negative, with the exception of D-1,
which is positive. The mean refractive index has been observed to increase
with increasing lead content.

Relative Concentration | Mean Index*

1. [U0,/Pb]=4.0 ~1.73 (Renardite)
[OH]=4.0

2. [UOy/Pb}=2.0 | ~1.76 (Corresponding to natural “dewindtite”)
[OH]=4.0

3. [UOy/Pb]<2.0 ~1.78
[OH]=4.0
(D-1) 1.775 (Positive)
(D-2) 1.76-1.78

* Indices of 1.8 and greater have been found on partially dehydrated samples.

X-ray powder data for phases obtained during the dumontite syntheses
were obtained on the recording diffractometer in CuKa radiation.
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D-1 D-2.
I/1y Binas, | T/To @incas-
4 7.63 (poorly) 5b. 7.69
crystalline)
7D. 6.81 7 6.97
4 4.58 | 1 6.41
3 4.10 5b. 5.68
10 3.460 4 4.44
9 3.10 9 3.850
8 2.98 10 3.520
7 2.95 ‘ 8 b. 3.10
6 2.87

Regarding the cell parameters of the variable renardite-type phases, two
trends were noted:

1. The da spacing for the cation ratio [UO,/Pb]=4.0 decreases from
7.95 A. in the less alkaline region (Fig. 1) to 7.56 A at higher basicity.
(Net [OH] concentrations: 3.0~8.0).

2. The day spacings for the net {OH] concentration=4.0 and different
cation concentrations vary from 7.95 A to 7.01 A, decreasing with in-
creasing lead content.

4. Lead meta-autunite. In the acid range, dark yellow, tetragonal
crystals of lead meta-autunite, measuring about 1.5 millimeters wide,
were grown at room temperature over a period of several months. A
super-saturated solution of tribasic lead phosphate and uranyl nitrate
in the ratio 1:2 was prepared with just enough nitric acid to dissolve
the former salt. The thin quadratic platelets formed rosettes of com-
posite crystals with {001} predominating. The phase fluoresces light
greenish-yellow in ultra-violet light. It is probably isostructural with
meta-torbernite and related minerals. Optically, lead meta-autunite is
tetragonal, uniaxial negative, 0 =1.655 (yellow), e=1.635 (light yellow).
From Weissenberg data obtained in CuKe radiation, the phase was de-
termined to be tetragonal, space group: P 4/nmm, a=6.93 A, c=17.13 A
+0.01 A, ¢/a=2.472. With prolonged exposure to x-radiation, very weak
reflections become apparent midway between the layer lines about [001].
The tetragonal pseudo-cell has the dimensions a=6.93 A, ¢=8.57 A,
¢/a=1.237. The calculated specific gravity is 4.367 for

Z = [Pb(UOw:(POy):- 8H.0],

and the measured value was 4.31. At 110° C. 13.7 per cent water was
lost.
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Powder diffraction data. Film. CuKe radiation.

I/IO | dmeus Ikl ‘ d{:alc. ‘ ' I/IO dmeus. || Ikt | daalc.
10 | 850 002 8.57 4 |2.110 | 312,216 | 2.123,2.099
4 5.40 012 5.39 5 12.045| 108,304 |2.045,2.033
2 4.93 110 4.90 2 1.963 314 1.951
8 4.28 | 004,112 | 4.28,4.28 3 |1.881 322 1.876
9 3.648 104 3.642 2 |1.824 208 1.821
4 3.50 200 3.465 1 | 1.766 324 1.782
4 3.226 | 114,022 | 3.224,3.212 1 |[1.7113 402 1.698
3 2.931 122 2.915 5 | 1.618 | 1.1.10,404 | 1.617,1.606
6 2.644 106 2.640 3 | 1.537 | 318,422 | 1.531,1.525
4 2.475 | 116,220 | 2.466,2.450 1 |1.429 328 1.430
1b. | 2.36 222 2.355 2 | 1.400 1.0.12 1.398
2 2.206 310 2.192 1| 1.372 1.1.12 1.370
8 2.141 008 2.141 1 |1.352 3.1.10 1.349

| 1 [1.323 2.0.12 1.320

5. Parsonsite. Parsonsite was prepared from both acid and neutral
solutions. The pale yellow phase appeared dense and relatively anhydrous
in comparison to the other phases. The x-ray powder data include low
angle reflections which were omitted in some earlier descriptions. An-
hydrous parsonsite is optically monoclinic with mean index greater than
2.00. X-ray powder data given below were obtained on the recording dif-
fractometer in CuKa radiation.

I/IO dmeas. I I/IO dmeas. I/IO dmmm [/10 dmaa.s.
1 10.05 2 3.083 2 2.222 1 1.714
il 6.73 2 2.994 2 2.191 2 1.649
2 5.99 3 2.914 3 2.118 1 1.616
1 5.71 4 2.778 1 2.091 1 1.595
2 5.04 2 2.691 2 2.032 1 1.563
1— 4.85 3 2.600 1 2.002 1 1.530

10 4.175 2 2.547 1 1.974 1 1.514
2 3.934 2 2.515 1 1.938 1 1.501
2 3.873 1 2.423 % 1.904 1 1.492
9 3.381 2 2.350 2 1.873 1 1.480
8 3.267 2 2.305 2 1.841 1 1.421
9 3.222 2 2.246 1 1.771 1 1.336
8 3.147 1 1.755
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