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An investigation of the Ti—P and Ti—Cu—P
systems has disclosed new phases. The phases were
studied using X-ray diffraction and electron micro-
probe techniques. The results obtained are reported
in the present communication.

The Ti—P alloys were prepared by reacting
filings of titanium and red phosphorus (Koch-Light
Laboratories Ltd, Colnbrook, England, claimed
purity 99.95 and 99.999 9;, respectively) in evacu-
ated and sealed silica tubes at 800 °C for at least
three days. The reaction products were subsequently
arc-melted under a purified argon atmosphere. In
a similar manner copper-rich ternary samples were
prepared by initially reacting lumps of copper
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(Outokumpu Oy, Pori, Finland, as analyzed better
than 99.99 %) and red phosphorus in silica tubes
and subsequently melting the reaction products
together with lumps of titanium in a cold crucible
induction furnace or an arc furnace. Prior to the
synthesis, surface oxides on the starting materials
were removed. Parts of the samples were heat-
treated at 800 and 900 °C for 11—12 days. Metal-
lographic examination of the solidified copper-rich
melts revealed small primary crystals (needles,
plates, octahedra) in the copper matrix. The
crystals were isolated by dissolving the matrix in
nitric acid and were examined using single crystal
as well as powder X-ray diffraction methods.

The single crystal fragments were examined in
Weissenberg cameras- with filtered CuKa radiation.
Powder diffraction films were recorded in Guinier-
Higg cameras with CuKa, radiation (A= 1.540598
A). Semiconductor grade silicon (a=5.431065 A)
was used as internal calibration standard. The unit
cell dimensions were refined by means of a least-
squares program.! The standard deviations given
in Table 1 were calculated without considering
possible systematic errors.

Table 1. Crystallographic and electron microprobe data of binary and ternary phases. Unit cell dimensions
in A units with standard deviations in parentheses. Microprobe data in atomic percent, normalized to 100,

HFM = High Frequency Melting.

Phase Space Structure Cell No. Heat Micro- Crystal
group type dimensions refl. treatment analysis shape
T17P4 C2/m Nb7P4 a= 14.614(1) 24 Arc melted - --
b= 3.40€0(2)
c= 13.6196(6)
£=104.650(4)
(Ti‘_ Cu,)4P, c2/m Nb.P, a= 14.583(1) 50 12d, 800°C Cu 2.1 Twinned
o 6.033 . b= 3.4084(2) after HFM Ti 61.4 needles
X~ 0 c= 13.6137(6) P 36.5
8=104.633(4)
u-Ti5P3 Pnma B-Ybssb3 = 9.7539(4) 54 Arc melted - --
= 7.4263(3)
c= 6.5032(2)
m-(Ti1_KCux)SP3 Pnma B-YbSSb3 a 9.7475(5) 15 124, 800°C Cu 0.7 Pseudo~
X-0.011 b= 7.4403(3) after HFM Ti 62.5 octahedra
e c 6.5056(5) P 36.8
8-(Ti1_xCux)SP3 Puma NbSP3 a= 24.843(2) 20 124, 800°C Cu 1.6 Needles
X-0.025 b= 3.4258(3) after HFM Ti 61.5
U c=11.2228(7) P 36.9
(Ti1_xCux) 1 6? Punm Zr , ¢P a= 15.529(1) 47 124, 800°C Cu 2.1 Needles
.0 034' or e b= 25.602(2) after HFM Ti 60.3
: Pun2 c= 3.4796(2) P 37.6
(Ti,_,Cu.) 4 oP Pbam - a= 18.531(2) 24 12d, 800°C Cu 4.1 Needles
.0 089' or b= 9.3873(4) after HFM Ti 55.4
T Pba2 c= 3.4418(3) P 40.5
TiCuZP 141/amd - a= 3.5149(1) 28 114, 900°¢ Cu 47.6 Plates
c= 33.562(1) after arc Ti 25.2
(c=8x4.195) melting P 27.2
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The composition of the phases were determined
using an electron microprobe (ARL-SEMQ). Single
crystals were mounted in epoxy resin and after
metallographic preparation covered with a thin
layer of gold to facilitate electron conduction. A
single crystal of Ti;P was used as standard sample
for the determination of titanium and phosphorus
while elemental copper of high purity was used as
standard for the determination of copper. The
microprobe intensity data were corrected for the
effects of atomic number, fluorescence and absorp-
tion using the program MAGIC.? The estimated
relative errors in the microanalysis are approxi-
mately 1 % for titanium and for copper in TiCu,P
and 2 Y% for phosphorus. Low copper concentra-
tions were obtained with much larger relative
error.

Crystallographic and microanalysis data are
presented in Table 1. The micro-probe data are
given in atomic percent, normalized to a sum of 100.
The crystal shape is also given in the table. The
axis of the needle-shaped crystals is in all cases
coincident with the short crystallographic axis. For
some of the phases in Table 1, in particular for
Me _, 5P, significant unit cell variations were found,
indicating a range of homogeneity.

From a crystal structure refinement ? it has been
established that «-TisP; crystallizes in the f-YbsSb 3
type structure* as was earlier proposed by Berger.
This phase is identical to that denoted Ti _, ,P by
Snell.® Ti,P, crystallizes in the Nb,P, type struc-
ture” and dissolves small amounts of copper as
demonstrated by the microanalysis and the shrink-
age of the unit cell volume (see Table 1).

The crystals of B-TisP; gave diffuse and very
weak intensities in Weissenberg as well as powder
patterns. The crystals frequently consisted of several
intergrown, very small (<3 um in diameter) needles
as demonstrated in a SEM study. The structural
isotypism between B-(Ti,_,Cu,)sP; and NbsP,8
was inferred from the similarity of the unit cell
dimensions of the two phases and a satisfactory
agreement between the observed and calculated
(using the atomic parameters of NbP,) intensities
in the pattern of f-(Ti, - ,Cu,)sP;. A comparison of
the Weissenberg films for (Ti,_,Cu,)_, (P with
those for the compound ZrP, (0.5<x<1) in the
Zr—P system ° immediately showed that the two
compounds are isostructural. The space group of
(Ti; - ,Cu,) ., .sP was determined from Weissenberg
films. The approximate compositions of
(Ti, - Cu,) ., ¢P and (Ti,_,Cu,).., sP were ob-
tained from crystallographic considerations of the
unit cell content and from the microanalysis.

As can be seen from Table L the three phases
p-(Ti, _,Cu,)sPy, (Ti,_,Cu,)_, P and (Ti,_,-
Cu,) ., sPcontain only a few atomic percent copper.
It has not so far, been possible to prepare these

phosphides in the Ti— P system using temperatures
below 1100 °C. One (or more) of the phases may be
binary at high temperature and ternary at low
temperature or it may be binary within the whole
temperature region. In the latter case the formation
of the phase is facilitated by crystallization from
the copper melt.

The ternary compound TiCu,P crystallizes in the
space group [4,/amd. Its crystal structure can be
described as a superstructure of a tetragonally
deformed f.c.c. structure (Strukturbericht A1) with
the ¢ axis eight times larger than that of the sub-
cell. The structure belongs to the TiAl, family.'® A
structure determination of TiCu,P is currently
being undertaken by the present authors.
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