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_sise analyers and B.V.T. surfoce arca meassroments wore obtained through the
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Med\amam of [onmlton of [oraterile and enstatite
Jrom serpentine
Br O. W, Baiworey, MSc., Ph.D, and Rrozo Haraxt, X.8.

Matoriala Research Laboratory, The Pennsylvania State University,
Univensity Pack, Penasylvanis, U.3.A,

A (Rand 14 Jonvary 1985)

Sommery, Yorsterlte frimed from sorpaniine povders el verious rmperateres
cphm“(.‘h-!-n mmlul!nlytyx-ny d'fnethu. The reve/ts
idered la refatica to0 a d by Baft and Taylor
ndmlbnhhw'ﬂi&m'holﬁh-‘ehnh An sMernative
wechanises ls propossd by shich o o paarly &1 the Mg lons ogether oRY some of
the 8 ne literated la the reaction soase vhers water fo formed migrate inte
raglons vhere brsterite b formed. Thie mechanion b In chosor acoord #ith the
oxporimental renits. The retarded devel of e wall
-bnWCm-odhde!hntmdthmlbnlvaKh
formed, nasmely & reaction Setwesn forvterits end silice.

E dehydration and subsequent recrystallization of serpentine
mub. both platy and Abrows fcmm. have been the sebfect of

tigations.! The pmmynl recrystallimtion product,
ically, e, with wall-defined crystallo-
‘npb-o oneuhhon- nth respect to the psrent cryetal structure,
Considerable interest bas been taken in poesible mechaniams by which
these topotazial relations are developed. Brindley end Zusemman (1937)
studied a platy form of serpentine, lisardite, and interpreted their data
in terms of a homop reorgapizstion of eations within o largely
oconstant oxygen framework, with en expulsion of &i jons in excess of
requirements for the formation of forsterite,

Moce recently, Ba't and Taylor (1961, 1963), Taylor (1962), and inde-
peadeat!y Brindley (1981, 1963) have suggested that more sstisfectory
explanations for this and for other topotactic reactions in hrdroxides,
silicates, and other materials can be given in terms of Adtrrogeweons
ratber than Aomopencows processes, Reactions initiated at favoradle
sites such as external surfaces, dislocations, &e., are maintained by
appropriate diffusions of cations up toam! away from the reaction front.
Dehydroxylation of & miners! auch as serpentine may proceet by
migration of H* ions to a reaction site where water is formed! and!

..-A-.-n...

* Balt and Taglor (1963} give referrncrs 1o eartier wurk,

L P

SCF-FA-5602




\P\“ ’ ’\QL.A"\J R .,,, :‘/;‘: .

L}

B R L T
.

e

.

O»gd 00CYH

(HOd A4 AIINQOYq

rﬂ,

‘“-“F:&;-ub-q.qh"' ;

ton 0. ¥, PRAINNLRY AND R, RAYAWT np

Tihermbod, with n convene aigradion of wther rubiom, Mg’ am! K% 4,
intain clrctricn! nestrali

Ball and Taylor (1963) !nva given s dotailed deseription of the betero-
geneous proceases by which the dehydroxylation and recryatallization
of seepentine (both chrynotile and platy forms) may take place. They
cousidered the formation of formterits and also, at bigher temperatures,
of snstatite, and, snder dydrothermal conditions, of tale.

Altbough the cryataliographic relations provide steong pointecs of
Dow thess ‘ordersd’ reactions may eccar, they searcely give quantita.
tive fnformation. Bince the reactions probably cccur on & fine ecale,
pomibly within domaing of the order of 104 eny in size, it is not easy to
obtain any direct information on the fonie (mainly eationic] migratioes
by which | they arv considered o take place. The preseat writers hn
lwgbt Tarther information by making quantitatie on
the development of forsterite end, as will be shown bere, the resulte

suggest o somewhat different sequonce of events then thoss postolated .

by Ball and Taylor.
Ezperimental i
A mamire serpentine from Quebeo Province, of fine grain site and pale
baff colour, was weed. No minera! impuritios were detected by X-roy
diffractivn. The minere! sppeers to' be s fayersd structure with con-
siderable stacking disorder, Powders with particle sizes io the range
< 60, > 100-trash scroen sie wers heated in air in ted form

on a thermobatance at 570" C for periods of about 20 dourw. Zrom the .

lows of weight compared with the maximam 'ose at Yigher temperatores,
it was determined that the mineral was about 90 % dehydroxylated
by this trestment. X-rey diffeaction date showed no residual reflections
from ted oetp and no detectable fonterite. Subsequent
heoat-treatments were carried out in ait in tempersture-conteolted far-
naces &t tamperatuces ranging from 430° to 800" C for perioda up to

3.
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TRAVAPORMATINNG OF FRRPANTINR LL]]

amoont of fonderite develoged & alumt 7 %, of the wright of the fulty
anbydrous matecis! an ie obisines! after Nesting at NAS L for periols
of 30 hour or longee. The internal standard, bochmits, was calibrated
with'respect 2o 8 nearly pure, well-erystallised, ‘fusedcast' forsterite,
The latter contained jut dotectabk ts of Mg O and elinnenstatite,

" eatimated at ) to 7 % total impurity. Determinationa made without

aBovance for these impuritios may be over-estimated by a fev pereont,
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Pio. 1. Welight purcont of forsterte formed from powdered wrponting i perieds oy
0 100 doure when fisated bothermally ot tomporatures shows o °C.

o that the value of 80 %, forsterits may teed to be reduced to about
5078 %,

It was obeerved thet the refiections from the forsterite derived from
sorpentins were brosdened with respect to those from the high-tempera.
hn-pmdneedtorﬂtnh. The brosdeaing wes npproximately the same
ve of the time (1 to 94 hours) or temperatare (&Obm(‘)

100 Boors. A few experiments were carried out st higher temp o

up 2o 1400° C to sturly the formation of enstatits,
Forsterits was determines! quantitatively by integrated X.ray dif-
fuehon messtrements uving 'mhvmh s an internal atandard. Poue
t reflections and two bochmite reflections were messured with

& scanning speed of §* 2/min.
The results are ahown in fig. | whero the amaunt of fomterite formed

i» axpremer) ar s percentage of the weight of the final red materind, o,
88 & percentage of completely anhydroun material. The maximum

othe Sest-treatment. It this brosdening i atteributed to small crystal
sis, and if & ootrection for instremental Sroadening is based on the
rvflactions from the high-temperature-produced foestecite, then o talue
of the arder of 4 X 10~ ctn s obtained for the cryetal size of the forsterite
obtained from eerpentine.! It the broadening arises partly fom lttice

" ¥ The corraction san Cor lastruaventa! broadening tor
Q.- - q,,_‘._.l»ﬁ_w
The eryeta? sice & culewluated fost We Schorver fivmule: f o N8 ot ame ™.
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dintesetion, the rryatalaine birvmebening will b nwn-'--u?iug"v | o |
the entimutes! cryntal sz wift fo furger. At prwent, § 210 © rm oot
be taken ws & Juwer fimit to the crystal sice, However, the fact that
thers is no noticeable diminution of the broadening within the time-
temperature limits of the experiments suggests that the distortional
cootridution to the broadening may be ernall eo that the crystal size
may indeed be assmallag 10-*cm. This result implies that the difusion
processes that occur in thess topotactic reactions take place over qaite
short distances and this s compatible with the relative!y low tempers.
tures at vhich the reactions p: d to az compared with the
higher temperatures roquired when forsterits i formed from mixed
powders of Blg0 and 8i0,.

Discuseion
Chemical eqvetions for formation of foreterite. From the MgO-8i0,

equilibrium diagram, forsterite and enstatite would be expected ss
reaction products from the recrystallization of dehydroxylated serpen-

tine, The equation can be written:

(IMg0.2i0,) — (2Mg0.8i0,) + (Mg 80,
serpentine forsterite santatite
snhydride 583% Ty,

The intimate mizing of the *oxides* in the serpentine alter debydroxyls.
tion would be expected to favour the attainment of equilibrium and any
residusl ‘water’ might assist the resction since water often provides s
catalytic effect. The non-sppearance of orystalline enstatite until
higher temperatures (> 1000° C) are resched raises doubts s to the
validity of this equation, but it is not lusive evidence b [ 4
enstatite is glow in crystallising an amorphous phase of enstatits com-

position may be formed,

The fact that the smount of forsterite found experimentally, 78 to
80 %, is much greater than the t predicted by this equst
fndicates that the resction is probably not proceeding directly toward

“the vitimate equitibrivm,

A second equation can be writtcn on the aupposition that afl the MgO
in the serpentine componition goce into forsterite, leaving & residue of
amorpdous silica:

(M0 .5510,) = 1-5(2Mg0 . K0, + 0-HS0y
forsterite silica
818 %, 125%

3
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TRANSTORNATION® OF SERPENTINE 193
Thin roquation givee the maxi t of formtarite, X7-8 %, which
 not greatly in excem of the measered amount. That the ohesrved
amount, shout 73 to 0%, is somewhat leas is not surprising since o
small proportion of g0 might well be retained in the amorphous silica
phase. What seems most important is that the messurements point
mueh more strongly towards the meood equation than towarrls the Rret.
The criticiam of Ball and Tayler (1963, p. 474) that ia previows work
sifics we fntroduced ‘merely to balance the chemical aquations® was o
valid criticiarn, but the preseat tesults ssem sow to provide at least &
partial jutification. .

Considerstion of the ink A propovel by Ball and
fo,(w (7983)

They mdend that the dedydrozylation and recrystaltifration of
smrpentine in air may procesd in four stages as follows:

Dehydresylotion: Proloos migrate to reaction tooss whers witer
woleculs are liderated. Mg and 8i iome counter-migrats kesping the
Mg:8i ratio more or less unchanged at 3:3, while the oxygen {framework

ins largely uochanged. This mesns that after the lose of weter
from regions that become pores, the g orygens dat
all the Mg and 8i ions. The anhydride product is & partly disordered
material giving 10 essentially ‘smorpbous’ X.ray powder diagram.

Cation receyanization. A partis! separstion into Mg-rich and Si-rich
regions begina, vrbek requires Mg and 8i ions now to move in opposite
direotions,

Forsterite ayalnﬂnd-u. An ordeting of cations and & change in
oxygenion packiog ta the Mg-rick regions leads to formation of forsterite,

Enstatite formation. The 8i-rich regions changs to enstatite but this
stage occurs less readily than the others for reasons that are not at ol

dear,

The present ezperiments confirm the Seet stage, namely debydroxy-
lation end forrmation of an *X-ray amorphbous’ phase. The degres of
disorder in this phase must not be oremxlgg!nted since topotaxial
telations between serpentine and forsterit st of some
degroe of order. It has been shown that as mrphﬂmtm proceeds,
forstorite (but no enstatite) appears in fine-geained form, ineressing in
emount with time and temperaturs until about 75 to 20 %, of the prodtuct
e foraterite, which requircs that practically all the Mgl) of the serpen-
tioe eomposition goes to form forsterite, This docs not support the
®cond sod thinl stages described by Ball and Taylor, in which Mg-rich

.4 .
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!"n ’ . ‘} fortreits, and In thae anrrrapotuling volumes, wanwly RY, awd o1,
RET H there am the follawing nembem of inan: K7, conts™he 48 Mg, 33 &I,
Tt v 164 0, 84 H; I, containe T3 Mg, 3 5, 144 0. Thas the orensll cation
i B PULRO e £ ¢ ¥4HA 0N razchange® ia: 3¢ Mg+ 4 B2 64 H, 0r§ Mg41Rizt IS .
:':f:;€ Bersentine | 5 Sergenting | Ou this view, the ‘donoe’ mgions whers water molecules e formed
;l:;::l . doasts (8 Mg+ 1 8} to the ‘scorptor’ regions in exchange for 16 protons.
. f,::‘,-; . 7w, 9,054 zw.s'.o.mi 4M5, L0040  2M0:SLO, | A highly disordersd siteatien arims in which the ‘donor” regions are
L :8;9111 e m i probably largely silioa and the ‘acceptor” regions bave a composition
N i X Ratidine approximating to thet of feesbueite, With beat.treatment the ‘ecceptor’
7 ;td ‘! 9 J,8L0, 194,00 3 ragions beoome orgaaised n wmal domaios of forsterits, which socom-
z ':l“; % and pores 3 8i0 modate peactically all the Mg Jorw of the origina! serpestine. The
NS BT onhy foratonity {3t o]  domaina show little tondesey to enlarge their sits with the beat-trut-
3 sl 4« meots employsd.
b AN The difSenity of forming enetatite s seen s atising from the sature
: i Tug— of 13e reaction involved, namaly & resction betwesn s more-or-less stable
H win ) — - i .} forsterite and excess silics.
% T sco T The two tachanizme proposed are sst ot schematically ia fig. 2,
IR B @ . bt which sbows the quantitative relations involred and the epproximate
N e 3 tecperaturee at which resctions ocenr. The mechanisen propossd by
¢ the present writere takes into account the high proportion of the 30
7. ooutsut that sutery fato forsterite and offers s simsple sxplanation for
i ' i 1 the delayed appearsoce of enstatite,
. miﬁ""'"- 1 Siveo | datotalpreeate. Tio tomech waa subpocted by & grest Grom the Ntioas?
. 2 i . Beleuse Poundstion, 05799, W sue of m (0.17.5). The purticipation of Ryme
: K B . ‘ wxrﬂww.mb::h&z:rw
. [T Aguney apases Government and by leave of ab O
- 4 : % torite; (Engtotite - retotite 3, ladesirial Rasareh Inetitute, Ouka, Jopan, Assistance ves provided ales by the
v R &‘——JL—_‘I Wmdﬁo&h‘d!‘.&dmmmmm{n
i . =
; . Reforveces
< 1" - Toy! Srindley = Moyom!
‘ Recciion Scheme  Reochion Scheme f Bt 0. € Taron(FLF. W3 1 M Y., ok 22 0 L
P, 2. Comparion of resctlon schomss proposed by Ball sad Tazlor and by the i Bameay (0. W.), 1981, Jowrn. A, Soe. Japan, vol. 8, p. 217,
Prosat writers, | ~——1083, Progr. Cwam. el vel. 3, p. 3
® g . ——ond Zomuaw (1), 1957, Amer, Slin., vel. 42, p. 301,
2 1 aod Birich regione are developed giving rien rerpactively to forsterite | TATiow (7. W.), 1382, Cly M. B, vol. 8, p. 4.
o . ' and eustatite. | (Nonscript rrorived 77 June 1901} '
e : i Awn allarnatice form of the  domor-acreptor” mechoninm )
4 iy I8 hai boen edown previously (Brinley, 1961, 1943) that the topo- |
@ ; tactic relationahip hetwoen scrpentine and forterite leads to the coe-
clusion that eight onit celln of scepentine hecome nine wnit cells
’ )




