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I. INTROPTUTT 4

1. As an internationsl commodity sad & conitiv.tiicn naterial | avallae
ble from both agricultural and petiochcmical sources, rubber 1s unique
a3 8 commercial category of materiels, bsnsidon bolng & technologloally
unique family as well. Its growth end technology arc clossly intere
tvined with the growth and technolopy of motor transport, and the
reverse is equally true. Soclety's notorized zobility 12 growing
faster than its overall astandard of living, so that worldwide rutber
usage is asaurad of brisk growvh for years to coms. Greater tech-
nological compiexity in both tire and syinthetic rubber mepnufacture is
increasing the number of options even fauter,

2. Ageinat thias buckground, decisiocs on vhal type of zubber capscie
ty in vhich to invost during the next decade will, if anything 6 be
more difficult than inm the past, fmasmuch ar:

a. The diversity of major tire catogories. ua weil as the ways in

vhich various rubbers are used in them, is increcasing rather than
decreasing;

b, Major improvements in natural rvbber geowing tochnolbgy portend
appreciably lowur coste at the plantation:

2o The oxplosive growth in polymer resesrch iu the laat 15 yoars iu
resulting in 2 greater number of general purposs synthaetic rubbers
being put into production,

d. Greatly intensified resecrch onr lower ~28% monocmer processes by
wutroleum 2nd chemicsl companies 1s making tho newer rubbers mors com-
rexcially competitive;

o A8 a rofult of thesv expanded R & D urro:tw om both monomers and
Polymers, synthotic rubber planta rr> proliferating throughout the
vorld, uad a0 are the types of ruboar made theraing

Jo Trade resirlotions designed to »rotest loceal lnveatments, both

:n cheniou..d 2nd chenical end products, seem o ba gruuingluoro common.

3. Agalnst this background of great flux lu both tachnological and
commersial rastors, we plan to look &t receni snd current trends in
rubber usago patterns; to relate these to structural features, per-
formance, and cost characteristics of various rubbers; to examine the
r0le of curseat and nesrsfuture shifts in tire technology on rubber
i58ge} aud %o look briefly at possible future rubbers and tholr po-
tential role in tha overall picture.

11, _CURRENT USAGE AND INTRRDEPENDENCE OF KUBBERS

4. As the never synthe%ic rubbers have exorged in the last dscade
end been adopted into tires, the usage tochnology has ususlly been
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characterized b:; theip being used 1. blenda with n-tural rubber.

5 genorally been found 13 thet sucn blends outperformed eompound
based priaaxily on one rubber - that is, taking into account proo
ing, the tire building sten3, and performance on the car, Thus, a
symbiotic relationship has evsived wherein the advantages of the v
ous synthoetics complament those of natural, and vice versa. Natur
Tubber and the new stereo synthetios have besome mors mutually bene
ficisl to each othep than was being predleted when tne new aynthe t!
vere just emerazing from the laboratory in the late 50%'a.

5. Prior tc 1940, natural rubber was, of course, the scle elastome
in tires. After \he war, the combination of vastly increased overs
demand and the fortunate appearance of t e war-born 38R decreascd

natural rubberts share in the U.S, to by 1950 and to 35% by 19¢
See Figures 1 anq 2. Following the early sixties, when the stereo
synthetics cano into production, the pattern evolved to a present ¢
all use in tiros of about 50% 3BR, 25% natural rubbor, 207 stereos,

tnd 54 other types. On & total tonnage basis, however, all categor
have {ncrsased in the laat decade.

Le The expansion of rubber usage becomes far more dramatioc when th
uorldwide figuves are oonsidered. Here we 8es natural rubber usage
climbing nearly 50% in the last decade. A oontinuation of thia tpe
would place 1980 usage near S5 million long tons.

e Demand for rubbers of all types will continue to remain so stro
thet no singlo eiastomer can take a dominant position in the immedi.
Muture, This situation supports even further the likelihood that e
pounds used within Specifioc tires will tend to b2 basod even more o
blends, so that oompounders will be able to shift compositions ouﬂ

without performance lupa 83 rubber priess and short torm avallabil
Fluctuate.

B« Since tires themselves will continue as the major outlet for
rubber, the inoreasing wobility of sootlety will account for most of
“he projected rubbep growth. The qualities that are blonded into
voday's tires are illustrated in Table I,

TABLE I

IIRE POLYMER COMPARISON#
—-—-M

POLYISOPR FNE
(Natural rubbepy

or synthetic PI) SBR Cis PBD EPY

Treadwear 100 s 150 115
Resilience 100 75 9% 85
Heat Durability 100 150 150 150+
Cold Floxibili"cy 10C 90 120 100
Weather Resistanca 100 115 100 150

# When teated s only rubber in the compound.
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9. Om ths hasis of . 19¢C rating o» natural rubber or synthetio
volyisopreno, the physicel properties of synthetics migzht be
rated about uc showra ahove,

10+ Onae compomadod &nd cured, differences batween synthetic and
natural psiylsoprone are marginal. Principal differances are in raw
20lymeér handlinz, and the WO polymers - go alike in chemical and
rhysical rooporc’ g «- compete primarily on the basis of the all-in
costs of & finished tire. 'The green strongth adventege of natursl
rubber continues as &y important factor in fabrication of many tire
categories, and dloetates use of a aignifiocant fraction of natural
rudter in the carcasses of sucu tires,

2ls The cther rubbers show same differences fram the polyisoprenes.
SBR 1s recornized for improved treadwesr and aging stability {t
[parts, but its uge {= limited to smaller tires where its relatively
~ow resiliencs will not cause overheating.

12, Polybutadione, of Jourse, outperforms SBR as a tread rubber, and
i%8 high resflisnes and Superior aging make it an important oarcass
somponent a3 well, Its primary limitation, low tensile ang low
waction on wot road:, restricts {ts use to relatively moderate
“onter:ts in biends -~ loss than 50%.

»3e EPDM in geat ouistanding for weather and age resistance. Its
orobtlems sre proceasnbility and compatibility =~ that is, limitations
n row much cun be used in blends with the much more highly unsatue
rated diene rutbers tecause of tre great differonses in oure systems
wed, Weverthcioss TPDM has found a place In sidewall blends to
lmprove weatherability.,

Mi. Thus, we geo that with each of these rubbers == as well as with
20veral othere under development for tires «- thepe are specifio
3trengllia end waaknosses that the tire manufacturer can balance in
order to roalige the optimum potential of each tire camponent. In
the blend, each Somponent rubber offsets certain weaknesscs of its
purwers, and in tuwn, {ts walknessee are covered by them. Tadle 71
illustrates in broad terms the blending practices nf the U.S. tire
induatry for the principal parts of a tire,
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TABLF I]
TIRE CGii. ONENTS

(Approximate U.S3., Industry Averages)

Carcaad Treoed Linsr Sidewgll
Polyisoprone 50 40
3BR 25
OE«SBR ”.'}:
dot SER 80
PBD 25 25
Chlorotutyl 63
EPD¥ 20

15. The carouss rubber, in a soruosite with cordn, provides the
tirets zinews. 1t must adhere well Lo sords, musy not overheat on
severe 'loxing, and must retain itz properties under prolonged ex-
posure to elovated temperatures,

16. Current pructioce oallas oa natural ribber or synthetic poly-
fsoprsns (or bullding teack and overall rrosessing, end for resili-
ence and lLict strongth in the finished (ire, STK improves aging
characterist’lcs, while cisepolyoutadicne oommbinus key advantages of
both of thesr -- resilierce, good ariny

17« The tread rubler must provide uraciion, tbrasion resistance, and
ereck resistunce., For this, the sumpoundsr emrloye a higher blaok
level and high molecnlar weizht SBR diiuted with petroleum oils to
make it processible. But a key lipgredient for the paat ten or so
Years i3 cla-polybutadiene for in..sascd abrasicn resistance. Come
pounds have heen trisd with up to 50 percent PBI), but such ads do
no: have scoceptadble traction on wet roads. A lcvel nsar 258 repre-
soents the best balance bLetween the inoreased truvadwesr and deoreased
wot traction.,

13. The liner materlal in tubeleas tires hcs severn requirements, |
having to provent air diffusion, not anly when new, but after years |
of exposure to hot alr under two atmospheres of pressure. A normal
blend for this usage would be 607 chlarotutyl and 40% polyisoprene,
although there are wide variutions in usage--all the way to SBR/
polylsoprene,/roclalin blends.

19. The tire sidswall also haa sovere aging and cut resistansce Tre=~
quirements. It must resist ozone, szlts, and oils under conditions

of severe flexing and elevatod temperatures and retain protection for
the carcass and gnod eppearance. Ta black tires, this isac iished
with heavy doses of antiozonants and waxes in SER, with or without some
polylsoprene and reclalm. Por white or cclored aidewalls, however,
EPDM and waxss provide the protectiou. Hot SBR, with its g00d over-
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all aging . adhesion, and scutf roai.tanco, s the main component.

20. Thus the whole tire hae evolved into a highly complex assemblage
of scveral types of rubdbers, each carefully selected to perform ity
funetior on the "team”, 80 that the vhole complex may have the
balsnce or preperties best suited for the tire's overall performance,

III, RILATION OP SOME STRUCTURAL FEATURES T0 PER PORMANCE

21, Lvery performance feature of & rubber -. processibility, ease of
rabricntion, durability ¢ imparts to the finished article =- can
ultimately be traced back to the various structural parameters of the
molecule 1 tselr taken in sum. It 1s very difricult indeed to 1s0late
the role of 1pdfv¥%unz lgruciurnl Parameters in determining their
3pecific contributlon to performance, desirable though this nay bde
from the standpoint of doligning Rev sjynthetie rubbers, Fortunately,
tae proportiopn of sclence to art 1s on the increase in this area, and

cartalipn generslly accepted Principles of molecular archi-ecture have
amnerged over tlre Jears. Some of the Principal ones are enumerated in

Table I11.
TABLE III

Moleculap Struecture Pa
tructural jesture Preferred Range
TR Preferably belcw +50°C
“n Betveen 4" 000- 300, 000
Tal conten- (rusticated) Less than 204 preferably

below 5%

Rutio Mw/Mu 2 to §
ilvadivess tn crystallizow Moderate
“ontent of higaiy polap groups Below 5 mol £

“roporsion of nom-shaip alkyl groups Preferably less than 4of

* On eoolilng or on elongation,

224 The foregoing generalizations are based on performance ReANuUre-
lonts tater on ubbers having known molecular strustures, wvhere such
cubbers were svalueted as the only rubber, Aetual practice in tipre

‘echnology -- ag Pointed out in the preceding seetion -- hss been tc
2evelop compounds based on dlends that oxploit the advantages of the
-rdividual €omponent rudbbers to achieve overall perforznance superior
~0 that achievidls with only one rubdder predominant. Thus, we fird
Piending practices developing along the lines of ™adble 1v,
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TABLE IV
Strueture} Algfctl of Differinz Rubbers
ombined in Slends
Structural Feature To Achieve
High and lov Tg rudbers Better trastion, while retalaing
adequate low temapsrature
performance
Readily crystaliiss rubbers Oreen strength duricg fadbrisation;
with slow erystall sing or hot tensile and tear in cured
AmOorphous rubbers products

Low Mn with high Na rubbers Easier prosesaing
Lov Mv/Mn ratio rubders with Better dynamic properties
high Mv/“n ratie rubders

2). Te fanily of Polyisoprene rubbers itself offers a good 1llus-
sratlon of Lov certain of these findings ecan be applied:

Microstructure
R 1.7
Treas and Tg Cryst'a
"ol ymer 22 LA LA LU (5C) Teadeney Used to mparte
¥2tural rubbar Pigkh 98 2 =72 Righ Green atrength
hot tenasile,
and hot tear,
dyathetic poly~ High 97 . 3 -27 Moder - Hct tonaile and
‘soprene {Al/ ately bot tear.
™4 type) bhigh
dynchetic poly- Very 90 3 7 -70 Low Dynamie proper-
isoprene (. high ties (however,
cype deficient in
green stre )
hot temails
end tear),
Yulata (anad Hodium . 98 2 =72 Very Green strength,
aynthetic high vhea used in
oqui valents) small smounts.
lUgh 3,4 poly Medi- (Under (Over >.37 M1 Treaetioa.
l1soprene um 50) 50)

¢ Ja blends 1ir. whien aon-polyisoprene rubbers are alse used.
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2i. Thus, even within ope "home logous” categor,-, the »ange of
physical and chemiecal preperty - v -ty 3. Tl 18 reflectsd
in the range of individusl prorerties thai are 6xplolited to warraant
the use o2 an indi{ ridual spesiea: easo o crystallization for
natural rubcer and the trans Poliyivoprenes; high in {n the case of
aynthetio polylsoprene made with lithium catolyat; and kigh Tg 1n
the cace of the bigh 3,4 polylsoprencs,

25, e oun 86e, then, that the worlg usace pattern which has evolved
derives froer . conbination of so-celicd "praimatia® factors — prices
and individuai nationsl policies, including protective subgidies e=
and techianlosical factors. The teohnological factors are related to
molesular structure {and associ ated performence) of the individual
rbbdbera, Fach Category of factors -- the "nragratie" and techno-
logical -~ wil) continue playing a mejor role in datermining the
overall usa:e patterr for the foreseeable fMture. Both cutegories
have so many imponderabie b8pects as to dafy logical approaches to
forecasting, but let us novertheleas sxsmine certain areas where
reasonably prodictable dsvelorments shoyld Play a major role in both
the shorter range (pre-1380) and loncar range (post-1980) future,

IVe NEW DEVELOPMZINTS AFFECTING T™HF 70'S

26. The tempo of technologZcal ohange is quickening in both the
preparation of new rubbep and in tire nenufacture, and 1t ig there..
fore appropriate to exanine thoge changes doeried likeoliest to be
manifeat within the next few yoars:

A. The tirs "myxn: In passonger sars two concurrent trends are
having quite oront effects o1 tire usage. (n the one hand,
larger, heaviop tires are deing st nrta the o size end stendard
8ize caras in tne 5.3, {1500 kg end larger), due to the more stringent
sufety roquirements end the greater performance levels demanded by
the customer. on he other, the Surglag popularity of ming oars,
occurring at ;:he éxpense of heavier 0ars, has meant that the avor%go
tire size hap actually decreased. Thus, there is energing a ater
Spread in tire rubber usage pattern between the larger and lll.g:r
passenger tires, with the latter denanding leas of the high resi-

Uence and hizh abrasion resistant rubbers to meot customer require-
Mn”o

B. ng _tire construoti ! Two major improvements in tire
sonstruction over s ias tire are being reflected in
rubber usage:

The radiel tire, long ostablished in Western Furope, is making a bid
to become a signifisant factor in North america and elsewhere, despite
its high fabrication coat. Estimates vary as to its ultimate level
of usage; Coatetowmanufacture is 1likely to be 'the determining factor,
41despread effarts to lower this cost <= and espeainlly to automate
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Someé phases of manufacture -« ars going on worldwide. ‘The role of
the rubber compound, especially green strength and shape holding
ability prior to cure, plays a relatively greatsr role in fabri-
cation of the radial tire than it does in other types. This is one
reason vhy sonswhat higher levelr of natural rubber are required in
radial tires, :nd will help support demand for natursl rubber world-
vide a8 long &z none of the synthetics yet quite equal natural in
this vits]l fabrication characteristic. Once lov cost synthetics are
developed that equal or exceed natural rubber in green strength, and
particularly if they outperform natural in other respects, natural
rubberfs rcle ln rsdial tires vill be less essenticl technological -
1y; and 1ts vaage will then be determined by whether its price 1is
lower than the new synthetic. It goes without saying that thers is
conslderable rsgearch and development effort on low cost synthetics
vith high grean strength by the large rubber companies,

Tho biaz velted tire =- vherein a steel, fabric, or fiber glass
bolt 1a appli«i to ¢ low aspect ratio, standard bias ply carcass -~
coasiderably lower in cost to manufacture than the radial ply
tire, and performance is intermediate between the stendard bias ply
and the radial tire, Its caze of fabrication is much less criti-
cally depondent on green strength of the uncured components, and
therefore the rubber compound options are much wider. Compuriscns
of the three types is shown in Table vI.

lexformance of Several Tire Constructicns

(Folyester carcass in a1} tires)

sonstructicn Bioa Bias belted Radial
Tspe of belt Fiberglaas Rayon
Treadwear retcirn 100 140 200
High spoed (moi ' 110 115 120
Wot skid rating 100 110 112
Rlde (low apen.) rating 100 98 96
Relative fuel . unsumption 100 99 104

The rel:: ve penetration of dhe radial tire and tae bias belted
tirs into »aci othor's domain by, say, 1975, will be difficult to
forecast, being dependent ‘D & complex Y&y upon labor costs, rubber
prices, ani trends in automotive development. Just what this balance
turns out to be will ba un part related to progress in tire tech-
tology im winirizing dependence on an sppreciablt content of natural
rubdber as &n a:d in fabrication; and in part toc progreas in develop-

iog new synthe:ics of high gresn strength; and on econumic factors,

C. Sefety r-quirementa, Government involvement in tosting and




setting performance standards for tireg -- eflready well along in
the U.3. und expected in due course to become a ma jor factor
worldwide -- is beginning to affect the thoice of rubtbers used in
tread compounds, and will ultimately play a major role, This will
in large part be because traction and treadvear requirements are
likely to become o subject of government regulation in the not-too-
distant futurc. Called "traction radbbers,” auch polymers are
characterizod hy relatively high brittle temperatures and high
nysteresis losses. Examples are: emulsion SBR having much higher
styrene conten:s then the usual 16 to 23£; and high 1,2 conteat
solution polybutadiene. Because of their high brittle tempsratures,
poor dynamic churactoriat1059 and lov treadwear ratings, such
rubbers are ussd only in moderste amounts in blenda along with
major amounts of high treadwear, high resilience rubbers, Usage at
present is amnil worldwide, but wil} inevitably {ncrease once the
government regulstion of traction and treadwear becomes a factor in
overall perforuance,

B. Rubber Prices: While price trends for most products invol ved
in international commerce have been upward in the last decads,
rubbsr prices have, in general, K tsnded downward. We believe that
== oXxcept for occasional short-term upward surges «- this downward
trend might well continue for the 70s, even in the face of rapidly
rising production. Factors contributing to this belief are!

A Lower wononer prices, reasulting from (a) Incroasing availadility
of by Efoduct of olefiny = dol3torioul to the petrochemical strecss
froa which they are rosoved; (b) competition between monomers - -
espscially between well established monomers and thoae trying to
?ain & foothold in the elastomer merkst, asuch as propylene oxide;
¢) incressed R & D programs By pc troleum and chemical companies to
tchieve lov price monomers (unde: 104/1b).

L. Lower plantedon costs. The combined effects of iniroduci
Sthrel, the new latex flow-atimulant, and greater mechanization
on the plantation &ugur for lower natural rubber production costo,
even though labor rates and freight costs are rising.

n. Regional overcapacity from too many synthetic plants. The
sprouting of new tire plants in developing countries tends to be
followed by u desire to have one's own syathetic rubber plant.
Since polyuer plants have to be quite large in order to be com-
potitive, the dccompanying excess capacity is e virtual guarantor
of low ovsrell prices ~- regardless of whet category of rubber has
the excess capacity.

27¢  Taken together, the foregoing considerations render the process
of deciding on new rubber cspacity -- type, vhen, where, and how
BUch -~ a very difficult one indeed, far more 30 then, say, 10 or
15 years ago, This ia especially the case when viewed fror the
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standpoint ¢f organizations invol.ved only in producing rubbere-
1e6¢ who do not, 1llke the tizo comp - .08, LCo 60asud it. The
tumbling prices of many petrochemionl preducsts on the world mare
kst--especially viestics--further contribute Lo caution on the
part of potential invectors in neiw capac..y. Finally, there is
the additional shadow cast by the proapect of really major tech-
uologicel changss coming out of atill-undisclosed rescarsh pPro=-
Jjects that may cbsolesce--slowly, but inevitably--a significant
proportion of the rubbers now being produced.

8. Let us looi into those possibilities,

*» A_LOOK AT THE LONGER RANCE FUTURE

3. What developments in the longer term have both s reasonables
yrrespect of boing cummerciunligzod if a&dopted, and the likelihood
of affecting the rubber usage pattern in s very substantial way?

50 One might first reise that always-asized question: Could

“nere arise a now aynshetic rubter which would ¢hallenge the well
¢stablishe’ runhers--sven though netural and the current nynthetiocs
ure looked upcn as sosrving quite adequatoly at presentt Por,
c.espite "adequats" service from present rubbers, there still
reanaing much room for improvement in seversl key areas of per-
rsruance

2. Por example, ig there g realistic prospect of a new aynthetio
that might hare ol s-pelylsoprene’s strengtn, tack, and res{lience
propertiss but x2iso have both superinsr aging and abrasion reai stance,
o that it oould do the job ncw beln;; dono by the blendsof

rubbers now comonly used try. whoak (Ues, tnd perhapd find a niche?

32, A current cxample being ralsed of thia Powaibllity 1s the
s*ecent anncuncement concerning polj;pauten:ger by a Bayer aub-
sildliary Stereck:utschukwerke, GmuLH - By 1973 they will have on
stream a 50,000 metric ton per year plant for this rubbep. Poly~
pentenamor could become a slassia oxample of & longesought new
eynthetic rubber which posjessos three dosirable traits for a
rubber to & hig: degroet its high abrasion resistance gives polye
peatenamer good potentisl for troadwear; {ts high green strongth
wculd be 4 major factor in tire carcass fubrication (particul arly
radial tires), and 1ts monomer cost sheould raike the rubber come
petitive with polyoutadiene and polyisoprene. Morsover, it is
reperted to age at least as well as SBR, perhaps better.
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33+ Another exurple is OPR-~oxypropylens rubhore-a nonhydrocarbon
rubber which haa flirted with the specialty rubber field, and
whose more recent monomer priocs reductions {to well below 10¢/1b)
and good all-sround properties-=-particularly flex life--could
brinz it into contention as a tire rubber., There has been progroeas
in overcoming its permanent set problems.

33. Whils such new synthetic rubbers would initially influence
the natural rubber-synthetic rubber usage ratio primarily in
proportion to the ease of their being bleonded with naturel rubber
and present synthetica for optimum utility, this compatidility
aspect would not nocessarily be the case for the longer term
pioture, if hiph performance tires based on on> or the other of
thass as the rrimary rubber were developed.

25« In the area of tire technology, thers iz cousiderable room
for 1lmproving longevity of present types of tires, (therefore
wsing substantially lesa rubber per venicle mile.s By extending
teshnology alrendy well imown, longer wearing tires might well be
developed that would not require substantial snanges in the
Tudbers vsed, e.z. froms

2« Tire design. Just as the radial and bias~belted tire have,

in a relatively short time, produced very sizable performance
increments over osrdinary bias tires at substantial {though
aceptable) promiums to the consumer, so might we look for further
pa>formance improvements and/or lowering of fabrication cost in the
n34t soveral yercs from both these approaches.

9. Tire fabricction techniques. HModifications of present fabrie
cation processes are under constant development, and oce area
slvays attracting the tire technologist 1s to achileve the capa-
ELillty of prosce3sing and molding rubbers at much higher molecular
waights (Mooneys) than oan be handled at presoat. Treadwear
Lmprovements of 20-30% are known to bs achievable~-an offect
wiioh would be ecquivalent to the earlier introduction of cis=
pol.ybutadiense,

36+ Major programs in both these areas are geings on end are
cortain to produce inevitable, though unpradSotahble, effects on
tho amount of rubber needed rfor tires and on the use pattern of
the various types.

37« Turning tc nore revolutionary possibilitiss, can ws foresee
rubbers processible in liquid or senmi-1iquid form that might pere
mis totally auzomated plants? The gain in quality control and
savings in labcr ocosts could well peralt paying a premivm for the
base polymer. Y“hat 1s more, none of the symthetios produced today
would appear to have a significant role in this development.
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38. Buch a dramatic change in molecular architecture of the

sured natwork moat likely will require a rubber quite different

from those we have discussed so far, one designed apoolﬂonlii' |
for use in the new process. One U.S. manufacturer has recen
aocelerated the ever-present latent interest in this area by &

series of announcements and publications on the results of its

program to mold cordless tires fram liquid rubbers. If such &
revolutionary technology were to become successful, it would usher

in a demaad for & whole series of new rubbers to match up with

the demands placed on various types of tires,

39. Summing up, then, we are looking at a current rubber usage
pattern that is considerably more complex tlian ¥t was

five yoers ago, and seems likely to become appreciably more ocomplex
five and ten y2ars hence. Though the unquestioned stronger
will assure even wider marketa fo~ rubber, the question of oh
»ubbers to plsce the greatest emphasis on for new investment 1is
zetting more and more complicated, because of ever-more=-rapid
shifts in tire manufacturing teshnology, in polymer technology,
and in pricing practices. Taken longer range, prices are deing
pushed lower, and investment planning based on expectations of
aigher prices in the future would seem to be quite {mprudent,
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