Aluniinium oxide

m‘:npm'tim .
Malccular formula AL,

Molar mass 191.96 g mol™

Appearance w'hitesolid .
. very hygroscopic -
\—{Odor . [Odorless . o ]
Density 3.95-4.1 g/en’ '_— |
Melting point 2072°clT )
Bailing point 2977 °c ¥

-~ (Selubility in water [Insoluble
A A - insoluble in diethy! ether
(/Solublhty practically insoluble in ethanol

T el T68 T T
Refractive index ne=1.7G0 - 1.763

(mo) _ _ [Birefringence 0.003

Structure - : .
\~Crystal structure ~ Trigonal, hR30, SpaceGroup = R-2c, No. 167
-\—~Coordination octahedsal

gcomerry

Aluminium oxide is the f'lmlly of inorganic compownds with the chemical formula Al Itis
an amphotcric oxide and is commonly referred to as ulumina, commdum as welj as - any other
[ 4

names, reflecting its widespread occurrence in nature and industry. Iis most significasi use is in
(3
the production of aluminium inctal, afthough 2is alsa used as an abrasive duc to its hardress .md

as a relractory maiesial duc to #s nigh melting point.

N ﬁxiﬂ occurrence Corundum is the most common naturally oceurring ervstalling form of>
N H
nl;1|11||1ltt|)1 oxide, Rubics and sapphires arc gem-quality forms of carundum, which owe their

| tic colors to frace impurities. Rubics arc given their characicristic deep red eolor and
N
. (‘}mlﬂlClc' " ualitics hy traces of chromumm, S: npp]nn S come in differan c'nlm\ siven by various
therr Inscr«( i

other impuritics, such ns iron nnd tilanivm.
Prepertics

L[ 4

n relatively high thermal conductivity {30 Win® K tor:

ide i its l;n\\duul form, /\lunmnum axide is an cleeteical insulator but has
Aluminum oxic Ceermie material,
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anddm ar aepluninivinox] o
sonwnlis cudting oaly, oo
o weathéring.”

; o .'.t--"."b" n.';'t'm' “'fi.l\,i'ullz\u|Iy'n\'cl_n'|“'i>,_,g G"l:").’sil‘illlli'im .'llin-’flvn,- uul_l‘u(l.c;n
T Jits hardness iakes i cuitable-for nsns an hrasiveands e ey
* ‘A‘}Iu{niv‘nium'_'o?;idf(: is ;‘cﬁbOIiS,i’b|§‘= .lbff.-l‘(:siélaixcc of .metallic aluminium t
' M.cl.u‘llic‘ aluminium is very Yeactive with nimospheric axygen, mnd o thin possivation
.l“YCT_ ol alumina (4 nm - ihickicss) Torms in" about 100 picoscconds on any exposed
alaminivin surface. This layer prolects’ the metal [rom further oxidation. The thickness . . -

o and properties of this oxide layer can be enhanced using a process-called anodising. - 5
- °A dumber of allays, such s nh_uninihhn bromzes, expluit’ this property by including n

. proportion of aluminivin in the alloy o enhance.corrosion resistance.

S'tr_.}xc.turb

*  The most common form of ¢rystalline alumina is known as corundun. _ :
¢+ The OX')'gq‘-n"ions nearly form a hexagonal closc-packed structurc with aluminium ionis
[1ling two-thirds of the octahcdral interstices, Fach A3+ cenler is octahedral In terms of -
. its erystailography, corundum adopls a trigonal Bravais lattice with o space group ofR-2c
(number 167in the International Tables) The primitive ccll contains fwo formula units of
" - aluhxiniuxﬁ oxide. Alumiha also exists in other phases, namely 1+, x-, Y-, o- and 8- R
aluminas. Each has a unique crystal. structure and properties. The so-called B-alumina -
proved to be NaAlL Oy, _— e L e :

Production ~Aluminium hydroxigde mirerls are the main component of bauxite, the principal-
. oreof alumiiiium. A mixiure of the mincrals ¢omprise bauxite ore, including gibbsite (AI(OH);), - .

“Tbochnite’ (y-AIO(ON)), and diaspore (a-AlO(OLL), along with- impuritics of. ifon -oxides I
~ “hvaroxides, quartz-and clay minerals., Banxiias arc found in laterites. ‘Bauxite is purified by the-

' B:‘ygl" process: © - ALOi4 315012 0“: —92 AIOWy g - e A
the oiher components of-bauxite do not dissolve in base, Upon- filiéring the -
remaved. When the Bayer liquor is cooled, Al{OI1); precipitates, Teaving
I'he solid is then cu!cincd'(hculcgl_ stongly)iv give aluminjum oxide 2

Excupl for SiO2,
-basic MR, FcaOy is
ihe silicates i solution.

< 5 AIOH) — Al 13150 et i s e o e

alunting tends to be multi-phase, i.¢., consisting of svsralipes f alumin wailicr

‘Ihe prowutt | ! ‘ - .
fum. The production process can therelore be optimized to produce @ tailored

“than solcly corunt
produel. e

il producgion of alumina Is approximaicly 45 million tonnes, over 9Y0% of which is
anufacturc of aluminium metal. The major uses of specialty aluminium oxides are

injes. and polighine and abrasive applications. an‘ﬂw

ating titania pigments. and as a f'u"c retardant/smoke suppressant.” ey

Annual worl
uscd in the 0~
inre paetoricy, cor

the manu ﬁ\'c_lg_zl'e, oﬁ zeolites, €0

\;Cyf\ppiicntions The greal majority of alumina’is consumed for-the production of aluminium.

" usunlly by the [al] progess.
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nd white, alumina 1s a favorcd

As a filler: - Being fairly chemically incnt, relmively nun-toxic, @
filler for plastics. Alumina is a# common ingredient in sunscreen. o usefil
As-a catalyst and catalyst support: - Alumina catalyses a variely ofrca(.:llons that are p

industrially. In its largest scale application, alumina is the catalyst i the Claus _prOCCSSl fg:

converting hydrogen sulfide wuste gases into elemental sulfur in refineries. Tt is also gsgznu ‘
for many industrial

dehydration of alcohols to alkenes. Alumina scrves as a calalyst support s
catalysts, such as thosc used in hydrodesulfuiizaiion and _some Zicgler-Natla polyracnzallons.
Zeolites are produced from alumina.

Gas purification and related absorption applications: -Alumina is widely used to remove
water from gas streams. Other major applications are helow. '

As an abrasive: - Aluminium oxide is used for its hardness and strength. It is widely used as a
coarze or flne abraslve, Including es a much less expensive substiite for Industrin! dlamond.
Many types of sandpaper use aluminium oxide crystals. In addition, its low heat retention and
low specific heat make it widely used in grinding_operations, particularly cutoll” tools. As the
powdery abrasive minera! aloxite, it is a major componcnt, along with silica, of the cue tip
"chalk” used in billiards. Aluminium oxide powder is used in_some -CD/DVD_polishing and
scratch-repair kits. Its polishing qualities arc also behind its use in toothpaste. Alumina can be_
grown as a coating on aluminium by anodising or by plasma clectrolytic oxidation (see the |
"Propertics” section, above). Both its strengih and abrasive characteristics are duc to aluminium
oxide's great hardaess (position 9 on thc Mohs scale ol mineral hardness). Most pre-f nished.
wood flooring now uses aluminium oxide as a hard protective coating, ’
Niche applientions and research themes: -In lighting, ransparent aluming
sodium vapor !amps. Aluminimm oxidc is also used in preparaiion-of coating suspensions in
compact fluorescent lamps. In ehiemistry laboratorics, alumina is a medium for chromatography,
availablé ia basic (pHl 9.5), acidic (pR'4.5 when in water) and ncutraj formulations. Health and
medical applications include it as a nedenal in hip replacerhents. As well, it°is used as a

dosimeter for radiation protection and therapy applications for its optically stimulated
" lumincscence propertics. Aluminium oxide is widely used in the fibrication of superconducting
devices, particularly single clectron transistors and supcrconducting quantum  interference

devices {SQUID), where it is used o form highly resistive quantum tunncling bavriers.
\ .

is_tiseg_ir_some

Carbon

f Appearancte
black (grapnite)

Ciear (diamond).

s '1§~'
‘e ‘\.‘q)' .% . o
o ',.- Y{
G TN
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Genernl proporti=s: - ™

Name, symbol, iumber -

icarbon, C, 6 .

Element pi}tegox'y :

nonmetal

Group, period, block

14,2, p

Standard atomic weight -

12.0102(8)Y0g'mol” .

' [Electron configuration - 1s? 25* 2p’ or [He] Zs 2p

_ Electrons pershell ~ * [2,4 (Image) '
Physical propc]ﬁcé: - A

Phasc . 7 -~ {Salid

Sublimation point 3915 K, 3642° C, 6588° F

Triplepoint . 4600 K (4327°C), 10800““3' kP
- [Heat of fusion , 117(g.apbnesk1mol |

' (25 °C) 8. 517(graph1lc)

Sp'éciﬁc heat capacity -

6: ISS(dlamond) J-mol™ Lkt

-Carbeh is thc chemical clemcm with symbol « and a'omxr number 6.

~ _As a member ofgroup 14 on the periodic table, il is nonmetallic'and tctravalcnt—makmg
Tlour L]CC[I‘ORS available 1B fqnng' m{eakchcmlcal bc:nds )

:Thére are ibree naturdily vécarring isoiopes, with °C mng C being stable, while "C is
r.ldm.xc(lw.,, d=caying with a half-lifc of about 5730 ycais.

Carbon is one of: the few elements kiown snx.vc antiquity. The namc urbon" comés _

- from Lalin language carbo, coal. : ,
There arc soveral allotropes of q,mhnn of w'm.h the bc, o l\nmvn are ;,r'xplulc dmmcmd

and amorplious carbon: i B _
- The plus:cni pnopomcs of cnrbon vary widely witli the 'allotropic form. For example,

 dizemond is highly transparent, while araphite is opaque aud Black, Diamond is amung the

hardest-matrials knewi, whije graphite is>soN cnough (6 form 2 streak on paper (hence-
“fromy- yﬁ., Cmd_” Wmd 24cgwiite”). Diomond “has a very jow electrical

T Hs namg,
cqn(!"bfnr”y' w'ulc iy 4phnc 15°a vcn,r nnml n,on(.ucmr Unoc; normal conditions, diamond

. has the Thighest thermal conductivity of all known materials. All the allotropic forms are
solids under normal conditions -but gr uplmc is the most thermodynamicaily steble.

ANl forms of carbon -nre highly stable, requiring lu;,h tesperalure 1o react-even with
oxyaen. The most coinmon oxidation state of carbon in inorganic compounds is 14, while
+2 55 found in carbon -monoxide and ather transition metal carbanyl complexes. The
of inoreanic carbon are limestoncs, dolomites and :arbon dioxide, but
anic d(,p()’;:!\ af coal, peat, oil and methanc clathraics.
any other clement, with almiost ten million-pure
which in fum are a tiny fracticn ol such

largest sources
sipgnificant quantitics occur inorg
Carbon forms more compounds - than
organic (.ompmmds described (o dalg,
s that arc thcmctxcaliy possible under standzrd conditions.

abundant clement in the Eanh's crust, and the fourth most
e by mass alter hydrogen, helium, and cxygen. It is
an body carbon is the second most

compound
Carbon is the IS(h most.

abundant clement in lh«. umvu:,

present in all known ‘lifeforms, and in the hum
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2bundant element by mass (about 18.5%) after oxygen. This abundance, together with the
tnique diversily of organic compounds and their unusual polymer-forming ability at the
temperatures commonly encountered on Farth, make this clerient the. chemical basis of -

all known life.
Characteristics i
1 ] - St
1oy damond : @
0| 2 )
| o RN ; ‘
§ ER §\§\)&
AN N
0.1 ‘1\\ Ao
oY - ymper
e.00142 i
3 X .
. ‘m%oogx 7 8 9 10

The di Theoretically predicted phasc diagrami-of carbon : .
di;:na:gcrnc::(; f?rms or allotropes of carbon include the lmrc!esl natiirally oceurring substance,-
T also one of the suncs!’ l:r‘.ow_n substances, graphite. Morcover, it has an aflinity for ..
ling with other small ateins, inciuding other -carbon atoms, and is capable of forming .
mulflplc §table covalent bonds with such atoms. As a result, carbon is known to form almost ten B
mﬂhﬂnﬂ[{ccgm_gg_mnmj_rldsubujnmg majority o all chemicn] compaounds. Carbon also has the

higm['ncit:'m;nnd'sul?limmion.nQint of all clements. At aimospheric pressure it hes np meltipg
point as its triple point is at 10.8.% 0.2 MPa and 4600 £ 300 X, so.1t sublimates at ahout 3900 K.

Carbon sublimes in a carbon arc which has a temperature. of about 5800 K. Thus irrespective of
its allotropic form, carbon remains solid at higher tlemperatures than ihe highc.s,i melting point
metals such as tungsten .or rhenium. Although thcrmodymmiéally pronc lo o,{idalion, énrbon
resists oxidation morc cffectively than elements such as iron and copper What arc weaker rcddcing.

agents at room temperature. :

and the carbon-nitrogen cycle
Although it forms an
active under

Carbon compounds [orm the hasis of all known life on Earth,

provides somc of the cnegv produced by the Sun and other stars.
extraordinary ~aricty of compounds, most forms af carbon are comparatively unre
normal conditions. Al standard iemperature and pressure, it resists all but the svongest oxidizers.
i docs not seact with sulfuric acid, hydrochloric acid, chlorine or any alkalis. At clevated
temperatures carbon reacls with oxygen to lorm carbon oxides, and will ceduce such mclal

" oxides as iron nxide to the metal. This exothermic reaction s used in the iron and stecl industry

to control the carvon content of stecel: .
Fe3;O4 + 4 C(,) — 3Fe 14 CO(g) . N
with sulfur to form carbon disulfide and with steaniin |
) _"CO.+”1 ) _ : ‘
e H? o o ¢ (’u. ivh tenperatures W forme metallic cinbides, such as the
Carbon combines with some n-etals ot ngh e e ' ) -~ DL
iron carbide cementite in sicel, and tungsten c.ibide, widely used as an abrasive and for making
ard tips for cutting tools. L | .
:\‘s 0f§009 graphenc appears to be the stronges! material cver tested. :l|m\;'cvm;} l:c p{r}:ﬁ:)cls,;?lr
' v . o . . " S e i u
separating it from praphite will require sume le-hnological development before

cnough to be uscn in industri, | processes.

he coal-gas reaction:
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The systein ofnunn. Ilo m;m Spalis a° Iul)JL or ml.u.us s Hamfy ey foiie®

Synthetic. nanocrystalline. diamond i ST I, SR
s . thel| ‘ g8 ;

hardest material known. weg, @ & Graph:_lte 1S °-“'cf of the softest ‘nl.aﬁtena_?svknown. k
Dl,mond 1S t_l}_c ulumgni_c‘gmjgg:_ 3 _____|Graphite is.a.vory gaod lubricant, ﬁg
lblamond is ‘an excellent clectiizal insulator, ~ |Graphite is a conductor of electncxly -

{|Dinmond is-the lm( Known nnlurnlly occumug Some_ forms of g.rnplulo urc-used for :hermalf
thermal conductor - . . _|linsulation (1 €. ﬁrcbrcaks and hcat sh:elds)
Diamond is highly transparcnt. ©. - - FfﬂPh'te Is opaque.

: Diamoﬂd crystallizes in the cubic system. Graphite crystallizes in the heragonal system.
Amorihous carbonis completely isotropic. : Ca'rbn‘n .nanotub.es are anong  lhe most

Jlanisotropic mulerinls ever produced. :

Allotiopes K o o -

Main article: Allotropcs ofcmbon h -

- Atomic carbon is a very short-lived Spccu:s and, therefore, carbon is stabilized in various multi-
alomic stniciures witl diflerent molecular confi gumhons called allotropes. The three !’CI!].!Y"‘]}’
well-known allotropes of carbon-are amofphous carbon, graphite, and diamond. Once considered
exotic, fullerenes. are nowadavs _commonly synthesized and used in research; they include

* huckyballs, carbon nanotubes, carbon nanobuds-and nanofibers. Several other exotic allotropcs -
have . alsor been discovered, such as loned.\lcm, glassy carbon, carbon nnnofoam nnd uncar
ncctylcmc carbon R ~ : :

- The. amorphous™ lorm’ is an assortment ol carbon atoms in a nor- crystallmc irre; 'u!ar
e ghssy state, which is essentially graphxtc but not held in a crystzlline macrostructure. } is™-
_. présent.as a potvier, and s the. main conslllucnl of subst‘mas sucl. as i:hnrcml

lampblack (coot) and activnted corbon, .

- At normal pressures carbon .tskes the form of praphite, in Mnch cach amm is bonded
wigonally to three others in a plane composed ol fused hexagonal rings, Just like those in .
aromalic hydnocmbons The resulting network is 2- dime:sional, and the r.,suhm'r {lat
'xl.cct:: are stacked and looscly bonded through weak van der Waals forces. This o pives
graphite its soliness and its cleaving propertics (the sheeis shp asily pazt one 'mn'-}’m)
Because of the delacalization of one of the outer electrons of cach atom to ferm 2z
cloud, graphite condudts clectricity, but=enly in the pianc of cach covalently bom.r-d
sheet. This results in o Jower bulk electrical conductivity for carbon thun for mosi metals,
The delocalization also accounts for the encrgetic stability of g graphilc over dmmono al

© room {emperuure. -
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Some allotropes of carbon: a) diamand; b) graphite; ¢) lonsdaleite; d-f) fullerenes (C(ﬂ-
Cuio. C70); £) amorphous carbon; h) carbon nnnol.ubc. ' ‘ - nC'xri
At very high pressurcs carhon forms the more compacl allotropc diamond, having v! )Q'
twice the density of graphite. Here, cach atoni is bonded lclrnhcdrn“:)' lo four (‘ﬂ.hgrs. 1]m: ;
making a 3-dimensional network of puckered siz-membered rings of atoms. Diamond has

. i i : fth
the same cubic structure as silicon and germanium and because of the slrcnglh.o c,
crms of resistance

carbon-carbon bonds, it is the hardest naturaily occurring substance int SOk

to scratching. Contrary to the popular belicf that “dianionds are forever”, they aie In lact
thermodynnmically unstable under normal conditions and transform infto grnphnc. But
due to a high activation energy barrier, the transition into graphite is so cxtrc,me.l?.f slow at

[
Ve

room lemperature as (o be unnoticeabice. - =Rl
+  Under some conditions, ~arbon crystallizes as lonsdaleite. This form has a hcx;}gonalv
crystal latticc where all atoms arc covalently bonded. Therclorc, “all propertics ol

lonsdaleite are close to those of diamand.
Fullerenes have a graphite-like structure, but instead of purcly hexagonal packing, they

also contain peniagons (or even heptagons) of carbon atoms, which bend the sheet into

_ . . ) . ’ .
sphercs, cllipscs or cylindcers. , ., .
Occurrence . :

- o Graphite orc, Raw diamend crystal.

isotoypes: -
Isotopes of carbon re atomic nuclel tha co
frem 2 to 16). Carbon has two stable, naturally occurring isotopes. The isatope carbon-12 ('2C)

losins 98.93% of the carbon on Earth, while carbon-13 (*C) forms the remaining 1.07%. The
concentration of "C is further increased in biological materials beeause biochemical reactions -
discriminate against ’C. In 1961 the Intcrnational Unien of Purc and Applicd Chemistry
(IUPAC) adoptcd the isotope carbon-12 as the basis for alomic weights. Identification of carbon

nlain six protons plus o number 6f neutrons (verying

. . . et N
in NMR experimznts is done with the isatopc "C.
Carbon-14 (1*C) 1s a naturally ocewrring radivisotope which occurs i tracc amountis un Earth of

up to 1 pa:t per tillion (0.0000000001 %), mostly cgnﬁncd_tq the atmosphere and superficial
arly of peat and other organic materials. This isatope decays by 0.158 MceV ¥

deposits, ‘narticul : sotgpe’s . '
cmission. Because of its relatively short half-life of 5730 years, C1s virtually absent in ancient
rocks, but is created in the upper atmospherc (lower stratosphere and upper tropospherc) by
interaction of nitrogen with cosmic rays. rhc abundimee of '?C n .lhc nlnmsphcrc' mid in _li\ting
organisms is almost constant, but decreascs predictably in their bodics after dgalh. [his pr ncxplc
is used in radiocarbon dating, invented in 1949, which has been uscd exiensively to detrmime

f carbonaceous materials with ages up to about 40,000 years.

the age o ) < AC which dee
There arc 15 known isotopes of carbon and the slm.lcs_l—hyql of il;c.\c ns_” i}\'flnlchl accn[)./s
through proton emission and alpha decay and has a halC-life of 1.98729x10 7 s. ¢ exotic

: \

1
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organic compounds; however the definition is not rigid. -Among thése are the simple oxides of
carbon. Themost. promiinent oxide is carbon dxoxxdc (COy). This was once.the principal
constituent of the P deontmosphere, but is & minar Compunent ol lu- Enith's atmesplicro-today.”
Dlssolvcd in waler, it forms carbonic acid (HZCL);) but as most compounds w'th multiple: smglc-
bonded oxygens on a single carbon it is unstable: Thro: |bh this mlcrmcdm(c, though, resonnnce-
stabilized carbonate ions are produced. Some importan mmerals are calbonatcs notably calcile.
Cmbon disulfide (CS,) is similar.- : o :

) “Thc other comimon oxide is carbon monoxidz (CO). Itis formed by mcomplclc‘ combustion, and
is 0 colorless, adorless pas. The molccules cach contain a triple bond ‘and are fairly polar, -

resulling i tendeicy (o bind permaneatly e hemoglobin nwlecuales, displucing oxygen, which
has a lower binding' allinity. Cyanide (CN"), has a simular’ structure, but behaves much like a
halide ion (pseudohalogen). For example i can form the nitride cyanogen molecule ((CN)y),

- similar 1o diatomic halides. Other uncommon oxides are cazbon suboxide (C30,), llu, unstuble

o\carbon ‘motoxide (C,0), carbon trioxide (CO;).‘ cyclgpcnlnnepentone (Cs0s5),
cvclnhy(.!n\,huom (C,.O(,) and l“L”llIC anhytlmlc(CpOo) . .

‘.Produchon

Graphite: - Commercially viable natural d(,pcsrls of{,mphnc oceur in many parts of the world
but the most important s0urces cconomncall_/ are in China, India, Brazil, end North Korca. (es}

‘. Graphite dcposits are of melamorphic origin, fmmd in association with quartz. mica. and

leldspars in schists, gncisses and mcnmou phoscd sandsloncs ‘and hmcs(onc as lenses or veins,
somelimes of a'meler or more n lhnchxcss Deposits- of g,mphllc in Borrowdale, Gumberland,
England were at first of sullicien! size and ,mnly that. until (he 1800s, pencils were made simply

'by sawing blod\s of naturul graphite into streps ‘belore encasing the strips in wood. Today,

smailer: depusnc of g aphxte are obtained by crushing the parent rock and- flmung the lighter

L,:.rphxu,mn o walter A e I el
Diamond: - Onlya very sma!l (raction of the dizimend ore consists of actual diamonds. The o:é

is crushed, durmg, which care bas to be taken in order to prevent lirger diamonds from being
destroyed in this process and subscquentty the pariicles are soded by density. Today, diemands

arc located in the dinmond-rich density Iraction with the help of X-ray fuorescence, afier which .

"the final sorting steps arc done by hand. Before the use of X-rays bécame commonplace, the

sepa=ation wis dose with grease helts: dismmomnds have o \!mn{,u tendencey 10 stick to grenss than

thc other mincrals in the ore.

/\]])]lCﬂf10119
). Pencil leads for mcchamcal ncncnls aie made ol araphile (often mixed wnh a clay or

synthetic bmdc:)

© 2. Sticks of vine and compressed charcoal.
3. A cloth of woven carbon lilaments
4. Silicon carbide single crystal
5. The Cyp lullerenc in crystalhing form

X
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6. Tungsten carbide milling bits )
C:lrbon.xs- cs-::cntinl to all known hving systems. and without it life as we know it could 1.10!' cust
ctl(crnanve biochemistry. The major economic use of carbon other than food and wood is in the
form af hydrocarbons, paast notably the. (ossi! sl methane gos and enids ol (petroleum). Crude
oil is used l.)y..lhc pettochemical industry 10 produce, amongst others, gasoline and. kerosene,
through a distillation process, in refinerics. Cellulose is o naturpl,_carbon-containing ol [o11
produced by planis jn_the form of cotton, linen,  and hemp. Cellulosc is mainly used for
malntainlng struoturo In-plonts, Commercinlly vilunble enrtson polymers of animal origin include
wool, cashmere and silk. Plastics are made from synthetic carbon polymers, often:with oxygen
and nitrogen atoms included af regular intervals in the main palymer chain. The raw materialssfor
many of tliese synthelic su_bslunqi s come from zrude otl. o Lot
Ihe uses of carbon and jts compounds ape extremely varied: It can form allovs w
which the most common i§ carbon stecl, Granhite is conibined with clays io form the lcad! us'cQ
in pencils-used for writing and drawing, It is also used as o lubricant and a pigment, as a_molding
material .in_giass manufacture, in_electrodes _for dry batteries and_in_electroplating _and
clectroforming, in brushes for clectiic motors and as a ncuiren maderator in nuclcar reactors.
Charcoal is used as a drawing matcrial in anwork, for griliing, and in mnny other uses including
iron simelting. Wood, coal and oil arc used as fuck for production of energy and space heating.
Gem quality diamend is uscd b jewwelry, and Industrial diamonds arc uscd in drifling. cutting and
pelishing tools for machining metals and stenc. Plastics are made from fossit hydrocarbons, and

carbon fiber, made by pyrolysis of synthetic polyester fisers is used to reinforce plastics to-form_ - -

advance?, lightweight composife materials.

Carbon black is vsed as_the black pigment in orinting_ink, artist's oil.paint and:water colours.”

carbon papsr, auiemotive finishes, ndin ivx and laser printer toner, Carben black is glso used ag
-a filler in rubber products such as tyres and in plastic compeuds. Activated chincoal is used as
an nbsorbeni and adsorbent in filter material in applications as diverse as gas masks, water
purification and kii-hen extractor hoods and in medicinc to absorb toxius, poisons, or gases (rom
the digestive symem, Carbon is nsed_in ehemicp prduction nt high temperntures. Coke is visetl o
veduce iron_ore_into_iron. Casc hardening ol steel is_achicved by heating finjshed steel
components in carbon powder. Carbides of silicon, tungstcn, boron and titanium, are among the
hardest known materials, and are uscd as abrasives in cutting and "grinding tools. Carbon
compounds make up most of the materixls uscd in clothing, such as natural and synthetic textiles
and leather, and almost all of the interior surfaces in the butlt environment other than ¢lass, stonc

nnd metal. . :

-:Clay: -
Clay is a naturally occurring material composed primarily ol finc-grained minerals. Clay
deposits are mostly composed of clay minerals, a subtyye of phyllosilicate mincrals, which
impart ‘plusticity nd harden when fired or dricd; they also may contain variable amonnts of
water trapped in tic mincral structure by polar attraction. Organic materials which do not tpart

plasticity may also be o part of clny deposis

ith iron, of
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- Formation:Clay. minesal
" themical weathering of rocks, usially silicate-bearing, by low “concentrations of carboni¢:acid
and:athér dituted:solvents: These solvents, usualiy-acidic, migrate: through. the Weatheiing rock

. deplogts ' sailbut thick deposits weinly.ara. formed a1, the sl 9F e secandury sedimentary
- dgposition protessafter Uhey havé beeritefoded and trinspoiled:from: thelf oHplhaKI
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s are {ypisally- [cvmzd over-lonp p
after:leaching through upper wzathered layers. In dddition to the weathering procéss; some clay

minerals are formed by hydrothermal dclivity. Clay deposits may:be formed in place as residual”" - .
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e

-
¥ Y

- s | and trispoiled: fron their orighalZlocaflon of
fo: mition. : Clay: deposits are’ (ypically *assosinied “Wilhivéry ® low eneryydepasitional

- environments such as large lakes and marine deposits. Primary: clays;‘also knowa as-kaolins; are" *. - f
. located at-the site of formation. Secondary. clay deposits havé bisen moved by erosion and Water ' ' p
_fidom their primarylocation. » - -G oo .8 i SRl bl ot el '
B T R - il A e r £ o g
Definition Olays are distinguished frem other ﬁlie'-ggl'di'néd:'s'c_)ils”_'.b‘)i’diffcrénc.qg,_ih:‘g_izgﬁ’agd S
- mineralopy.. Silts, which are fine-grained-soils that do not include: clay mincrals, tend to,have . 7
larger particle sizes than clays, but there is some overlap in both particie size and other physical .. " .
prope riies, and there are many naturally occurring deposits which includo both'silis and clays. - :
The « istinction botweoen silt and ¢lay varies by discipline. Qeologists and sail gg[cgunlzgjgsuglly . .
consider-the -separation to -occur ut o paicle sizé of 2 ym (elays being firfer”shan”siltg), ;- .- ,
" sedimentologists oftes use 4-5 wm,_and’ colloid: chiemists usé_1" jum.” Geotechuiica] " efigineers . - ' . ¢
. distinguish beiweer silis and clays bascd on the plasticity properties of the soil, as‘mcasured by, © - E
the soils"-Atterberg Limits. 15O 14688 grades clay particles as being smaller thaq'_Z pmandsilts ©. - : L f
' Gijoiliiilxg T'here are three. or four main.groups ol clays; kaolinite, -monlmozillouit?-'smectit'.c, o g ¢
" "sllite and chlorite. Chlorites are not uhways considered 8 cla, sometimes being classified-as a . .7 i g
- ;sc_pai'até' grodp withiri the phyllosilicates. T here are nppro‘x_im.a'tely.'BO‘ d.iffcfént types of "pure”. . - : -
" clays A these categorics, but mosi "natural" clays are_x;_mlxtureg of }lx_ese different types, alpng_ ¢
with cther weathered ininerals:- Varve (or varved clay) 1s clay w_xthvxs:blc. a.nr.ual, laye_m:, formcd: '
by -sc,asonal'- differences in erosion and.o.:ganic‘ con(ent:-.This'ty;-)e of deposit is copmon’in former £
gfaciél’iakes. When glucial lakes are tformed there is very lxt_tlf; mov‘eme:‘.'. of the watf:r.xh'ag .
makes the lake, and these croded soils scttie. on the. (ak_e. bed. This al[.c.).ws -su(_:!\__ o -even E
distribution.on the different laycrs of clay. Quick clay is a unique 13‘/[)0 0‘5‘!}-15'.1‘.mc C‘-‘_a}"!_l.ldrgﬁr}gus - g
1o the glacis:cd tenains o Nerway, Canada, Nonhv:r.-; treland and Sswedén. lE iz a highly sensitive -
3, which has been invoived in several deadly landsli€'zs. R - q

clay, prone to liquefacitos

= Dry clay is normally much more stuble than sand with R

Historical and modern uses:

regard to excavalions. - ; L ‘
» varer in cerlain proportions, When dry, clny becones

Clays exhibit plasiicity when mixed with wan ropo : ) |
fiom and when fired in a kiln, permanent physical and chemical reactions cccur, These reactions,

amony other changes, cause the clay to be converted into 2 ceramic material. Because of these
p;{upé‘r:ﬁcs ‘chy is used fur making poliery items, hoth utilitarian and decorative. Dilferent types
" ’ ‘ 4 L4 . . o * -
. of -clny, when uscd wilh different minerals and firing. conditions, are used..to produce
’

‘earthenware, stoneware and porcelain. Prehistoric humans Jiscovered the useful properties of -
; d is a drinking vessel made of sun-dried clay.

clay, and one of the carlicst artifacts ever ancover: . i !
Depending on the content of the soil, clay can appear in vanous colors, from a dull grav s 2
9 k ;

deep orange-red.
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Clay tablets were used as we first
through‘thc use of a blunt reeq calied a stylus.

Clavs tmlcrc(l' m fire were the firs. form ol ceramic. Bricks, cooking pots, art objects, dishware’
and even musical instruments such as the acarina can all be .;hnpczl I?um clay belore heing fircd.

Cllay is ?15(1) u§c<l in many industrial processes, such as paper making, cement production and
chemical filtering. Clay is also vllen used in the manufcture of pipes for smoking tobacco. Until

Ihet!atc 20th century bentonite clay was widel; ured as a mold binder in the manufacture of sand
castings. '

known writing medium, inscribed with cuneiform script

.Clﬂ)’a being relatively impermeable 1 walcr, is also used where natural scals arc needed, such as
in the-cores of dams, or as u barricr in landfills against toxic seepage (lining' the landfill,
preferably in combination with geotextiles). '

Recent studies hav: investigated clay's absorption capacities in various applications, such as the
- removal of heavy metals from v aste water and air purification. | .

Medical and agricultural uses '

A traditional usc ol clay as medicine goes back-to prehistoric times, An example is Anmenian

bele, which is used to soothe am upset stom.ch, similar to the way parrots (and later, humans) in

South America originally used it. ) )

A more recent, and more limited, use i as a specially formulated spray applicd to fruits,
vegetables and other vegetation to repel or deter codling noth damage, and at least for apples, to - & -
prevent sun scald. I : '

A recent article in 7he Journal of Antimicrobial Chemotherapy found that certain iron-rich clay  .z.s
was effective in killing bacterin. , p :

. - :Mica: - 4

The micn greup of sheet silicate (phyllosilicate) minerals includes several closciy related =™
maicrinls having highly perfect basal cleavage. All-are moneciinic with a tendency towards -~
pseudo-hexagonal erystals and are _simi!nr in chemical composition. The highly perfect cleavage,
which is the most preminent characteristic of mica, is cxplained by the hexagonal sheet-like
arrangement of its atoms. The word "mica" is thought to be derived from the Latin woud micare,
meaning "to glitier”, in reference to the brilliant appearance of this mineral (especialiy wlen in
small scales). ‘
Mica ciassifleation: -
Chemically, micas can be given the general {formula

e ..Xqu_éngZl)(OI'!,F).j . )

" inwhich Xis K, Na, or Ca or lcss commnnly Ba, Rb, or Cs;
Yis Al, Mg, or Fe or less commonly Mn, Cr, Th, Lj, ctc;

. ..Zis chiefly Si or Al butalso.may include Fe'* or Ti. ' '
Structurally, micas can be classc.! as dioctahedral (Y = 4} aind winctahedral (Y = 6). 1f the X jon
is K or Na the mica is a common mica whereas if the X ion is Ca the mica is classed as a britli-
mica. . : '
Trioctahedral micas .
Common aicas: Phiogopite, Biotite. Zinnwaldite, Lepidolite, Muscovite
Brittle micas: Clintonite
Interlayer deficient micas _
Very fine-grained 1nicas with typicaily more variation in ion and water content are infonmally

termed c/ay micas. They include
\
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o llydno muscovnlc. wnh H;O '\lon[, wuh }\ i (thute . :
« ‘llite with a K deliciené m the X' site and concspondmglv more Si in the Z sile;

; + Phe ngite with Mg or Te? cuhsulut[ng for Aiin the stc and nconcspondmg mcrcuso in’

Siin the y site;

Occurrcncc' Micn . is wul..ly dlsmbulud and ocours ln u,ncous, melamomh!a nndz
scﬁnncnlary rchmcs Large crystals of mica uscd for various apphcauons are typlc,ally mmed»

froln gramucpc"nnutcs T

Until the 191h century, large crystals of. mica ‘were quxtc rare :md cxpcnswe s a rc.:u)t of" the
limite. supply in Europc However, their pric¢ dramatically dropped when large reserves were
found nd mined’in Alvica and South America during the carly 1800s. The largest documented .

single .crystal of mica (phlogopite) was found in Lacey mine, Ontario, Canada: it measured
10%¥4.3%x4.3 m and weighed aboul 330 mclrlc tons. Smnlnr-sxzed crystals were also found in
Kprelin, Russin,
The British Gcolomcal burvcy lcports that as of 2005, Kodarma district in Jharkhand state in
India had_the largest deposits of micn in the, world. China was the fop punlucu of mica with
almost a third of the global share, closcly. followed by the USA, South Korea and Canada. Large
dcposnls of sheei Mica were mined in New England from the 19th Century to. the 1‘/603 Lnrge
mincs cxisted in. Connachcul New Hampshire, and Maine.
Scrap and* llnkc mica is pmduccd all over the world: Flirke mica comes jrom several wurwS' lhc
_metamorphic rock callcd schist as a by-product of proccssmg feldspar and kaolin resources, from"
- placer dcposus and-from p%mamcs Sheet mica is rons:dcrably less abundant than fiake and

scrup | um.u Shecet mica is m.c.monnlly recovered from mmmg s«.rap and ﬂnkc mu.n The most

important sourccs ofshcu mica are peginatite dcposn!s ] C _ e
Propertics :mduscs L3 - S o 2t o s
Llcctronics - 2, nod < " ‘ :

A 'mmbcr ot mica insulator lu.c,s for TO-3 and TO-264 an.mcs »
Micp has a1 high diclectric strength and excellent. chemical stabil™y, making it o luvmm_d
m.xl\,ml for munulactoring capacitors for radio lequency applications. Jt hes nlso been used as
" an nmnlulm in high vollage clectrical cquipment, and between the bars of commutators in direel
current motors nnd penerators, Mica is uscd becinse i can be splil it very (hin stlees, el thin
keeps its thernal resistenee low while retaining suiticient diclectric strength o prevent Crifis
from Nowing across il al moderate voltages. The insulation is nsually necessiry when the fichi
smk iN carthed (ymuntlul) while e clectronie cumpmu.m s mctal surfaees will be « onncele 1
pow;,n \upply or signal line. I thy were in dircet contact this could form a short eircuit. Heat
sink insulatian can also be neeessary 10 pu,vun the heat sink from acting like an antenna if the
compouenl is connccted 19 d l’\pl(”y varying signal, '

Isinglass.

Thin transparcnt shects of mica called "isinglass™ weic used for peepholes in boiler s and In

nterms
heeause ihey were tess likely 1o shatter uwnp.uul 1o plass whien exposed o eae

reme iemperatupe

-|.|(llull\ Sm,h peephales were also used in “isinglass curtains” in horse- drawn Caniaues i
[ENE
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carly 20th century cars. A book about a jeumey in a Model T Ford car describes isinglass
curtains as fol'ows: "Oiled canvas side curtains were put-up over the windows for wind, rain, and
cold (there were no heaters) and were held in place with rods that fit inta the doors and twisting
button snaps aeund the perimeter... 'lsinglass’ pt,cpholcs in the curlains allowed iimited
visibility. Isinglass was made of thin sheets of cracked mica.” . -
Gther ‘
Resin-bondsd mica or micanite or buill up micaniie from splittings or agglomerated micunite
made from pulped mica powder are called micanites. All these products have additives, like
resins, and the resultant produsts, while having inferior insvlation prpcmcs to natural "mica
insulators" are called micanites or micafoliums.
Mica is alsq bircfringent and is commonly uscd to make gunarter and half wave plates.
llites or elay micas have a low cation exchange capacity for 2:1 clays. K+ jons.between layers of
mica prevent swelling by blocking water moleculcs. - .
Because mica can be pressed into a thin rlm, it is often uscd on ch;,cn Miller tubes (o detect
low penetrating alpha particles.
Some brands ol toothpaste include powdered while mica. Hns acls™as a mild abrasive lo aid
polishing of the tooth surface, and also adds a cosmctxmlly -pleasing glittery shiminer to the
paste. The shiminer from mica is also used in makeup, as n gives a translucent "glow" to the skin
or helps to mask impcrfections. :
Mica is used iu the production of pearlescent pigments, M.my metallic fooking pigments are
composcd of a substrate of mica coated with another mineral, usually titanium dioxidec « TiO,).
The resultant pigment praduces a refleclive color depending on the thickness of the coaling. |
These products arc used to praduce autamohile paint, shimmery plastic coentainers, lubh quuhlv
mks used mvadvertising and security applicotions. - - -
Mica shects arc uscd io provide structure for heating wire (sm,h as in Knnth.ﬁ or Nichrome) in
hc.m-xg_, clemeasts and can withstand up to LU0 °C (1,650 ©F). Beeause mica i3 resistant o heat, i
is uscd instead of glass in windows for stoves and kerosenc healers. . )
Another usc of mica is in the production of ultraflat thin film surfaces (c.p. gold surfaces) using -
mica as substrate. Although the deposited film surface is ctill rough duc-to depositian Kinetics,
the back side af the film ar mica-film imerface provides ultrafiatness, when the ﬁhn 1S removed
from the substratc. y
It is also wscd as annsulalor in concrete block, home attics, and can be |0un.d into walls
(usually in retrofitting wissulaicd open top walls).
May zlso I uscd as a soi} conditioner, capecially in |m|n-1" soil mixes and in gardening plols.
Muscovite mica iz the most common subsirate Tor sample pu_n.u.nmn for the atomic Toree
microscopc. Freshly- -clcaved miza surfaces have been used as clean imaging substrates in alomic
lorce microszopy, caabiing for cxample the imaging of bismuth films, plasma glycoprotcins,
membrang bisayzrs. and DNA solecules.
Greases usced for axles e composcd el a campein:d ol Lty otls 10 which mica, lar or graphiie

added 1o mumxl, the ¢lu;.1'nh' ol the greasean " "'\'L o eller surlzee,

Ml
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. Hunian uSe of mica dates back to pré-histo
and Roman Civilizations, Chinesé civilization, ns.well -as. the Aziec-civilizniion vl the New

ety i
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The carliest uge of mica Jins-béen Tound:in‘cuve puiniingﬁi . :
-period (40,000 BC tg 10,000 BC). ‘The first hues were fed (iron oxide, hematite, or red oclire)
“and-black (inangancse dioxide, pyrolusite);-thougli black from-juniper or pine carbons has also
beer discovered. White from kaolin or mica‘was.uscd occasionally. "+ I T

A fcw'kiiomctcrs"nor(hcnist'o_f_ Mexico City stands the ancieit site of Teotihuacan, The most

_striking visval and striking structure of Teglinuacan i the:towering Pyramid-of the Sun. The

pyramid contained considerable amounts of micn in liyers-up_to 30 eém (12 in) thick’ - =
J_hroughoul the ages, “ line powders af mica have been uged [nhr various purposes, including
_ (_Iccon.-:ni\zp puiposes. The colored Gulal and Abeer used by Hindus of nortli India.during holi

festival contain finc small crystals of mica. The m::jc_su'é'l"_ud'm_:_:n:abhqpur:mi palace, 65 km (40
mi) from’l'riv:l,nil_ruln in India; has colored mica windows. = . - R .

.- sSilicate: - :

-

A silicate is a compound:containing a silicon bearing anion. The great majotily of silicates are
v - -~ oqe . 2 * » . e ooy & . s e -
- oxjdes, but hexalluorosilicate ([SiFs]™) aad other anions are slso inchided. This article locuses

mainly on. the $i:0 anions. Silicates comprise. the inajority of the sirils crust, as well as most-

plancts and imoons. Sand, Portland cemem, and thousands of mincrals hue examples of silicates.
Silicate compounds, including the minerals, consist of’ silicate anions whose charg> is balanced
.‘b_y 'various cations. Myriad silicate anipns can exist, aid each can forny compounds with many’
different caiions. Tlence this class of compounds is.very larael Rothi minerals and _syz_ll_hc'(ic

materials fitin thisclass. . 7. . . 0 0 T
Structiiral principles In the vost majority of silicates, including silicate mincrals, the §j
OC-CL;P fes 2 tetrahedral cn‘vjronm_erjt‘, being surrounded by 4 o.cygen ceniios. I_t‘—,!l,‘_t"'sc structurss,
ihic chemical boids 1o silicen conform to the octet 1ule. These tetrabadin somctinies per b =
isojated Si0y" centres, but most commenly, the tetrahedra are joined togcther in Visious ways,
such ns pairs ($120;%) and rings (SigO1s'™). Commonly-the silicate anions arc chains, double
chains. sheets, and three-dimensional frameworks. All such; species have nepligible solubility in’
waigr.at pormal conditions. . . , . b

ch'l....c,,cc' in solution: - Silicules: are weli characterized as solids, but are less commonly
observed in solution. The anion SiOy™ is the eonjugate base ol siticic neid, Si(O11),, imd both gre -

" elusive as are all 'of the intermediate species. Instead, solutions of silicates usually ovserved Gs
mixtures ol condenscd and partially protonated silicate clusters. The natere of soluble silicates is

Televant to understanding biomineralization and the synthesis of aluminosilicates, such gs the
industrially important catalysts called zcolites. ,

Silicates with nen-tetrabiedenl silicon: - Although the tetralicdron is the commaon coordinatjon
) ’ £ivies oils L il ] 'S ! N 1l 1 . . . - : -
acomelry 1o silicon compounds. silicon 1s well known 10 also adopt hiskey coordmation
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numbers. A \\'L“ known example of such a high coordinaion nuniber is hexafluorosilicate (Sik,™
). Oclahedral coordination by 6 oxygen cenlres is obscrved. At very high piessure, cvea SiQ,
adopts this geometry in the mineral stishovite, a densc polymorph of silica found in the lower

mantle offthe Earth. This structure 1s also formed by shock during mctcarite impacts. Octahedral
[c:lnl on rrn/u/]

Si in the form of hexnhydroxysilicaic ([SI(O'{)(,] )-is observed in thaumasite! a.
mineral occurring rarcly in naturc but somctimes observed amongst other calcium silicate
hydrate artificially formed ir cement ana concrete subntted to a s sullate atack.

Siticate rock and minerals : -Diatomaccous carth, as viewed under a microscope, is a sail,
siliccous, sedimentary rock made up of the cell walls/shells of single cell diatoms. Diatom ceil
walls arec made up of biogenic silica; silica synthesised in the diatom ccll by the polymecrisation
of silicic acid. This image of diatomaccous carth particles in water is at a scale of 6.236
pixels/pm, the cniire image covels a region of’ upploxlmntcly i.13 by 0.69 mm. ,
In geology and astronomy, the term silicate is"used to denote types of rock that consist
predominantly of silicate minerals. On Earth, a wicde varicty of silicate minerals occur in an cven
wider range of combinations ac a result of the processes that form and re-work the crust. These
pracesses include partial melting, crystallization, fractionation, mctamorphism, weatherng and .
“diagencsis. Living things alsc contribute to the silicate cycle necar the Earth's surface. A-type oi ™=
plankion known as diaigms construct their exoskeletons, known as tests, from silica. The tests of -=~
dead diatomns are a major constituent of deep ocean sediment. Lt &
Silica, or silicon dioxide, SiCx, is sometimies considered a silicate, although itis the special case -
with no nzgative charge and no need to. counter-ions. Silica 1s found in nature as the mineral ¢
quaitz, and its polymorphs. :
Mis (‘Hﬂ(‘;,)" ~Mre wminycnl:y. silicnie mmu'\l\ nre !wulul necordimg o .nu\n.u oi therr
silicate anion into the lollowiny groups: e ' : Rt
« Nesosilicaics (lone tetrabedron) - [SiO)* , cg olivinc. R e e
o Sorasilicnies (donble luruhcdm) - |Sx;(_);] , tg epidote, melilite group.,
. Cydosnhcatcs (rings).- [S1, O 'S8 tomm'\linc group.
« Inosilicaies (single chain) - [Siy _,,,] . €8 PYrOXene group.
© T+ Inosilicates(double cham) [Su.,O: 1,.]6 , ¢z amphibolc group.
» Phyllosilicates (sheets) - [Sia 05,,] , cg micas and clays.
. Tectosilicates (3D framework) - [Al, SlyOz(;q-y)] , ¢ quartz, feldspars, zcolites.
) Nnte that lcclosilicates can only have additional cnions i some oi the silicon is replacedd
by a lower-charge cation such as alumininm. Al for Si substitution is common,

‘r.

Silicates

The silicates arc the largest, the most intercsting and the most complicated class of minera s thaif -
any otier ninerals. Approxnnmtely 30% of all minerals are \th'llCS and some acologists cs imals

hat 90% of the Larth's crust is made up of silicates, Si0,* based material. Thus, oxyzen and

silicon are the twe most ab mdant clemenis in the carth’s ciust.

Silicates is based on the basic chemical unil Si0.", tetrahedron shaped anionic group. The

centrat silicon ion has a charge Orpmmvc four while cach oxypeen has a charge ol negabive twe

(-2) andt thus ench silicon-oxygen bond is an il to one halt' () the ot bond energy o oxyeen.

This condition lcwa (he oxygers with the option o bonding o enather silican ian and therefore

linking anc Si0.." tctrahedroi to 1no!hcr

In the extreme zase, the tetrahedra arc arranged 121 2 regular, orderty fashion forming a tues-

dimensional nctwork. Quartz is such a sinzcture, ind its formuia is S10,. I silica in the melien
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Stale s \,Onlt_\l \-L‘l)’ 5lu\\ l\- |l u):.l.-llil.bs dl lllG h'UC‘AInb PO“]! BH( il mO“c” mlwa i conlcd mOlC
ass, oflcn also’ called

rapidly, the resulting solid:is a dtsoxdcxly anangcmcnt whlch xs called gl o
quartz: - : ' ‘ : w,f s’ B
.chl( NCLaTl(SlO,)J contain tlucc siy lcanngs but thcsb are- rclaml 6-.llnm rm;?s ' ’f
O _o
1 RIS C RE e
» 081 Si0, ' : - < _
~ The precious stone bcryl Bc;Al;(SlO;)g conlam snx-sxhcanngs. Gt i eeny g Sk

“Single ehain silica are called pyroxencs.. Some synthztic. metasilicates N.h(QnO,) lnvc been
shown 1o contain the simple chain silicates (SiO3)n, in which the Si-O bonds ol the type Si- 0-Si
arg 168 no, with the Si-Q-Si nngles 6f 137° The Si=0 bonds are shorlor, 1. 57 nov“The natural
pyroxencs includg eistatite, MgSiO;, diopside, CaMg(SiOs)z and judeite, NaAI(Si2s). T Thetrue = =
asbcstoses suchas crocidolite or. bluc-asbestos coasist of doublé chain silicat :s. Asbestoses have -~
been identified as carcinogens, and its application has since been limited ‘duc 10 a ban to hmlt its

. exposire (o -the public. Federal® Health - Canadn s - given some striet Luuluhnm tor the-
_applications. of crocidolite. Most comercxal asbeqtosus are chrysc-nle Wthh contain xaycrs of .
silicate:sheet as we shatl below. '

“The diagram below shows the .umnbcmcnl of °hccls in bxuqnlc Mg(Oh)z. m \vhu..n the sheeis
consist ol cornct sharing octaicdlrons 6f Mp(OH)s. T chiorite, there are twa iypes of sheets. Half |

- of the sheets are the-same as those-of brucite, lu( half of the bruc:lc—ahcc. 3 arc s:mdwxchcd

‘bunmm :.hu.ls ol silicates. Thc talc consists of only the sandwxched sbccts -
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The dingnun cume frone o polysome series which discusses sheet silimes. Se spentine,
ML’J(OH).S’E»O,, has curved sheels. The comucnl asbestos chrysotile is a sheet silicate, but the
sheats are rolled up hike-a lnl-u These tubes appear as .|hu‘x and they are usnally known as

“ashestos. o . .

What arc ashesloses? -
Asbestos is (he name .mpln,(l to six naturally occurring minerals lh.nl are mined from the cauth,

The different types el mbc»lo; are: Amosite, Chrysotile, 'hcmc!uc Actinalile, Anllu.phyllxle

Crocidolitc. :
Of these six, three are used mose communly Chrysotile (whuc) is the most common, but it is

not unusual to cncounter Amosite (brown /off-white), or Crocidolite (blue) as well. Asbestos
arc nopcombustable fiberous material, and théy have been used for termal insulation material,

DT PATEL ) 5 Deat. | VP . , ’ : .
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brake linings, construction material, and Tilters. When mixed with cement, it reinforee the
mechanicai strength of concret. It decomposes due to loss of water, and forms forsterite and
-silica at high temperature. -

Silicon dioxide - .

Preferred IUPAC name: - Silicon dioxide
Systematic name: -Silanedione
. Other names: -Quartz, Silica '
§ Gt Propertles:-. .-

; _AMolnrmr. S 6 0.0843 g/mol
o Appearance © 7 white powdc .
Density " 2634 glen’ -
~~  Melting point o UU1650(£75)°C .
© " DBoiling point™ o300 ¢ ' = A
Solubility in water Q.02 /100 m mL ' ' ' e

The chemical compound silicon dioxide, also known as silica (from the Latii .srle,\) is an oxide -,
of silicon with n chemical fonmula of SiOz and has been known for its hardness since antiquity.
Silica is most commonly found in nature is sand oi quartz, as well as in the cell walls of diatoms.

‘Silica is the niost abundant minceal in the Earth's crust.
Silica ‘is manufactured in several forms including fuscd quanz, Cerysal, fumed silica (ox
pyrogenic sifica, lrndcmnrkcd Acrosil or Cab-Q-5it), colloidal silica, siliea acl, and acroncel. In
addition, silica nanosprmna arc produced by the vapor-liquid-solid. method at teppeiatures as
- Jow as room temperalure. | : i
Silica is used primarily -in_the_production of window plass, drinking gelasscs, and beveraee
botties. The majorily of oplical fibers for telccommunications are also made from silica. It is a
primary raw matcrial for many whiteware ccramics such as carthenware, stoncware, porcelain, as
well as industrial Portland cement,
Silica is common additive in the production of foods, where it is uscd primarily as a flow agenl
in powdered foods, or to absorb water in hygroscopic applications, It is the primary comnonent
ol diatomaceous carth which has many uses ranging froin filtration to insect control. It is also the
primary componcm of rice husk ash which is uscd, for cxample, in fHilteation and cement
manufacturing. ‘
Thin_films of silica_grown on silicon_walers_via thermal _oxidation methods can_be quite
beneficial in microelcctronics, where they act as clectric insulatois with hivh chemical stability.
In clectrical applications, it can protect the silicon, store charge, Mock curvent, amd even act as a
controlled pathway to limit current Jlow.
A silica-based acrogel was uscd in the Stardust spacceraflt to colleet extratenrestrial particles,
Silica is alsa uscd in the cxtzaction of DNA and RNA duc to itz ability to bind 10 the nucleje
acids under the presence ol chaotropes. As hyirophobic silica 1t s esed as a deloa: vor
componcn( In hvd.a.cd foum .l l< u<cd mn loothpnw, as o hmd abrasive to remove lomh plnqnc
s e o, il b e s il et
: s, les iun J_natur; '-'_".D_(ZL'_’_Q'L‘_’_',}_’_
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Collordal silica is-used as. a wine and

.- "Withi the exception of stishovite
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Tewahedral slmduml unit of ;;ilicn (Si0y), the Lasic building block ‘of the mos'_l ideal ‘plass
former. In the vast majority of silicates, the $i atom ‘shows {etrahedral coordination, with 4

oxygen atoms surrounding a central Si atom. The most comraon example is secn’in the quartz

crystailine form of silica SiO;. In each of the most thermodynamicaily stable crystailing forms of

silicn,.on average, all 4 of the vertices (or oxygen atoms) of the $i0y tetrahedra are sharcu iwith -

others, yielding.the et chemical formula: SiOp- (this can be uriderstwod as cach’oxygen, which is

bonded to 2 Si‘atoms contributes 172 to the stoichiometry). ™ - : .
* The amorphous structure of glassy silica (SiO;) in two-dimensions. No long-range order -is
present, however there is local ordering with respe-t to the tetrahedral arrangement of oxygen
(0) atoms around the silicon (Si} atoms. Notc that a fourth oxypeni atom is boaded to éach silicon
;ug__c;m_,. c;}l!_)cr'bch_i‘nd the planc of the screen or in lront of it; these atoms arc omilled forc,laril)}'.
Sidy’ l:us":\_ number of distinct crystalline lorms (polymorphs) in addition to amoiphous forms.

_SiN, whits linked together by shared vertices in different arrangemnents, Silicon-oxygen bond
lengths vary between the ditferent crystal forms, for cxample in a-quartz the honid length iz 1617
pm, whereas in a-tridymite it is in the rnge 154-171 pm. Thé Si-0-Si angle aiso varies between

a low value of 140° in a-tridymile, up to 180° in f-tridymite. In e-quartz the Sj-O-Si angle is

1442, - . )

Fibrous silica has a s
" Stishovite, the higher pressure form, in contrast has a nutile like structure where silicon is =

coutdinate. The density of stishoviteds 4.287 g/em?, which compares (o a-qunrtz, the densest of
the low pressurc forms, which-has a density of 2.648 g/cm]. The dillerence in density can bé
‘nscribed to the incrense in coordination as the six shortest Si-0 bond lengths in stishoVite (four
8i-0 Lond lengths of 176 piwr and two others of 181 pm) are greajer than the 81-O bond:lengthi
(161 pm) i a-quariz. The ciange in the coordination incronses ihe fonicity of' the $1-0 bc’lid._ Bul

-

more mportant is the observation that any deviations from these standard parameters constitute”

microstructural differences cir variations which represent an approach to an amorphous, vitreous

or ulassy solid. . L - :
ifertite, stishovite, dnd coesite, on the other hand, have a higher

The high pressure mincrals, sei , on
density and index of refraction when comparéd. to quartz. This is probably due to the intense

compressian of the atoms (hat must occur during their formation, resulting in a more coundensed
slructurc. o ' ; N : il 4 el
Faujasite silica is another form of crystalline silica. It is-obtained by dealumination of a low-
1 ‘ A . o : N

sodium, ultra-stable Y zeolite with a combined acid and thermal

’ i t y .
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and fibrous siliea, alt of the erystalliniz forms hivolve tetshediml

uctyre sunitlar to that of.818; with chains of edpc-sharing SiO, tetrahedya, -

treatment. The resulting product



contains over 99% silica, has high crystallinity and high surface arca (over 800 m%/e). Faujasite-
silica has very high thermal and acid stability. For cxample, i maintams a high degree of long-
range molecular order (or crystailinity) cven alter boiling in concentrated hiydrochloric acid.

Molten silica exhibits scveral peculiar physical characicristics that arc similar 1o the oncs
obscrved in liquid water: negative lemperature exnansion, density maximum, and a heat capacity
minimum. When mclecular silicon monoxide, SiO, is condensed in an argon matrix cooled with
helium along with oxygen atoms generated by microwave discharge, molccular SiO; is praduccd
which has a linear siructure. Dimeric silicon dioxide, (Si0)2 has been prepared by reacting O,
with matrix isolated dimeric silicon monoxide, (Si202). In dimeric silicon dioxidc there arc two
oxygen atoms bridging between the silicon atoms with an Si-O-Si angle of 94° and bond length

of 164.6 pm and the terminal Si-O bond length is 150.2 pm. The Si-O bond length is 145.3 pm

which compares with the length of 161 pm in g-quartz. The bond encrgy is estimated at 621.7

k}/mol. ' ‘

Crystallinz forms of 5iO2

. Crystal symmetry
Form " Pearsonsymbol, "} Notes .
L group No. B ) ' J

Structure

rhoimbehedral 1 Felical chains making individual single
(trigonal) crystals optically activer a-quarts
Y. P3,21 No.t 52 converts o -guartz a1t 840 K

a-quarltz

T

closcly refated to a-quantz {with an Si-~

, hexagonal 0-Si anglc ol 155°) oplically
fi-Guanz hPI8, PG222, No 180 “.'ncﬁyc; fi-quartz converts fo fi-trichymite
: at 1140 K

T e

B = s 2 b SRR TS EN L <M

ortborhombic

e . mctastahle Torm under normal pressure
w-tridymite 0S40, €222, No.20 ' '

.

__Jl S
closcly related to u-idymite; [3- ]
ridymitc convals o B-cristobatie i

l:cxagonal

B-tridymite W12, Posimmc, No.
Jrd RIVIEIAN

. o —————— —— - —— 1 - — -

e o

S
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a-cristobalite b netastable form under normal pressure
'tHZ,P42|2 No 92 7” S . ., sy i :

——— i

cubic . ;L. closely fc*“.icd.‘ol a-cristobalile; melts at T
el 104, ld3m NO "27 1978 K, ‘ ‘

f-eristobalie

-

.
3
g TR
D

sodalit¢ caucs conncetedt by hexagonal
prisms; 12-membercd ring pore
opehing, faujasite structure:. -

(,ubu,
n,l576 ld3m No 277

[awasite

i . cubic (cP*, 4,32, . Sisom, Sig0;2 1i1igs mineral always .
~-jmclanophlogitefiNe.208) or tetr agonal f'ound with hydrocarbens i n mtcnslnlml
' (Plh/nbc) _ - spaccs-a clathrasil

It . - e e

. b . N . > ‘.‘ b..- . . .. v B ’ ® A
tetragon 1I .ol SisO1, S04, SisQ rings; synthesised|| 4
keatite L “,3‘( 1,4‘., 2, ,\',” 92 frotn glassy silica and alkali at 600— “
) Aol 9001( and 40—400 Mi’a,
B R
. monoclinic - and Si Ot ‘
moganilc . iS4, C2/e. Now I3 $igOyp and l(,Or_tlll‘l[,'\
I | ET e, 47--_-_:-_—J o 27 TEESUNTTETTT TR Temss e
' mondclinic -{1S1403 and S13016 rings; 900 }\ and 3—3 Sl |
cocsite |l 1c4s Co/c,No.IS  [IGPa.... . e
4 X _ J_:.___,___ . . I
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stishovilte

One of the densgst (together with
Telrn)gonnl seifertite) polymorphs of silica; rutile-
PG, Pda/mmm, No 136 fllike with 6-fold coordinated Si; 7.5 X5

GPa i

oststishovile
& oP12. Pnc2. No.30

orthorhombic

= |
|
Gbrous orthorhombic like SiS, consisting ol edge sharing
’ 0112, 1ham, No.72 chiins ’ '
. '";nc of the densest (together with
— orthorhombic @il mow” cxe - %5
seifertite stishiovite) polymorphs of silica; 1s
oP, Phen il ip
. produced ut pressures ahave 40 GPa.
Application.

Quartz glass When silicon Sioxide Si0, is covled vapidly enough, it does not crystallize b
soligifies as a glass. The glass transilion lemperalure ol pure Si0a is about 1600 K. Like most ¢~
the crystatline polymorphs the local atomic structure in pure silica glass is regular tetrahedra of
around silicon atoms. The. difference between the glass and the crystels arises in
the connectivity of these retrahicdral units, S0y glass consixis of a non-repeming network of
all the oxypen corners connest Lwe ncighbouring tetrahedra, Although there is
¢ glassy nenwork there remains signilicant ordering at length seales
wple of this ordering is found 1n the preference ol the

oxygen atoms

ictrahedra, where
no long range periodicity in th
well beyond the SiO bond iengih. One cxa
pehwork to form rings ol G-tetrahiedra,

Chemistry

trw
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. silicon is exposed 1o OXYLCII (or air). A-very shailow. layer. (npproumntc]y Vi oF 10 A) of so- -

: ﬂ“Cd native oxide is fonncd on the surface when snhcon is. exposcd o air under ambient
condit:ons. Higlicr temperatures and: alternative environjnents are used 1o grow well-c -oniralled.
layers Hf silicon dioxidé on silicon; for example it tesiperatures between 600 and 1200 °6, uslng

's0-called dry or wet oxidation with-O, or H,0; respectively. The depth of the fayer of silicon
rcplaccd by the dioxide is44% ol the dépth of the silicon dioxide luycx productd.

Altemative methods used to deposit a‘layer of SiO; include

‘e Low temperature u\l(lnlmn (400—450 °C) ol'.sllunc

o SIH4+202"" SlOz'f? Hzo :
*  Decomposition of tetraethyl or lhouhcule (T EOS) at 68%7’0 °C”

uSl(()C}Hs)q = SIOZ +2H,O+4CHy

"« Plasma enhanced cliemical vapor deposition using TEOS at nbout 400 °C

SI(OC;H); +12 0, — Si0, + 10 H,0+8 CO;.
‘Polymex ization- of!cuacthyl orthosilicate (TEOS) at below 100 °C using amino acxd as.

[

I (.ul.lly\( .
Pyro[,\.nu. silicn” (mmclum:s (.x“\ A lum:-d "lhcn or slllc:\ l\um.) which.ix . very (mc pmtmulnlc

- fom of silicon dioxide, is prepared by bummg 61(.14 An’ an- oxygen rich h)dn ocaﬂzuu Alame to

producc a "smoke" of 8510;: : : .
: QI(‘|4+2 Hz+02—'3101+’] HC’ . ¥

: Amorphous silice, silica gel,"is produced by the. acidifi cation of sdul:ons of so(hum szhcalc to
producc a gelatinous, precipitate that s then washcd and then dehydralcd to ,)roduce coloncss

i

* micropurous silica, v o : -
Quartz ¢xhibils o maximum soiubility in w.xlm al lLlllpCf’ltUl‘B‘: nbnul 340 °C Thls propcny is
"tised 10 grow single cnysmls of quarlz i o hydrothérmal process where natural quartz is dissolved -

in qupcrhcated water in a-pressure yessol which is cooler at the top. Crystals of 0.5-1 kg con be

grown aver a period of -2 n.nmlnx Thicse uv\lnls are a sonree of very pure quasty. for use m

_ electronic.anplications.
Fluorine reacts with silicon dioxide to, forn: \.II‘. iz Oa whereas the other Imidgc_n gases (Cla,

Brs, Ip) react much less reachily. _ .
\ahcon dioxide is attacked by hydsoiluoric acid ‘Hl)lo pmdm, bcxalluorosiiicic acid; -

' SlOz ‘+G HF — hw'}ll ot 2 HvO

1117 i used to remove or patiem \.uln on-dioxide i the semiconductor u-dn\!Iy .
S:hcon dioxide dissolves in hot concentrated alkali or luscd hydmxule

- 810y 2 NaQlf - » NusiQy 1 1,0, _
Silicon diovide reacts with basic metal omdcs (e.g. sodium onL polussxum oxxde lmd(u)
oxide, zinc oxide, or mixtures ol oxices forminyg silicates and glosses-as the Si-O-3i bonds in
silica are bLroken successively). As an cxample the lcacnon of sodium oxide and SiO,.can
" produce sodium arthosilicate, sodivm .\lll&.d(b...llld glasses, dependent on the proportions of
reaclants: : . ..
2 N0 + Si0; — NagSiOy;
"N O + S10y = N:aaSity;
‘ (0.25-0.8)Nay0 + Si0 = glass. SRR
Examples of such glasscs have commercial significance e.p. soua lime glass, borosilicate glass,
Jeand glass. In these glasses, silica is termed the nciwork lon

‘ Bundle of optical fibers compw.d of high punlv suhca

ner or Iattice furer.

22
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With silic‘;on at high temperatures gascous SiQ is produced:
SiO, + Si - 2 SiO (gas). '

Sol-gel: - : :
The 591‘&31 process is a wet chemical technique used for the fabrication of both glas:y and
~ ceramic materials. In this process, the sol (or solution) evolves gradually towards the for.nation
of a gel-like network containing both a liauid phase and a sclid phasc. The basic struc.wurc or
morphology of the solid phase can range anywheic from discrcte colloidal particles 1o
continuous chain-like polymer networks,P41>)

The term “collold™ Is specific to the sizo of the individunl particles, which nre greater than atoms
but smail enough riot to settle to the bottom of a container immediately. i’hcir dynamic behavior
is governed by forces of gravity and sedimentation, but may remain suspended in a liquid
medium indefinitely. This critical size range (or particle width) typically ranges from tenr of

angstroms to a few microns.

1. I basic solutions (pH > 7}
Particles like these may become highly vrdered in a manner s
precious opel. " :

2. VUnder acidic conditions (pl

. the particles may grow (o sulficient size to become colloids.
imilar 1o those .seen in

1 < 7). n morc opcn conlinuous. nehwork of chain-jike
poiymers is fonmed. Polymers like this can be vseful due to their viscosity, which allows
them to be drawn or spun from solution into fibers, or drawn as thin films into surface
coatings. Such glass fiber is usefui for guided Tightwave ransmission, with ccramic fiber
providing excclleat thermal insulation. : :

In either case, the sol evolves towards the formation of a Z-phase gel. In the case of the colleid,

the number of particles in @n extremely. ditute suspension may be so low- that a significant

amount of sofvent may nced to be removed initially for the gel-like propertics to be recognized. 7

This can be accomplished in any number of ways. The simplesi'method is to :llow ttme for-

sedimentation to occur, and then pour off the remaining liquor. A variable speed centrifige can

also be used to accelerate the process of liquid removal. ;

Removal of the remanent Solvent phase requires a drying process, which is typically

accompanied by a significant zamount of shrinkage and densification. Since the water will most

likely Teside within microstructural pores, the rate at which the solvend can be removed is
ultimately determined by the distribution of pore raom in the gel. Subsequent thermal reatment
(or low temperature sinte.ing at 500-600 °C) may be performed in order 10 obiain v higher
density product. With regard to methods of application: . e
|~ The sol can be deposilcd on a substrate to form a film using dip-coaling or spin-coating;
7. [t can be cast into suitable container with the desired shape; °
3. It can be used to synthesize fine high-punty powdcrs.m’””'

and low-temperature technigue that minntams a high degrec of

The sol-gel approach is a cheap | :
ol of the produet s cheneal composition em be

Thne it allows Far bl conly

CSSUS, ol thveshuent castimg matcoal, or as aomcans ol

chemical purety,
actunng {tl‘nu.:-.\
S

sed hin cermnivs il
i Tims or coatmgs.™

Sol-gel denved cn-mponcnls I:an: diverse applications m oplics, ?ICCll'on-ic.s__ SR G
chemical sensors, hiosensors, cantiolled drug release in medicine, and chemical

ular Tevel, Ceramic powders of o wide range of chemical composition can be

producing
physical and

scparation on A cell
\
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* investigated “cxionsively by Egon. Matijevic ‘und his co-workers. Tn the case .of chromivzm,
~aluminum, and titanium  salts, spherical particles were. formed ‘whereas. articlesz=pf
crystallographic symmetry resulted from solutions of copper and ixon salts. PAL7IEOI B
In 1956, Kolbe described the formation of spherical silica particles in basic solution. The
mechanisms of precipitation—aind the chemical conditions that skew the structure toward'lincar
ar branched structures—are the most critical isstes fcéd in the chemistry libaratory by sol-gel
scientists, Agoin, these are the factors which. will ultimately detcrmine the form of ‘the
microstructure qver a range of length scales'in the green or unfired body.” Factors, such as
* chemical acidily which lead to the formition of lincar polyme:s (as opposed to particles), are "
ideal for the formation of spinable solutions such as those uscd for the formation of thin films

~and-coatings as well as optical quality fiber. ' o : |
Biomaterinls, B : ' . s :
Silicitication is quitc common in the biological world and occurs in bacleria, sipgle-celled
_organisms, plants, and animals (invertebrates and vertebrates), Crystalline minerals formed in
this cuvironment ofien show cxceptioral physical propertics (c.g. strength, hardnéss, fracture
"~ toughness) and fend-to form kicrarchical structures that exhibit microstnictisral, order over a -
range: of scales. The minerals. are crystallized from an environment that is undcrsaturated with
.. respe-L 1o Silicon, and under conditions of neutral pH and low temperature (040 °C). Formation
of the mineral may oceur ¢ither within or outside ol the cell wall of an orginism, end specific
bicchemieal reactions- for' mineral deposition exist that . include - lipids, proteins, and
carbolhydrates. Silica is a matedal strengthener ol bone and can be fetched ir the triace silicon
compounds in beer. o o ' | |

-

\V - :Zeolite: -
B et Dy <l o0

eolites arc microporous. aluminosilicatc minerals commonly used as cominercial adsorbents,
The term zeolite was originadly, coined in 1756 by Swedish m.incmlugisl Axel Fredrik Cronstedt,
who observed that upon rapidly heating the material stilbite; 1t p.x'oduccd large amounts of steam
from water that had heen adsorbed by the material. Bascd en this, he.called the material zeolite,
o the Greek Gl (z07), meaning “hoil™ i Lidug (h'l/m.\')', mcufnng“'.slunc". !
As ol January 2008, 175 unique zeolite framevorks have been identified, and over 40 naturally

ocewrring zeolite frmeworks arc known.
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Zeolites nre widely used in
reprocessing. Their biggest usc
medicine and in agriculture.

Propertics: - Zcol; .

, suchpas ;\;:;g’ K’%C((;::‘-}?s :\:‘;’20' ﬂnggrglll}s s(mE:I!'urc that can 'nc'conuundnlc a wide v:tric'l_v of cations,
readily be exchangod fc;r o(hcrs" rers. Thesc positive ions are rather looscly‘ncld and can
freAnSinE. ehibogite. ol '1:1 ?_contacl solynon. Son.w oftl.'xc.mgrc comm(.)n.mmcral zeolites
mineral form'u];, e }\i-\ }\| ’op loiite, heulandite, natrolitc, pl.nlhpsnc, and stilbitc. An ¢ nmplg

: : NaAl2Siy0,0°21470, the formula for natrolite.

Natu.ml zeolites form where volcanic rocks and ash layers react with alkaline grouncwater.
Zeolites also crystallize in post-depositional environments over periods ranging from thoasands
to milllons of yenrs in shallow marino basins, Noturally occurring zeolites are rarely pure and are
contaminated to varying degrees by other minerals, metals, quartz, or other zeolites. For this
rcason, naturally occurring zeolites are excluded from many important commercinl applications
where uniformity and purity are cssential. ,

Zeolites are the aluminosilicate members of the family of raicroporous solids known as
wmolecular sicves.” The term molccular sicve refers to a particular property ol these matcrials,
i.e., the ability to selectively sort molecules based primarily on a-size exclusien process. This is

due to a very regular pore siructure of molecular dimensions. The maximum size of the
a zeolite is controlled by the dimensions off

TR e b it

_ ‘.”““)’ for water purification, ns catnlysts, and in_ nuclear
13 N : :

3 In the production of laundry detergents. They are also uscd in

moleenlar or jonic species that can enter the pores of
the channcis. These arc conventionally defined by the ring sizc-of the aperture, where, for
example, the term "8-ring"” refers (0 @ closed loop that is built from 8 tetrahedrally coordinated
silicon (or aluminum) atoms and 8 oxygen ntoms. These rings are not always perlectly
symmé!rical due to a varicty ol affects, including strain ind.uccd by the bonding between units
that are needed to produce the vverall structure, or caordin:xt.non of some fwfthc oxygen atoms of
the rings to cations within the structure. “herefors, the pores in many zeolites are not cylindrical.

onRS - -
gzr\;;ﬁ;m' open pit mining techniques in Arkansas, Idaho and New Mexico are used to mine
naiural zeolitcs. The overburden is removed 0 allow access 1o the ore. The ore may bC_bla.sted or
stripped for processing 2 using iractors eqbipped with ripper blades and fiant-end loaders. In
processing, the ore is crushed, dried, and milled. The milled ore may be air-classified as to
rticle size and shipped in bags or bulk. 'Tl.lc crushed product may be screened to remove fine
p?ﬂ;m! when a granular predust is requircd, and some pelletized products are produced from
malcri |
finc matcrial.

Currently, the world’
quantity, 2.6 million tons are

s annual production of nawral zcolite is aboul.4 million tons. Of 1this
shipped 1o Chinesc markets to'be used in the concrete industry:.

' . VWestern Lurope, Australin, azd Asin e world Jeaders in .\'u,.)plyin;_: the world’s
Castem LafoRs -l zeolite. By comparison, only 57,400 mctric tons of zcolite (only 1% of the
dcm;:;}d :3;,2ilgu;;‘roduclim;) is produccd in North America; only recently has North America
world'5 ¢ : ‘

calized the potc.ial for current and future markcis. (

yCih e s stic zeolizes that Torm by
. o eevernl types of sunthetie zeolre ‘ 3 \
Fhere arc ,c“,vu :" yiln the presence of aikalis and organie jemplates. One ol the iportianet
silica ""l"‘""""' ”Lm“_ cut zeolite symihcsis is snl-gcl processing. The praduct properiics depend
processes Uset ‘!0 ‘ cgmposilioﬂ pH of the sysiem, operating emperatnre, pre-reaction ‘scedimg’

1 nxtiye ’ . {

on reaction i e as well 85 the templates used. In sol-gel proccss, other elements (metals,
1me, fCBClIOll 1 4

a process ol slow erystalhization of a-
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S jnlhenc 7eollles hold some Ley advantaoes over their nalural analogs. Thc :yntlieucs can' of

.l.OlIl.\c be manufictured in wniform,” pllu\b-pun: state, 1 s also pumhl-' > winufclure

degirable zeolite structurcs, which do not nppénr in natirs, Zeolite A is o well-kinwn. gxnmp‘u.

Smu. the principal raw wiaterials used to manufreture zeolites are siliear and .1lumma whlch are |

- among the most abundait mincral componenls on carth, (he potentinl to .mpply a.ohlcs s
©vitlually unlimited. . Finally, zeolite manufacturing processes cngmocrcd by man require

;sngmﬁcantly less time than the 50 to 50,000 years prescribed by nature. Disacivantages include
the anability (o ereate u\'.\l'llx with dimensionis of o comparnble size to their nybirn] mugﬂcil"”‘-";_ P
Uses e '
Cmnmcl cial and dowmestic _

_ Zeolites. are widely used as fon-cxchange deds in -lomcalw and commercial water purification,
soltening, and other applications. In chemistry, zeolites are used to separate.maoleeules {ondy
malecules of certain sizes ind shapes can pass throuph), as taps for molceules xo they can b
analyzed. Zeolites have the potential of providing. precise an:l specilic scpuration of pgases
inchiding the removal of H,0, CO; and SC; from low-gradc natural gas sticams, ‘Other
separations include noble gases, Ny, O, frcon and formaldehyde, Howaever, at pnmcm the ue
potential to improve the handling of sucl: gases in this manncr remains unknown.

Petrochemienl industey : A
Synthetic zeolites are widely used as cat; ysts i the petrochemici indusiey, for instance in Muid
Lalldl)’llk. cracking and hyglm-u.n,l\m;_., Zeulites conline molecules tn simall Spaces, w‘nch causes

- cheinges in their structure and reactivity. The hydrogen form " of zcolites’ (prepared by ion-
exchange) are powerlul sotid-state acids, and can Facilitate a host of acid-catalyzed reactions,
such as isomcrisation, alkylation, and cracking. The specific activation modality of most zeolitic
catalysts used in petrochemical dpplxc.xl;onb involves quanlum-cl'cmluul Lewis acid _ site

reactions. Catalytic crncknu. uses a furnace and reaclor, First, erude oil distilintion l'rm,h'mq s
heated i the furnace and passed fo the reactor. In the reactor, the crude meels with o cataiyst

such as zeoliie. It goes through (his step three times, each time gewting cooler. F inally, it reaches
a-step Lnown asx s spactor, The separtor colleets xu,yc!uf hydrogen, Then it poes lhrou;..x. R
fractionetor and becomes the Im..! ifen. :
Nuclenr indusiry - .
Zeolites have uses in advameed reprocessing mulmd\' whu their micra- -parous ability” (o
capture: somie ions whiwe altowing others to poss freely alfow many fission producls 1o be
efficiewly removed from nuclear wastc and permanently trapped. Equally important ere’ the
mineral propertics of zealites, Their slumino-silicate construction iy thll.l]l(,ly durable and
resistant to radiation even in porous form. Additionally, once they are loaded with trapped fission
pruducts, the zeolite-waste ¢ombimation can be hot pressed into an extremely duiable ceramic
form, closing ihe pores wnd trapping the waste in a solid stone block. This is o waste Form factor
that greatly reduces its hazard compared lo corventional reprocessing syslcms.
Heating and refrigeration '
Zeolites can be used 1% solar thermal collectors and - Tor-adsorption relvig geration. I these
applications, their high heat of adsarption and ability to hydrae and dehydrate while maintaining
structural stability is exploited. This hygroscopit property coupled with an inherent cxo!hcrmxc
(heat-producing) reaction when transitioning from a dehydrated 10 a hydrated lmm m.ukc nnlurnl
zeolites uselul m harvesiing waste heat and solar heat cnu&,y : o
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Detergents
The largest single use for zeolivc is the global laundry detcrgent market. This
million metric tons per year of aniydrous zeolite A in 1992,

Construction

Synthetic zeolite is also being used as an additive inthe production process of warm mix asphall
concrete. The development of this application started in Germany in the 1990s. | helps by
decrcasing the terpcrature level during manufacture and laying of asphalt concretc, resulling in
lower consumption of fossil fuels, thus releasing icss carbon dioxidc, acrosols, and vapours.
Other than shat, the use of synthetic zeolie in hot mixed asphalt Ieads (o casicr compaction and,
to a certain degree, allows cold weather paving and longer hauls.,

When added to Portland cemcnt as a pozzolan, it cun reduce chloride permeability and improve
workebility. It reduces weight and helps moderate water content while allowing for slower
drying which improvcs break strength. ' '
Genistones '

Thomsonites, one uf the rarer zcolite minerals, have been collected as gemstones from a series of
lava flows along Lake Superior in Minncsola and to a lesser degree in Michigan, 11.S.A.
Thomsonite rodules from tiesc areas have eroded from basalt lava Hows and are collected on
beaches and by scuba divers in [.ake Superior. ; L

These: thomsonitc nodules have coneentaic rings m combinanons ol colors: black, while, orange,
pink, red, and many shades of green. Some_nodules have copper inclusions and rarely will be - -
found with copper "eyes." When polished by a lapidary the thomsonites sometimes display
chaloyancy. 3

Spacc hardware testing: - Zeolites can be wse.! as a molecular sicve in cryosoiption pumps for
rough pumping of vacuum chambers hat can be used to simulate space-like condicions to test
hardware hound 1or space. R S ' g

‘Medical: - Zeolite-based oxygen concentrator systems are widely uscd to produce medical-grade
oxygen. The zcolite is used as a molecuiar . leve to create purified oxygen from wir using its
ability to trap impurities, in a process invoiving the adsorption of nitrogen, lcaving highly
purified oxygen and up to 5% argon. ' ‘ _ .
QuikClot brand hemostatic agent, which is used to stop scvere blecding, contains a caleiun-
loaded form of zcolite. , ' 8 = ‘

Biomedical applications of 7eolites inclide (heir usc as deloxicants and decontaminants, s

-vaceine adjuvants, and as antibacterinl agents They are also used lor delayed release drug
in hemodialysis, 10 improve bone

amounted 1o 1.49

delivery, as antitumor adjuvants, as anzidiartheal agents,
formation, and in t1.c treat.nent of diabetes mellitus. '
Zeolites are used in the treatment of Lyme discasc, as a detoxifier. . o
Use ns nulritional supplements: -Zeolites nre usel nx m_nlmmn.xl‘ :\up-")lu.lnuxl.\ St
clinoptilolite-baszd dictary supplements lave demonstrated antioxidant activity in humans.
Agriculture | h

. . PR H . cenrrine zeolite) is used
In ngricultuie, clinoptilolite (a naturally occurrng zeo ' BEs " e
a source of slowly rclcased potassivin, If previously 10““?" with t;”“”f’:“"“’:ﬂ; el brs

it : act as watcr modcralors,
serve a similar function in the slow releasc ol IHlI'OSC”',ZCOML.S lel ‘?lsollqc cleasce it inder plant
in which they wil; adsorb up to 55% of their weight in waler I:m( .s,()“ y reicin i
' aht cycles.

deinand. This propeity can prevert rool rot and moderate drought cy

Animal husbandry

as a sorl treatment. pi'm!ll‘b'»\'

\
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"Bath naural and synlh«:tic_;}\:gilli*é'.‘\"l'x:u\'kr been in:«_il",iu.:'n.u'i"_n:n:'.l; nastrition einly b fmprave
perfornaee tritts and, based on their fundamental physicochiemical properties, they .were also.

. - S .

tested and found to he cffieacious in the prevention of .ammonkl and heavy metal toxicitics,
poisonings as well as radioactive clements uptuké and metabolié skeletal defects. S
In concentrated animal growing facilities, the addition of as litdz us 1% of a very tow sodium -
clinop.iloite was shown lo improve feed conversion; reduce aitbome ammonia up to 89%, act as
& imyctoxin binder, and improve bone dcnsity_.“f‘-_ It con be used i general adar elimination for
all antunl ndors. . ’ ' :
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celluloss twhich is very siable towards dilute acid:
Is obtnined a5 2 whire emorphous mzss,
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le In wwager angd uses

conoss:

organic salveats. It, however, dissolves in zinm .ur'.i- sl
hydroxice selution. On careiul hydrolysis celluiose gives cziln-
biose which on f{uriher hydrolysis gives D (+) nlucovc which
exists in the .,—fo.n. Ceilulose is, theielore, composed of D ’+)
?1]11095: uniis (f-form), ..'1d its structure can ‘be reoreasented s
ollows - : -

'CH,OH
I
H/ T AN
8 R I
\OH H /L,’—Q*-C‘
.

H.

.i
H oH

R " 3 H -
2 . C 3 vy Crime
. i H 05—( /
- - L Nt
"’."O C . C/ =
1 ‘:, l
_OH H

A mixture. of concentrated sulphuric acid and aceric

anhydride converts cellulose ints  the ocracerate of cellohiose

The octacetate on hydrolysis gives celiobiasa. Tils

reaction has an )mport:m bearing upan the clucidation of the
structure of celiulose: .

Ritro-celiulose (cellulose nitrates) ¢ \Vhen trezted with
a nitrating-mixtere {HNO,+H,80,) cellulose gives a trinitrare.
Ezch glucose unit jn cellulose has oaly three free hydroxyi
groups 2nd hence the highest nitrate ester-is a trinjtraze.

Cc]lLlosc trinitrate ' [G,H,0,(ONO, )al, s me'O\'cd under
the name of ‘guh-cotton in propellant  explosives and for
blasting. Gun cotton -burns with extreme rapxc]n)' but explodes
when dctonated. A development of great importance is the
use of gun-cotton z2nd pyroxylin in the producnon of smokeless
powder. .

If a dilute miu re of nitric’ acid-and sulphuric acid ; is used,
the mono and di-niirzte of cellulose are lormcd Thcsc
v o

. -

are
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r und e pyroxylin
r under the name pPYrox 3 s
' suck a‘solution bein

Wi

grouped togeth .
-ir. a mixture of aleohol and ether,

émd dissalve rcadﬂy
g known

25 colledion. : ' .
Cellobiose : It can bec prepared from CC“‘:‘]OS_‘? b‘

2ccivlatinz pure cellulose (e. gl ‘goed flter p,?.j*-cr) .\\,‘lthiacc:lc:

arnhydride in the presence of concentrated sulphuric _acffd-z:gd
: ‘ s formsd with

hycrolysinz. the ocla-acetdté of cellobiose  thu
potassiurc h}'aroxidc.' - o

Ceiloziose is 2 white crystalline solid (M. P. 225%
soiuble in water and is dextro-rotztory. /On .._h)'drox_}i;i:§_}’.‘if}h,: :
dilute acids or by the enzyme emulsin-, it gives two molecules
{D{~=" giucose. It reduccdy zmmoniacal silver aitrdte anc
Fehling’s. solutions, It ‘forms 2n oxime and an, ciazone and -
tadergos: mutarotation. Its swructure s represented as showa
below, d : . : _

CHoM e: : M ow

Qellobiose

Mnt such as alcohol. - It is used ay a plastic k;;'n
readily T¢ has; Fiot e
= ¥ ,.mculdcd at 80°. It has; however, the disadvantage of
cing dangerously infa ble. ' Pyroxylin ] sed Im
: Sea mmabie.  Pyroxyvlin is also useg in - the
manulacture of lacquers, particuiarly for motor cars.
Artificial Siilke :\J Aceraze Sipi > g B
ific idde 3\ 4 cetate Silk : When Hulose j.
treated with acetic anhvd id i the poes I8
fheated . nhayande and acetic acid in the presenc
Hu}p uric acid or zine chlor'ide, cellulase ig coﬁvertcd——.' S
2:; ulose wiacetate, Th= triacr:tate is tl'zcn.h\'cirolysed to ll;nhto
diacetate. The diacetate is then washed, drieq and dis l. 1
e i T 1 * X
:Z”a mixiure ot solvents, the main constituent of which is iy
. D) n A o bt 1 i = ‘ : e
¥ ._cct‘.,n,. The Syrupy solttion is thep forced'thr; gt;:}nc
_ spinneret mo a warm _-chgrql_&cr,.whcrcupon the solvent. % a
rates leaving behind fine "threads o['-c.clhi]oce' acr'{a";
. - LA

\/ Dld I ~d )‘ a - ==
- b

‘ 1S o “Celbiy! i
flcctat.c.{s..b.} passesses a gaad lustre ind great tefmeir .u]os.e.
< b R0 AT . . . g flacity angd
. msensitive 0 moisture. This silk burns with diffig Iy, I3 “n 1S
N 4= 4Ad0wever
- . 0 >

1t 15 less readily dyed than ra on’

@ ca - . see below), It e also costly.,
oprammonium  process (cupra sill Y: 1 -

process ceilulose is dissolved in a2mmon;j ° onoth

:;Iun_og. The solution of cellulose thys obtained iy (oo

rough a spinneret into a Slllphu-lc acid B ..ET‘_';_-

- is precipita;ed as acid bath when ¢
* precipitzied as'fine threads, Cuprammonium si)

) S . LR

tvely ve'r cheap.
‘ (3) Viscose S; gy - : e :
with 3} cence & qu"'-(r?yon} * When cellulose - 5 treate
dioside e cr;tratc:d salution of sodium hydrovidé and” c I:Cd
B ass: <IN . N : . A - . Ca_r
P MO I, sedium cellujose Xanthate sojub) on
" = € 1in

sodium hyvdroyide s formed.

(Arny
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This alkalt /
hl .
vircosity (hchc N »lution of celivlose xanthate has a higb
Thi allialin ¢ he name fthe pl'uccss as \Iscose pPOCCSS)
allia seliatim 1t
ich ;a cd clutie:, is then fo-—ccd i "ougn a spinneret into &
< D“"" whereup 6
< o) e nc
threads, n CCI ose is precipitated as
Cellophane:

an acid bath, When viscosc soluTion is passed through a narrow slit into
are coated cellulose is pr ccipitated &8 very thin sheets. 'When these sheets ©
wita nitrocelivluse Tacyuer, they become moisturc-prool.

ha:c(i:”u}mc cthers- 2re obiz.ned by the interaction of alkyl halides or sul-'
zrc r with cellulose in ¢he presence of alkali. Some of these ccllulosc ethers
ol great industria)l imrortance due' to the instzbility and rcs:s:ancc 16 che-

mical attack. The most irzportant ones arc cthyl-ccllulasc and benzylcéllulose. .
~

Paper : Papcv' was [ormerly made from lxncn waste Now
most of the paper is made from wood-pulp. - . There are two
main processes in wse : (1) the caustic soda process and (2) the
sulphite process. YL Ll : S

(1) In the ciustic soda. process wood chxp; are boiled in
iron vessels with dilute caustic soda for scvcral .hours under &
- pressure of 6-8-atmospherss and at -a tempgrature of 160%

- By this treatment.comzounds collectncl; known as, lignin are
-removed. The pum is then washed with water: and worLcd up-
for mang papcr. : :

{2)  In the sulphite proccss woo&* ch:ps are dchstcd at’ 3
N 130°-150° with an aqueous soiudon of calcium and - magncsmfn e
" bisulphite. Thesc reagents also’ dissolve hgmn wzthout dom"' _
.any harm to "bc c"lh.losc fbre. S : L

: '-ﬁ"‘.":'

‘Starchk : Itoccers aln.nd..ntl\‘ 2s 2 reserve food carbohy-
.drate in  the tubers, sceds and- fruits of many plant, The
rich sourcc of starch is potatocs inaize, whcat ‘etc,

Ma.nufacture of starcb. %ﬁ: proccss mm;sef LN
.F' starch is mainly a muechanical scparation of starch from other I
assocxattd matenals ‘the source -and differs in 1nd:v1duai

—

cases. In Amcmca the main source’ of starch is maize wmlc in

'S

sther countncs potato, rice ar whca.t is used.

Crhe steps In the isolutli;,n of starch from corn-are describegd

below. S

Lo .. o
. g . .
U - .

C'Q_x-_n' is’ ﬁrst s:ecpcd into -warm water contammg some .
sulphur dxomdc which prevents the fermentation, . This cauies
——

the hull to swell and soften, The _stecped corn is then passed
through a mill that ruptures- the hull without crushing the germ
(germs contzin a high percentage of oil). The germs ave then
separated from the starch 2nd hull fragments by a foatation
process. ~ After this the product is filtered through fine sieves,
when starch granulc:. pass through and other materials are
rctained behind. The starch is then allowed to settle.

It is =
then collected and dricZ \::h hot air. - Simnilar rnethods can :
red for prepar :
be cmDIO} preparing starch from wheat, rice, etc.
sy . B
a¥ A i - E
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Properties : . Starch

without zny tese p¥ smell.

Poiatc <1arch g-amdefs. fo" e_\"'np‘e, arge
among the larges: In eize, whereas rice starch hasa \cr) tny
granu'l:s.

source of

-

Starch is ingoluble in water but when heated with water, .. -
the granules swell =p and burst forming an opalescent solution.
When starch is trezzes with cxlute '1—-10“ ) hvdrochloric “acid
for saveral Qave. it ir converted into a scluble variety and it
dissolves easily iz water 1o give. 2 clear solution. Soluble

starch can also be prepared by heating it with glycerol. Starch

consists of two fraciions (1) o -amylose or granulose and’

(2) B—amvlose, starch cellulose or amylopcctm- It is
. which 1s soluble in water which gives

iodinie, The colour is due o0 the

« -amylose -
a blie colour with
'bsorp'tioﬂ of lodine on the -
surface of the swrech and ot to the forma.non of any decfinite
compound. . Amvispectin - is msolublc in watcr and gives red

colour with iodine. ol —Amvlose a,na g—amylose, both,.can be

hydrolysed t. malosc by - the enzyme: :.’uastare, and to D f+)
gluco se by -dilute 2zids, -

Tbc struciures of «-amylose. and S—am}mac are not known

exactdy;“but it is beleved that am;!osa consitts of long chains

of. giucos\_ units joired as < —glucosides. The most generally

accepted structure {or B-amylose 35 a branched chain structuce
“tade vp of glucose .nits.

The strucrure of o(-am)jlose and %-amviuse can be repre-

sented as follows , - _ - : " )

OH.
CH,OH
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Uses of starch Starch is a very valuable comimgreial
comrnod:tv Starch is used as a ﬁourc--o!‘ ql-xcose lhat can be

used for the prcparat. on of viaegar or as a sw cp:c:ntng mrcnt
Laundry starch is a very familiar material aud it can be uq"d
the manufacwure of adhesives. It also

== as a sizing agent and in
raw materials jor the manufactuve of

forms one of thc basic
cthyl aleohol by fe.u.nisiion.

Dextrins : Dextrins are formed by the partial hydrolysis
of starch by boiling with watwr under oressure at  about 250°,
They arc also prepared by healing starch with water containing
2 Httle nitric acid 2t 110°. Dextrins contain amylodexirin,
soluble starch, Achroo-dextrin, crythrode*{trin etc. They -are

white pcirders and are  used for making adhesiver :=.;3r_{ ooy T-c-
tionery, for sizing paper, ctc. :
Glycogen : Glycogen is a reserve carbohydrate of the
*. animal .organism, where it'is found in the liver and the
mu.sclc.s. It is a white amorphous powder which dissolves fairly
easily in hot water and does not form a paste like starch. The
solution’ is dextrorotatory, the specific rotation being alrnost the
same as starch ([ <]p = + 198°)

In its chemical behaviour glycogen sho'.\s a: consideraliic
resemblance to starch.. Like starch. it can. be readily hydrolysed
to glucose by .dilute acids. The enzymc diastase converts u):“
maltose. -Glycogen is, therefore, supposed to poss e
similar to starch. possess a - SU‘UCturc

Inulin : It occurs i l : ' :
- I many piaats ¢. o i
. T - 2.1 the root
d?nd]cl'xon 'and in the tubers of dahlia. It is o White gt of
dissclving inn hot water like starch. The soluti Byt
tion 1s ]"-"'OI'O‘a;ory

v colouration with

f 2720 —— 20>

([ <] = 38%). The solution does not giv
;“O"‘. . C 0
soaime.

Bty gm fif - ‘@; & -
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On hwdrolysis by dilute acids. invin give D “—) fructose.
. ° il : o7y L o Tee . ’. [ W . s 5 St
"o molecular weight datceminatiosts. give sovihie of abour 5000,

T s B stene wagpurespomt wich ul‘u,nt“}gii&ilj-r
«. = i ' ‘i 3 : ‘r, A AR T R

i3
-t

Raw starcﬁ is stalﬂ'éc'c01‘dinfr to the raw material from
which it is made. Corn starch is sold as boti.pearl starch, a-
granular form, and as powdered. " The latter is shglitly mort:
expensive. Potato starch is sbld‘as,clomc_stir ol imported:
Rice starch is produced ‘domestically. Wheat starch is offered”
as thick-boiling starch, which, gives a heavier-paste for a given
~starch content. Laundry starch .is usually raw’ corn’ starch,
often sold in lump form. It js first shaped into blocks, by let-
ting the starch liquor drain in boxes having perforated bottoms
cevered \'\'ith:ﬁlter cloths. The blocks are cut nirto sections and
partly dried in.a \\-'a;-mvcham’_bbr." The/Brown crust which
lorins is scraped off, the blocks -i.'.'rap'pcd in paper and allowed
Lo dry very slowly. T_lic, blq,cl—;s:'hrc;\‘k ixp of lhénuj.-:lvc;. into
irrcgularly shaped forms . termed Merystals” by the. trade.
Starches are a}so used for the manufacture.of glucose, i'rﬁhp;-.pé:r

sizings, i adhesives, in cosmetics, and as fiilers in varied food
products, ) y B ' . ) o

- Sago is a granulated: or ground starch prepared: from the
crushed and washed pitl of the 'sago palm, Aletroxylon! i pee
or Metroxylon rumplii; and from the trunks of several’ otiler
palms and cycads whic_‘:'h,grdf\\;"'_ in’ the Ea:sf’f*lllh'diésf Fnd the

Philippines. When finely powdered it is sago flour. - Thé uses
parallel those of othcr's!archk—?s,_ as a-textile 'siiii1g an}il in the
gSantiacltuare or preparation of food praducts. A form, nf
= pudding from it is particuiarly well known, R
' Tapivca scarch is the starchy {rom the Brazilizn AIrowWroot,
usually Monihior wiilissima. It is alsz called cassavp stéréh,
and the roots from which 3t is produced.. cassava voots, 1
finely ground-forny it ix Kkstowis as tapioca flour, i_'n las 2o ;-.-;-_:1_
ules. t=uallyv of anform size. it is tapioca. “L'he uses are situetaee
ta thase of ather starches, and inctude in the tropics, manuiae-
ture of cassava bread from the flour, S .
Iodized starch or starch iodide is a dark-colored starch pow-
der containing 2 per cent of icdine, It is used v mesdicine as
a2 cisinfectant and iteri:al and extr.nal antiseptic. The British
pharmacopocia increases the jodine content to 3 per cent.

Thin-boiling' starch or soluble starch is 2 name {or products
obtained by a controlled hydrolvsis of «carch. They are pro-
duced by acid treatment at a defnite pH with temperature
control. Since tl’?‘g‘.;:prdccdm'c,_répricsents a ‘mild degree of
hydrolysis the products may contain some dextrins, -
i Chlorinated" starch or oxidized starch represents a further
degree ot hydrolysis and is usvally obtained by treatniént with
sodium hypochlorite. : : o g s
| B o N Scanned with CamScanner




ALCOHOLS
- v S
Gharacterized by the pres:.
ogen of the hydroxyl
s as in the formation

Alcohols are orranic cempounds
ence of the hydroxyl group., The hydr
group may recact to form new compo’un(l
f’f alcoholates or-the hydroxyl group may react as a whole as
m the formurcion of esters. The o:'éanic radical may be yers
simple as in methyl alcohol, or highly complex.as in geraniol.
IE may be saturated or unsaturated, straight =hgin or cyclic.
Hi5 c?fclic, the hydroxy! groug eccurs in the side chain, Aro-
matic compounds which lave a hydroxyligroup attached to 2
ring carbon atom arc pliznols. These differ in properties from
aleohols,: -An  alcohol may cont:\iﬁ 4 m(';x"e than .ons ll)rdfox}'l
group, such az glycal with two, and glycerol with three. Scign-
tific usage attaches the “cl” cnding _ib_iﬁ'"-ﬁc‘lte that a compond .
is chemically an hydroxy! .derivative, al:thnilgh'ihdustxfia] usage
frequently ignores this, as in using the term “glycerine” instead
of “glycerol”, - - ' '

The niost .common aleshol,
portance to water as a solvent an
same position in organic chemistry

ethyl alcohel; is next .in in-
d may be said o occupy the
a1 waler tices in inorganic
chemistry. When only alcohol is -speciiicd cthyl alcohol iis
meant. . The subject is c_or.;plir::\,fe’rl' by tne fact that the same
compound may be an alcohel and an acid, w1 an sl ane an
alcohol, or may contain cven ~nore complex combinations. I
classifying these riixed types of compounds. they lave beemn
placed according to the chemical property which appears most
important in the major-usc of the m'gterial. AL -
‘Tle carbinol type of nomenclature is based ou nepresenting
alcairals as suhstituted methyl alcahuls. Thoes nw'lhyi'_nlco'l:oi'
ie carhinol, L1 SO, methye carbinol is CHCH.OH, one hydro- -
cen being replaced by CHa. Similarly, -dimethyi carbinol is
(CH:,,}gCHOH, trimethy! carbinol (CH;);COH, and methsyl
propy! carbinol {(CH3) (Ci.}il)_gl;},c_)}_{_:_. _ S :
'Me't'g}-’l' aléo}iél, methanol, wood a'&ﬁcéhc‘inéruwo‘od 'sph-—i*,
CH;OH, is the simplest possible representativ'&: of the alcohot
class, and is miscible with waler, alcohol or ether. Ttisa caolee-

less, limpid liquid. A chuiracteristic -odor usuall azsocicted
with itis largely duc to impuritics,-and nodihed but unot
climinated when the alcohol is pure. The historic mecthod of
manufacture perpetuated in the name wood spirit, is by de-
structive distillation of wood. The distillate also coTitaina
acetic acid, acctone aad mcthyl acetate. After necutralizing
the organic acids with litne, the liquid is again distilled, dried
by treatment with calcium chloride and fractionally redistilled
to separate othervolatit~ suhstances present. The major mod-
crn method of preparatian is from carbon monoxide by reaction
with hydr.gen under pressure in the prcsence of a catalyst
said to be composed of zinc oxide and chromic-acid. Hi'n'j'hc[:
alcohols and water are prodtced at the same time but n-n;h\-l
alcohol can be scparated from these by fraction:.! distillation:
. Grades. sold are natural crude; denaturing grade; -pure
patural or synthctic; 97 -per- cent, natural or synthetic; :mdr
95 per cent, natural or. synthetic. The pure is n?ormuni\" :-uur-
anteed to be over 99.5 per cent. “Phe balancefn all cases i
largely water. A Gelinite trend to tiie use of the term mtt‘h.a.nol
¢ than meth ! alcohol or weod:alcohol is 2ncourased in
-yt 5 2 - . LS 14
o avoid confusion wicth alcohol, meamngy ethyl gl-

rathe
the trade, t
x
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Recause of its poisnnous nature, methanol is a major
sirant.for ethyl alcohol, 1o At 'rioxu?ota-hl'c amed there-
ey kSl B W g 3 SR I Y o
3 > R ¥. 3
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ﬁa.t Hamperthe userof tlis latté . :ﬁﬁ‘erbfgrﬂ itis frequently
substituted as a solvent where possible. It'is a ruw wmate.ial
for: the manufacture of formaldehyde and many synthetic. or- -
ganic chemicals. A-minor use is #s ~*fuel. Another important
application is as a radiator anti-frecze, where it replaces a
greater weight of ethyl alcohcl requiréd for an equivalent

lowering of the freezing poihvt, o g e
—=---- . Ethyl alcohd], alcohol.or ethanol, C.H.OH: is a ¢lear color-

- less liquid of characteristic odor when pure, miscible with
water and ether, - Coruu.~rziclly it is produced in enormous
quantitics from molasses, « by-product of the sugar industry.
This is fermented with veast, and is é!assed aé molasses _»glcpilol.
from its source. Alcohal is also nroduced by fermentation of
starch from grain, and called grain alcohol.- This term' is
sometimes iucorrectly used as a synonym for eyl aleahol, -
regardless of source, The fpflnxcniat'ion.-}'ields as a by-product '
A spent ‘mash which is higlh in.proteins, containing: nearly all
of the protein of the originai grain.. ' In the process. the starch
“is first hydroiyzed to sugars by ‘the yeast, and these., ur_c,_-i;l_-g’:}écf

.

on by another ferment of the yeast Lo forin alcohol and carbon -
diD:SMC_- Xherélore the industry is a major souvcé of snppl:' '
. of the by-praduct; carlion Hoxidle, ” Aldohol has'een produged
by hydrolysis of wood cellulosewith acid to formysugars, whicl
rre then fermented. Synthetic'ethi] ulcohol has also been ;iroQ ,
duced by the catalytic uniog of ethvlene and water. Tu all cases
s purified by fractional distillation, sdmetimes nizo by treat- ~
sent with activated carbion.’ Distitiation Hirot,:‘[gh an é{iicicnt _
fractionating column yickd: a constant-bollig miNture wirh
water, containing 93 per cent of alcohol and 5. 'ﬁer- cent of water
by volume. This may be refined to abs3lale aleohol by adding
benzene and distilling. a ternary bcuzénc-a!coho!—\\‘a‘tcr_ coﬁi
pownd hring separated in the-distillation. Gracting is on o basis
ol the proof gallon whigh contains 5S¢ ner cent of water a'z‘l,d S0
per’ cent of alcohol by volume.  This abzolute alcohol or ap-
hydrous alcohol is 200 prouf, or 100 per cent pure cthyi kﬂcoho!.
Aleohiol is quoted us 190 proof, ancl.absolute, with the addi-
tional designalion as froni_gmiu,' from -molass~s or synthetje,
This designation of the source is not hecause of d'is_l?iuéuiﬁﬁl_;_]‘c
ditfTercences in the proclnct_.-:;Ithoug.h.salcsmcn for alcahol some- -
times contend that sucl? differences.are detectable, bul ecause
of government restrictions. The U.5.R. grades for these con-
centrations correspond to not less than 94,9 per-cent by volume
at 15.5% C. for the ordinary grade; and nat less than 99 por cent
by weight for the absolute. Grain alcahol commands a pre-
miinm and the Lw requires that it be used in manulacture of
potable beverages. Phe use of alechol is hedged aboug with
many governmental restrictions as to permits.  YWhile inher-
.ently ‘not a very expensive .:l!ﬂnl._c-nj_igl;___}y_'ll_c_ll_» not dliiturel!
c¢thyl alcohol is subject to a tax which s often 90 per ceviiaf
the selling price, which makes it expensive. . '
- Tax-paid alcobnl is used in m:l‘.;ing'ﬁavdring cxfracts, which
arce usuxlly aleohalic solutions of essential oils or other flavor-
ing ingrcdir:pts. It is used in perlumes and in H{ﬂ} medicines,
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;—lol:cmt::;;‘c]“t'::;uf‘;‘; iS. usre(_l'to xl'it't'ei'cnt.intg an alcoholic c:'.\'tr::-c-t
P "nr;; '.in m SO.l.lllO-H.S in _ut.hcc'solvents. Other m:puf_-.
cellitloid and " Origa_jn-c s\ nthcb:ns, [.01_'-.t_hc :\.-,a'n..f:lcluu-: U?
& SRS T C};'p i}:_‘t'l'c‘s,inj. antiseptics ﬂlld.dlSlIIFCCltlllta, as
SEF .for.urg-:'"}-" particularly-shellac, and m.'gex_’lcrfﬂ as the
organic Sul)'bt‘—ln‘lc s:,tlbstallce_s. |31Ll_clrzts:-"w§1ter is a soly .
i ke St nces., Auromobile-radidtor qx;t:freczc use con-
s large volumes.  Its uge as a hlend with gusoline as a
motur_.[_uel has made substanzial p.r‘ggrcss ii'n Europe wnd 'to a
lesser extent in the United. States. The-anhydrous grade is,
mecessary for this"and buty | alcohol nmiust-he added as a mitual. ",
“solvent to-prevent séparation into Tavers in-the presence of a
small amount of water. .~ - foy e g et
) “Nearly. all-alcoholic baverages-ar
ing characteristic -tastes and ‘aromas
b_}' 'd.is.tillation' ha&.intentionally not been complete:
listed briefly bLecausé they are commergial forms o
alcohol.. They are described ‘without' thie detail of the Jegal
definitions, - ©.°. o .2 . RTa T . BB
-WWhiskey is the alcoho! at.85-100 proof, distilled from = fer-
mented grain masli, Ryc whiskey sveans: that ryc¢ predomi-
natcd in the mash, corn whiskey or bourbor: whiskey. that «arn’
predominated. Stotch whisKey and Isish whikkey take their
names from charncteqisricodh'rsv'f'd_éti\"cil “from’” peat’ smdéke in'
preparation rather than from thé raiv materials; Rurb, is sini-
farly produced ironi fermented molisses, i:,‘.t 85-19 provi. Wine
is fermented grape juice, brandy.- the Alcohol " distilled irom ~
‘wine to a conceatration of 00-100 praef. Wine will contain
oniy 12-16 per cent of alcohol from fermentation, vut sieely,
part aad tokay wines are fortified to 2022 per cent, and oc-
casionally ‘even to 28 per cent with:brandy or grais alcohiol
3.5.7 per cent ofatcuhol,

Beer is a malt beverage containing
to which’ the hops and proccssing: gix‘e_'cbar_;gg:_t,_er__i_sjgi: Bavors.
Iiqueurs of varied names are Aavored syrups fortified with
alcohol. - Gin is. made. irom alcahal by, distiliation through a
mixture of herbs and berries in which juniper, coriander, etc.,
predomiuate, adjusted to 85-100 proof.- Gin and the ligucurs
are the only beverages-made directly from alcahol;- the athers
Leing unrefined or ounly particily vefincd afcaohol.” I
Completely denatured 4lcohol is that to which materials
have been added to make it objectionable as to oder and taste
and thercfore nonpotable. As.ar. incidental factor.it is made
peoisonous because that is the nature of the denaturants used.

It is tax-frée and no permit for its use is required. ;
Completely. “denatured alcohsl has been prepared in the.
ood alcohol, pyridine, etc. Formulas are
chaiged rather [requeéntly. The fcllowirg arc t,\'pic;al.: Formula
CDI1 contains 3 aallons of Pontol K, 1 gallon of aviation gaso-
line, 0.5 gallon of Agdite or 1 galloa of Hydronol and 3 gallons
- of a preparation designated as STil3, per 100 gallons of aleohol.
" The d!:unlurants added to CD12 are similar. with an increase
of Poutdl K to 4_'g~allons and -replacement of STHLS by-2 gailons
of methyl isobutyl ketone. . Formula CD13 dilfers from C’L“)li
in increase of ST115 to 4 gallons and replacement of Pontnl K

¢l 1or,’

e aléohalic solutions hav- -
b,cc'au'sc the purification
They are
f rax-paid

past with gasoline, w

by 2 gallons of methyl isobutvl ketone, 7 i
3 v - [ - \v'l.“lu.‘l\lu‘l VA

the named denaturants is not gencraliv koo, Completely
c_lk.nnturcd .’\]('Ohol is widely uscd as a solvent. as anti-frceze
- e S 3 b« - CCA
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-S‘pé@:ia solvent- alcohol i isa complctch' demulru .mcl ther
Tore tax-irce grade. ~No permit.. is-requireds - 1t may uot b‘—
-used for auti-frecze purposes. Itis anhydrous and a typical
furmula contains 5 gallons of Tecsul, 2.5 gallons oi Pontol. K, - |
2.5 gal‘o-t\ of iropropyt alcohol and 0,5 r:allon of aviation gdso-,
lme pc* 100 gallons of ahsolute a]cohol " As'the name nlchc_:ue:.g
it 18 used xﬂr"ClV as a solvent for la wequer, resins, etc.
~ Specially denatured al-ohol is permitted for use where
completeiy- den'itured aleohol 'will not.sérve the. purpfhe and
where it is not intendcd for food, medicinal or beverage plir-
poscs. The denaturant added thcrc{ore depends on the f‘-PP“'
cation or the md.:str) in which the jizphol is used. .. To- ohtain
such alcohiol it is necessary to have a pérmit,.and if a bubstan-
‘tal amount is required, to file a bond.- qpccm v de.naturcc! :
alcohol is tax-free. Itis sald as 190 proof and anhydrous. The
fatiowing are’ examples of denaturants addul to suit industrial
applications for WHiH Jarge vehnnes. are quotf.d Formiyia:
SDI1 cantaius § ga!!ons of appro'\'ed-\\ oad aleohol in 100! gallosiss
of cthy} alcoho] T‘ormuh SD23G contains 10 galians of C.S. P .
acetane and 4 a attices of sucrose:- octo:ﬁccm:c i lm :xllo-xs v
of ethyln ._L.obol Special denatured alcohiol Eormuha a.rg Aum:
bered to 47, with some havmw 25 muny as seven =ubtprmnhq
indicated by letter designzzion. '\'\’here alcohol is.required foc
chewmizgal purposes, a special de u'xthred formula iz nrd“aang)
used. Formula SDU is authorized far over 200 dn{urer' “12es,
such as the manutacture of af‘cta dc]w‘de and r-mg;-
textile zoaps, eic, N
Propyl alcohot, .13, OH, is the next sucmber of
aboyvc ethy! alcohol. Normal p:opyl alcohal is a strajcht- chain
compouad and s not avaitable i quantity. The.:sual CoON-
mercial product is isopropyl aléchol or xsopropamﬂ {CHa)a
CHOH, 2 colorless liguid having less odoi than ethvl alcohal
and .of slightly higher boiling point. It mi s with water,
alcohol and ether. The MAjoc source is by svathesi Ps *r.t;m
natural gas, or from cracking gases from the oil znr]u:,u
pylene being .first abtained, this dissalved in sulfuric a ocid and' |
- the recultmv unstable propyvi h\‘droqen sullate hyds NMuzed with .
water. Acetone ‘can hc reduced by hy drogen at 17Q0° C. with .
a mcLel catalvst to give isopiropwvl :xlcohol Varicus arades
are dehaturmq, refined 91 per cent, renned 93 Per cent, technijcal
91 per ceat and techwnical 98 per cent. The lnlancc m each:
case is largely water, the 91 per ceit grade being o ceingt
boiling mixture with 9 per cent of water, Isopropyi alecohol is
used as a substitute for ethy! aleohol in many salvent appli-
cations to aveid the restrictions of aleohal pernuu, but canpot
be so used in food products. lsopropyl n!colml 15 also u; -I
to im m esters anc othcr organic dcrn’atn es. Itis only sl htcl‘(
more C\l)e11<|\'(. than completely rlc_m.tur(_d .llcohol Sy

1“‘3:;1!““'
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domestic C.i,

o eees et AClu. V.aTioe gritues are soin,
10" imparteg cmestic  commercial, unporu.d 85 per cent,
ce: .uncrua] Itis used in skin preparations, as

a Axative in petiunmes, for production of synthetic’ organic
chemicals and tar suliation to give alkyl szuliates, used as

detergents.  Tie price usries . Awith % 290, EErRspending

_ to the purpose jor which the material is suitable.

_ Diacetone alcohol or ~hyaro~cy-2-keto -4-dimethyl pentane,
CH4COCH., 2C(CH;).0H, is 2 golorless liquid miscible with
Water, alcohol or ether. Tt is both a ketune and an :dleohol,
prepared synthetically. Diacetone alcohol is sokd as pure, and
as o tcchmcal gradc which contains samije acetone. It is a
solvent £ ‘acquers, pl.stics and resisis, n\.uhhlu at a price
pPermitting its use as q sglvent., . ' : .

Ethylene g’lycol (C-HnOH) 1> miscib!e 1\i’h \\1tu‘ of
aleohol and is prepared. by hc'\tmﬂ' <ihyiene duhfondc ar

vﬂwluu chlox n!.\'c.rm '\\‘1t!t a nutahlc a!!\ l.nc qolutmn un*cr

*vrupv hquu‘l is h-rrroscmnc.
tion in automoiile radiatots,
i the manuiaciure of ex,:!oa-\'c;... :md for & 'ru:’tt vari
})l"]')()'\&\ La rcp::'.c glycerine in nonfnmi nsest. I'or.'
some brands oi'cigarettes aie it or itsiderivatiy e as tl e h ".ro—
scopic agent in place of glyeerine; it is quite wivleldy used in
cosmetics. The manunfacture ifrom it af glycol d-mtratc,
S(CH.XNO:),, as a substitute for nitrogiveerine, veplaces the
byeprodurt givcerine as a raw snaterial with a sy nthetlc p"oducf

available in any reasonable araount,
Propylerne glycoi, Criz(CTHLOE),, is closely related to
cthylene giycol in preparation, properties and uses.
Diethylence giycel, CHOHGCH.OCH.CHLOH, is 8 colos-
less, syrupy, liquid, miscible Avith water and alzohol, and ey
hy vro~copzc. It is structusally an ether as well as an alcohol.
The production is pzub:\blv as a by-product in the m.nmfac.vre
- .ol ethylene gh col. although it-can be synthesized as a primary
product 't is used as a solvent for mlrocclh'lo_e ingl seal =,
asa moistening and softening agent for glue, ‘parchment paper,
ete., in the printing of textiles, and in the manufacture of
explosives.  In these uses it laigely replaces zlyveerine,
- Triethylene glycol, CH.Ol3 (CH.OCH.).C}.OH, is a color-
less, hygroscopic liquid which is both an cther and an alcohdl.
Itis suluble in water but immiscible with organic hydrocarbons.
Connmercially it is probably frem by-product sources,.and is
usaally contawminated with homologues. Uses are as a solvent
for nitrocellulose and guws and as a plasticizer in varied appli-
cations. Derivatives have similar uses, :
Ethylene chlorohydrin, CHLCICHLOM, iy hoth an alcolol
and a halogen derivative, the stage mtermediate hetween
~cthylene dichloride and cthylene glycol. Tt is produced by
:Zlil':l:,h.?l:\o:lc,.t\!:l\hlr{_”f?::‘d \l:{:lf'o;cau c'l?lc‘)ri(lc gas. 'l‘._hc colur
: s ane ates and s sald as a 407 per cent
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Glycerol or -

present in futs and fatly oils, \\']_W'"‘-' '_‘ _'“\_ id culorless w hen
highes aliphuatic acids, It is a \'nscou.s.;“,l_u\.cr\. ln:grosm‘fllic-
pure. mincible with water or aleohol, and 13 s sils Las Gpeuenls
Glyeerine is abiained from fats and 5“"03.““3'?!-\. m .:.‘ :) e sl
YIRS Soapslye contains a high propurtion OF TSl S S

% : » s s ]t ¢ miperities sepidrated from
with which (qhe 2eap was salted out, Tipuni = al s it e
the raw materials used in soup manufacture, resic “tlr'—‘ Ay
3-5 per ceut of glycerine, A higher concentratiun of E-j) == e

o is ubtained when f{ats are split 1o yrive f“l‘.‘." avids _1.3‘, mfc;a-l..,\
of the Tywitehell reagent.  Crude L:|,\'L‘¢fi”<§."l"’5.",’.h““"f"d‘ ;-“”.:-
these Dy precipitating .soap and other impurm’cs ""lu,_‘.‘-mfl-
and concentrating to about. 80 per cent glycerine. l\--‘-‘h‘_f"u
glveerine is obtained by ilistill515p:\. A 95 per cunt‘g?_\‘ccrm‘c .

. free Trom solids s prepared by éliisci!l:uion_uui_lcr rg:‘dulcc.(-l
pressure with superheated steanm. | The catorless )”'U‘-‘.“Cf =
obtaincd by freatment with charcoal to remove yellow calor-
ing matter. R . AR == 8 Y o .

" Glycerine which contains ne ‘hupurity  bBut mrotsture,. is
prepared by rcdisfi“alioh 2ad treatment with :ln«.:tiv:xtbed»cm_:?;-on
Lo give a o grade. The U.S,P. gefnde.is coloriess wiid COtaiins
not less than 93 per centool'glycerine, Other grades sold wre
dynamite; suponificaticn, bas’s 83 per cent; soap-lyve, baisis
80 per cent; ang yellow distilled. . Varidus grades are nzeqd 3n
printes's inks, plastic clays, 1-)0“:;&25, ;\5_ an antificexe whew the
price permits, in auking nlruglycerine whichiabsorbed [TE
carrier is dynamiie, as ? textile softener and sohvent {or textile
chusiicals, as a Jubricani, iy plastics, paper, ink, leather, etc.,
as a softc;xcr, in cosmetics, us a solvent for drugs and crserting
oils, as a toistening and flavaring agent in tabiaceao, us a pre-.
servative for foodstufls, and in many sanilar ways, Because
ol its devivation as & relatively minor by-product the pitice is
subjecet to wide fluctuation and substitutes of more stahle price
tend-to be preferred by manufacturess, R LU
Mannitol or manrite, Cgll.(€H ), it a .hs:.\'nh_\'drox_\; aleohnd
extracted from manna,  The sweetnco.. | "~

it ‘

RO | ‘ 5. 2 t'rih,\'(l:‘ic ﬂ.ICOhOI
Blycerine, Cylle(Ol)a ) esterified with tbe

de

> \.vull'nu'u:l:\ (%3 u‘u-;
of sugar. It s expensive and use is Iimited . to replacement. of

sugar in dicts for diabetics and torequirements as a laboratory
‘reagent, . s . o _ .
] Sorbitol or sorbit, Cal15(OH))y, is an Imexal\_\'tll'o.\"\' aleehnl,
very soluble in water or alcohol and isomeric with manuitol
and dulcitol. 1t was originally obtained from the fruit of a
MOUNLAN wai Hut is nesw produced by {he clectvolytic reduction
ol glucose in solution. While a crystalline substance, the
commercial form is as'a solution containing about 15 per cent
of water. Quotations are on the basis of the anhvdrons sorhitol
present. It is used as a plasticizer. to roplncegl_\'cvrinc'\\"hcrc_
the larger molecylar weight offers technicul O practical gepl
vantages, . ' | '

Borneol, bornyl aicoliol of Bornec camphor, C.uH O

is soluble in alcohol or ether and slight!y soluble in water, It

and Borneo
atic woody

KQ):
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is found in solid masses ina tree native o Sumatra

and also occurs mixed \\'s'ch'.n essential oil in nr%\s'
‘ K :
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Oxalic acul (CO0N..21,0), o <ol in the farm of colos-
a dry oain. It is the simplest
dibasic airgenic acid. In the form of the acid po“«mm salt
or the calcium =alt it occurs in many p].n,‘.ﬂ It = amony i
strangest of the argagic. agids, and’is moderately soluble In
Cl‘l(l water, extremely: ~<oluhlc i hot and very-soluble in -,llCO-
haol or el hc- Oxalic acid is p:odnccd from . mawy on"unc
oNV Q’LH aonl.u-nnw Lon")onndb fusion with caustic wliealdi.
Cellulose in the form of woad shuvings or sawdnst s the nsnat
starting material. This is heated witlh a strong agueens soli-.
tion of pot’m\tun. and sodium hydroxides at 240-230° C. '\Iﬁk
of limec is added to the solution af the salt formed, to P‘Cc'l”t
calcinm oxalate. The latter is wreats<l with sulfuricacid, w lnch
precipitates catctium suli fatc and’ hncratc free oxalic 'Lc.d '
cium oxalate mayv be present as an impurity. It gy ko‘ hc
produccd by the oxidation of sugar witlr nitric. 'u:xd 3
acid is sold in large volume.. It is used as a pur xfymg 'm‘cx__
many processes such as in thc smanufacture of "h'cdrt e
prccnpxt..nt for lime where its renioval is desired, a5 2 blear TR
agent as in bleaching straw, or woad, ta remove ink. wn& Tast .
spots because of its ability to form q‘Diubi{: iron copos '
an ingredient of wmetal polish, L\r~fc}y ~ salg, m'-},) g
d\ cing - textiles, and for mauny dﬂ:ll()‘"uu:: pmboscx JTrocis
cm‘cred Ly the Caustic Puison Act, w ‘hich is gwrn 3. -\pDen—'
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less cry=tals \\llltll sloresce

Furfural or furfuraldenyde, C,H3;OCHO. is a’coloviess to
reddish o-own Jiqud, vary soluble m water, ak‘g;ho} or cvther.
It darkens on exposurc 1o the air and is obtatuced fraes the
pontom:» of corn.cohs, oat hulls, stravy, jute, corn.staiics, ote..
v digestinig these or zimilay prodacts with mod\.mtrh cougcn—‘
tratcd—sulturxc acid. The term furfurol, which :mph{- s an alco-
hol structure, is also used war this aldchyde. Bath refined and
technicai grades are sold. [t is used 10 the matufacture of
synthetic resins and molding . compaounds, disinfectants. de-
odacrants, as a..prescrv:tti\-"e of glu -, in light-scensitive priﬁlinq
plates., as a mtrocellulose soivent .and for the, pr.duction Ji
numerous chemical derivatives. 1t'is the inexpensive starting
matcnal for deriv atwcq of 'urfurane C4 1O
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