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1.6M ALUMINIZING PLANT OF THE INDIAN INSTITUTE OF ASTROPHYSICS

A, K. BAXENA, A, P. JAYARAIAN and K. KUMAR

ABSTRACT

The dwign and features of 1.8m vaouum coaling plant an In houss faoility at the Kavelur Obsarvatary for periodio
sluminizing of astronomioal optics sre desoribed, A typloal psrformancs daia ls gtven,
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i, Introduotion

The 1.6 Matrg aluminizing plant of the Indlan
Institute of Astrophyslos, the' largest of lts kind In
the country wes commizsioned by BARC In early
1978. This forme an In-house facility et the
cbservetary at . Kavelur for psrlodic aoating of
telescope mirrote.  After asveral runa on the plant en
optimised procedure of aluminizing wee evolved
and oallbration for the thlokness of the ocoating
against aluminlum evaporation time was ascertalned.
The first aluminizing of an estranomlical miror was
done In the month of June the semae year. Sinoe
then the plant has baen In continuous opearetion and
satlefactory slurtinizing of meny astronomlcal and
other optloal mirrors Inaluding & 1.2m primary mirror
of Japal-Rangapur Observetory and 1.02m primery
mirror of our Institute hes baen done. The plant
oan be used for aluminizing mimors upto 1.3m In
dismeter and of walght not exceeding 700kg, Thls
paper desorlbes the operatlonai festures of the plant.
Aluminizing prooedurs of the mirrors Is also glven.

2. Vacuum Chamber and Pumping System

The Aluminking plant Flg.1 (a,b) conelets of &
vacuum chamber, a vaguum pumping system, an
évaporation unlt and lon dlecharge unit for substrete
oleaning. The veouum ohamber la composed of
4 fixed main ohamber and a mavabls lid constructed
out of austenitia stainleas steel. The Iid Is mounted
on & trolley which oen be tiited sither to- hatizontal
or to vertlcal position by a suitabls mechenlcal drive
fystem and oan be retalned In any désired position.
Souh & provision [s sultable for.loading and unlosd-

Ing of the mirrors.
The fixed chamber has two side poris of 408mm

dlameater for oopnecting the diffuslon pumps and
300mm dia port on the dishad end for mounting the
low voltage high ourrent faad - through for {llament

Flg. 1(a) Aluminfzing plant
power supply, Thers are flve other smaller ports for
viewing windows, shutter drlve feed-through as
wall a8 for mounting dlffersnt gauge for heads for
measuring tha pressure In the chamber,

The vaouum pumplng system comprises of two oll
diffuslon pumps DP-1 and DP-2 (Fig,2) ofunbaffled
speed 7,000 |- each. Elsctro-pneumatically
actusted high conductance gate valves V; V; and
refrigeratlon cooled chevron baffles CB-1, CB-2 are
mounted on the diffusion pumps., The assembly
ls conneoted to the pumplng port of the chamber
through a shot elbow. A 7,600 |-= rotery
mechanlcal pump R.P la' used for roughing the
chamber es well as for baaking the diffusion pumps,
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114mm alsctropneaumsticelly actusted high vecuum
gate valves VI, V2, V3 are Incorporated In the vacuum

Flg. 1(b} Aluminizing Plant
plum Jinge to ensure remote and safe operatlon of
the vaouum system. Three themmocouple geauges
TCY, TC2 and TC3 hsve bean used on the plum lines
for monltoring pressure as well as for Interlocking
purposss, Hot cathode lonlsetlon geuge and a
dlscharge gauge ars mounted on the chembet o
monitor the degres of vacuum. A typleal perfor-
mance of tha system la shown In Table 1,

Table 1 Typloal of The Perfarmance of 1.8 Matre Aluminlzing
Plant Vaouum Bystem

Time In Minuiss Pressure In Tofr Remarks

0 Atmosphere Engaging of R.P

18 2 x 10-2 Aa messured with
Thermooouple gauge

10 3x 10-3 Engegingof D P

60 8x 10-6 Baffls ocaling started

0 8 x 10-8 As msasured with
Discharge gaugs

] ] 1.8 x 108 As measurad with
Disoharge gauge

120 810 4 x 10—8*  Measured with lonl-
zatlon gauge, Baflle
ocoling at ~28* C,

*+ Afier a few discharga clsanings an ultimate vaouum of the

order of 4x10 8 tarr oan be obtalned in sbout an hour
slarting from 3x10 3 torr and Bafllo temperature-25" €.

3. Evaporation Source Coufiguration

The rear end of the fixed ohamber housea the
evaporation souroes which are made of tungsten wlire
of 0.76mm dia and wound In helloal shape, The 36
vaporation sources are arranged In a olroular
configuration and mounted on two concentrio rings
The entirs fllament ring assembly ls mounted on a

trolley eo that the fllament conflguration could be
brought forwerd for replacing bumt out fllement as
wel| gs for loeding with aluminlum. The ssparation
of 70cm between the ring structure and the mirror
face has bean found sultable for the unltormity of
thicknaas on the mimor surface within & B percent.
Thls remaina e Iittle uncertaln factor because all the
fllaments do not behave In simllar manner during
evaoratlon. The fllamants are fixed In groupa so

@

Flg. 2 Veouum sysiema schematlc disgram
88 to reduoe the elze of the low tenslon aupply unit
providing power to the fllaments. A shutter In front
of the fllament asaembly mesks the batch of fllements
durlng prefling operation when the evaporant
aluminlum 1s degassed and pretused to the fllements.
The shutter can be moved 1o the desired poeltions
wlth the help of a mechanloal drive system operated

manually from outeide through a vacuum feed-
through,

A Ov, 250 amp AC supply glves powerto each
batoh of the fllaments. OQuter and Inner rings need
6v, 260 emp and 6v, 126 amp eupply respactively,

4, lon Cleaning Arrangsment

Dlsohargs electrodes for ion oleening are mount-
ed near the open end of the fixed ohamber with
osramlo epacer betwsen them. A contincusly varl-
able high voltage supply of 0 to Bkv AC witha
maximum eurrent capacity of BOOMA |a provided for
len oleaning. It wae found that to sustaln dlmharg
without arolng betwaen the electrodea the H.T. trans-
ommer should have high reactanoe and electrodes
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nesad to be smooth.
8. Aluminizing Procedurs

The aluminizing operation of the mirror Is carrled
out as follows:

1. The surfaos of the mirror Is subjact to thorough
cham!cal cleaning (see Appendix 1) to remove graase
sto. and then washed with dlstllled water and drled.
it ls made sure thet the surface Is free from drying
marks. '

2, Praocslibratad quentity of alumlnlum wire 8"
lsngth of 1mm dla of purlly B8.98% Is then wound
on the hallcal tungstsn fllaments and thess {llaments
are mounted In place. Utmoet care [s taken to keep
these fllament fres from any contamination during
loading end mounting.

3. The moveble lid Is tiited to horlzontal posltion
and the mimor ls mounted Inslda and olamped. The
lid ls now t{ited 10 vernical posltion and moved to
bring Its flange In contact with the fixed chembsr
{lange, end locked with the G-clampa provided to
hold both the tlanges togsther. The chamber [s then
svaouated to a vacuum.

4. Dry nitrogen or air | admitted into the ohamber
through a needle valve mounted on to obtaln 8
pressurs of 10-20 microns in the ohambar. lon
cleaning ls now carrled out for mars than 30 minutes
at 3 kv and 300m emp by atriking adlscharge obtalned
from the high tenslon unlt. Extreme precautione are
takon so that no ercing takes plade between the
alectrodes. Subsequently the noadle valve |s olosed
and the chamber ls egaln evaouated to high vaeuum
of the erder 2 x 10-* torr.  To ensure batter edhealon
of fllm on the substrate the process ls repesatad egaln
bsfore deposition. Finally the chember Is svacuated
to s vacuum of the order of 6 x10-* torr end
evaporation ls done.

§. The fllaments are fired In four batohes. Thay
‘are first prefired by feeding only partlal powst
(40%) to the fllements with the shuttar mesking
them. ' As soon 'ed the aluminlum charge steris
malting the shutter Is moved away and the full power
Is fod to the fllament to cause completie evaporation
of aluminlum on to the saubstrate.

8. After the evaporition of all the {llaments, diffu-
sion pump &nd reftigeration unit ls switched oft and
‘the ohamber Is lsoiated from the vaguum system.
Batter resylte are’ bbtelned on durabllity of the
‘coating If coated mirrors are left. under vacuum for

couple of hours. Dry air |e then [ntroduoed through
the admittance valve Inslde the chamber and It s
brought to the atmospherio pmsaure. Tha dolly la
moved out and aluminized surface can be Inspectaed
for thelr quality,

7. The quallty of the reflectlve coating la oheoked
on sample pleocs kept at sultable locatlons while [oad-
Ing mirors. In arder to gat a total retleoting surfage
a oallbratlon has been astabllished In terms of length
of the aluminlum wire and evaporatlon time. |t
has been found that with the 9" length at 1mm
Bluminfum wire gives coating thlokness of about
10004, lon oleaning et 3kv and 300 milllampa for
about 30 minutes and sulteble chemlcal cleaning
of subatrate as desacribed In the AppendIx 1 resulte
In agtlefaatory adheslon of the ocoating. Coatings
chtalned from thia plant adopting the prooadura
and precautions deecrlbed In this paper have stocd
the standard sootch tape teat very well.

Appendix 1

Chemloal Cleaning Of Optioal Mirrors Before
Alumininizing

The oleaning is dons In the following steps:

1. The Mirmor Is glven a wash with dlsetllied water
and 1% tespol solutlon and drled.

2. The degreasing ot the surface I[s done with

Triohlom-Ethelene to the extent the dry marks on the
surfaos are not seen.

3. Agaln, a distllled wetsr and 1% tespol salution
wash |s glven.

4, Cleaning of the surface with 6% HaO1 solution
(by swabbing) and aitarwards with dlstliled water.

6. Altsmats cleaning (by swabbing) with 10%
KOH and 10% HNOs with Intermittent distillad
water washes, The prooees ls repested through
10 to 12 rounds t!il the weter flow on the surfacs s
sean unbroken and unltorm.

6. Finally, the asurfsce Is washed with distitled
water about 5to 6 times and drled with lint - free
clean towels; full care le taken to ensure thet after
drying no dry mark [s ssen on the surface.

7. A bresth figure testing of the mirror can also be
done to meke sure that the surface Is uniformly olsan.

8. The mimor Is now ready for loading Into the
ohamber,



