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                                   ABSTRACT
Halide is sealed  up  inside a  tungsten halogen  lamp. The action  of the halogen allows  the lamp  to maintain

its initial luminous  flux without  being bfiackened until the end  of its service  life. The quantity of halogen, if in-

sufficient, blackens  the lamp and  shortens  its life. If excessive,  however, the halogen may  affect  the lamp's

efficacy  and  service  life. Although an  appropriate  value  of quantity is consequently  required, this can  only  be

calculated  by means  of a great number  of triai production and  life tests, due  to the theoretical complexity

and  associated  factors. These tests are  time consuming  and  expensive.  The aid value  is therefore often  de-

termined on  the excessive  side  to simplify  experiments,  thereby avoiding  any  ri$k of blackening. We  used

theoretical calculation  for some  success  to determine an optimum  value.  We  therefore aim  to improve the

production technology by applying  our theoretical calculations  to trial production and  life tests,

KEYWORDSitungsten halogen lamp, evaporation  of tungsten, theoretical calculation,  proper halogen volume,

chemical  reaction in tungsten halogen lamps, blacking on  tungsten hafiogen lampe

1. Introduction

 Tungsten'halogen lamp was  developed by Edward  G.
Zubler (LJ'SA) in 1959. It hasa  small  size, longer life and
high eencacy  in compared  to an  incandescent  lamp. Also,
with  improvement  of  its qualitM it is widely  being used

fbr various  purposes because of its convenience.  A  bulb of

this lamp is usually  made  from quartz  glass, and  is pres-
surived  with  a  high pressure  of  halide and  an  inert gas,
and  it can  be used  with  almost  same  light speed  corn-

pared to initial one  until  its disconnection lifb without

blackening due  to 
"halogen

 recycle"  which  means  the

halogens carry  the evaporated  tungsten  back to the fla-

ment  instead of  allowing  it to deposit on  the bulb wall.

 In case  of  lack of the halogens, the bulb becomes
blacken and  then  it leads to the end  of its life. If exees-

sive,  however, there is some  possibility to occur  
"cycle

abnormality"  which  has been  empirically  reported  af

fects ecacacy  and  its life ofbulb.  Basic researches  about

halide movement  in lampi"'4) are  considerably  being car'

ried out,  but there are  no  reports  about  production
technology  that can  be used  immediately. Therefbre, a

relatively  controversial  problem is that  

'Chow
 much

amount  of  halide gas is most  suitable  for each  lamp.'7
Because  of  this  problem  is very  complicated  with  many

theories and  different conditions.  Thus, experimental

methods  are  used  to solve  this problem  on  this  paper.

(for example,  trial manufacture  and  life test) However,

NoteilVe used  to adopt  
rforr

 instead ofPa  beeause ofeomparing  to  data

ofl{nferences

such  means  that it takes a lot of  time  and  cost,  so  gen-

erally  relatively  excess  amount  of  gas is being used,

avoiding  any  risk  of  blackening. Thus,  we  tried  to find

out  the appropriate  amount  of  halogen gas while  com'

paring  theoretieal ealculation  with  the results  from

experiments  which  calculated  amount  of  evaporated

tungsten  under  high pressure  of  an  inert gas  and  then

we  suceessfully  obtained  the appropriate  amount  of

halogen gas from the results.

 In our  research,  the case  of  the pressurized  halogen

gas in excess  is not  discussed. However, we  will  be able

to improve production  teehnology  in a  diffbrent way

about  these problems  whieh  mentioned  above  by com"
bining experimental  methods  which  is already  devised
and  theoretical methods.  And  then  we  hope our  all ef-

forts for achievements  of  high eenciency  and  long life to
be a  breakthrough for low cost  of  halogen lamp.

2. SummaryofResearchSystem

(1) Tungsten, material  of  a  flament, is evaporated  and

  dilifused during Iamp operation,  even  through  halo-

  gen  lamp is filled with  high pressure of  an  inert gas.

  Thus, many  data ean  be obtained  from calculated

  amount  of evaporated  tungsten.

(2) Small amount  of  halide in an  inert gas is decom-

  posed, and  it turns  into compounds  with  halogen

  and  compounds  with  no  halogen. In our  research,

  what  we  are  forcing are  halogen moleeules  eoming

  from the  forrner (compounds with  halogen).
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(3) A  reaction  between tungsten  which  is evapoTated

  and  halogen molecules  is simp]ified  to find an

  equivalent  relation  under  some  conditions  and

  assumptlons.

(4) Concentrations of  theoretically required  amount  of

  halide in an  inert gas were  calculated  from  an

  equivalent  relation.

(5) [[!rial manufacture  and  life test were  carried  out  by

  using  many  lamps with  different concentrations

  which  is theoretically calculated  respectively.

(6) Evaluation  of  theoretically calculated  concentrations

  was  carried  out  from the results  of  life test while

  considering  next  step  of  this research.

3. AboutTUngsten'HalogenLamp

 [EUngsten"halogen  lamp is not  only  various  in types,
but also  various  in lighting voltage,  electric  power, ser-
vice life, eencacy  and  color  temperature.  In our  research,

relatively  standard  type  which  can  be used  shop  was

selected.  The characteristics  of  lamp  were  shown  in

Table 1.

4. EvaporationofTUngstenfromFilament
4.1 Evaporationoftungsteningas

 It is well  known  about  that the evaporation  of  tung"

sten  is more  effectively  suppressed  in an  inert gas than

in vacuum.  Mechanism  of evaporation  in an  inert gas is
considered  more  complicated  than  in vacuum,  but basi"
cally  most  important  point is the way  tungsten  diffuses
in an  inert gas. It is necessary  to use  dil}fusion factor to
deal with  the meehanism  of  evaporation  quantitatively.
Thus  it has been considered  as  an  important subject5)･6).
With an  arrangement  of  cliffusion factor, Matsuoka  pro-

posed an  equation  related  to evaporation  in lamp7).

                                  h

                             2 r-

 
[fotal

 amount  ofevaporation  m=-  
aln

 h Ji. 
Ddn"'

 
H"(1)

                               al                                  L

ab

Dnva

: diameter of  tungsten  filament
: diameter an  inert gas  Iayer around  filament,

 (LangmuiT Sheath)
: diffUsion factor of  tungsten  in an  inert gas
: molecular  density of  tungsten  which  related  with

 vapor  pressure  of  tungsten  on  a  filament

fable 1Characteristics of lamp
Pressureofaninertgas (whenoperating)
PV=  nRTwhere  V is 1 ,31 cm3.  Tis 700K  (at tum on  the

light)Gas

 pressure when  pressurized 2a OO Tbrr <200C)
R=62.4xl03(Torr.cmi/K.mol)

n  =  O.1616'3(mol) P=about 5390 CTbrr)

Pressureoraninengas/5]90'1'orr(-･heriopeTating)

4.2 Calculation on  the evaporation  amount  of  tung'

    sten  m  gas

 Some  equation  that  various  data can  be substituted  to

calculate  the  amount  of  evaporated  halogen is necessar}:
Matsuoka7) proposed  two  way  equation  which  can  calcu'

late real  value  based on  combined  equation  from Lang-
muir's  equation6),  Fonda's equation5)  related  to evapora-

tion and  Jeans, Langevin, HirschfblderSPs values  related

to dilifusion. Even  through  many  reports  have been pub`
lished on  this  study  of  field over  a long period of  time, we

seleeted  Eq.(2) which  is one"way  equation.  [Tbtal evapo'

ration  amount  of halogen, m  can  be calculated  by one-

way  of  calculating  equation,  and  coeencient  K' does not

related  to temperature  but  gas diffusion.

m=2,4t9xlo'2

            '

K'

 2}i':l"g/?,k':;,,;t:g'",7'":(t-ooi609× tO]Tla).e.f,. 
,.,

.H.H.H..-.-H.--H.H.H.H.HH.H.H.H.H.H..-H..-"."..-".".".h.h.".h.h."."(2}

Mw  : molecular  weight  of  tungsten

Mg  : molecular  weight  of  an  inert gas (Ar)
K':coeencient (1.2)
7la : temperature  (K) of  a  filament

 [Ibmperature of

temperature (K) LS)tungsten

 flament (7la ) and  color

'I'a 11000

2500
+2770

3000

K 1006 257728SO 3094

*:
 Value of calculation
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 P:pressure of an  inert gas  (Table 1)

 7Z,itemperature of  gas (Table 1)

 Pit'a i vapor  pressure  of  tungsten  on  a  filamentT')

      logPwa=7.602-40500fTa+O.51log71i

 loge, : calculation  method7)

      logb,/a=O.7811ogB/a+O.170

      B=2,341 × 103ci,'c]× 7)/!/P(1+c2f7L)

      ci(Ar)=l.94xlO'b  c,(Ar)=130  c](Ar)tO.17824xlO'2

  fft･vg. 
2=(ai

 +  a2/2)2:coeencient  related  to distance be-

                  tween  tungsten  and  argon

 moleculardiameter(A)7)  Ar:3.64, W:2.78

 [[bta] evaporation  amount  of halogen, m  can  be calcu-

lated by substituting  all values  into Eq. (2).

m  =  2.976 x  10'10gfcm2 sec  ""'-H･-･-･--------'-'---･･･--･----- (3)

 wnere the amount  of  an  inert gas is argon  gas 100%.
However, this equation  is available  fbr the  case  of  an

incandescent lamp  (low inside pressure), and  the exis"

      100.0

G  le.e.$EetuT!5E

 1.o

Figure 1

   e,1
  e.1 1.o lo.o

            P(Ar)  CXIOSTarr)

Evaporation of tungsten in argon  gas

e  : value of calculation.

----:extendedline.

     a=6.2xlo'3cm

     la=2770K  th=700K  Ki--1.2

 × / value  of  calculation by Matsuoka7)

     {appropriate value  by Fonda5) )
     a=9.78xlO'3cm  fa=2870K  Tb±360Kro'=d.2
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tence of  halogen which  has strong  chemical  attraction

with  tungsten  and  the  case  of  halogen lamp  (higher

pressure) were  not  considered.

5. The Amount  of Halogen Which  Reacts with  TUng'
   sten

5.1 Decompositionofhalideaftertumingoff

 The result  of  FTLIR showediD･i2}  the result  of lamp

heat causes  decomposition of  CH3BriO) which  leads to

produce  CH4, C2H2 and  HBr. Further, the result  of GC
showed  existence  of  C2H2, H2, Br2i3). Therefbre, these
resu]ts  support  assumption  that  CH/3Br  is thermally

decomposed as  fo11ows (trace amount  of  H2 and  Br2 is
caused  by decomposition of HBr).

  CH,Br -> HBr  +  {CH4,C2H2.C2H4. etc.)  "'-"""""'"'"'"'--'(4)

 We  also  confrrmed  HBr  as  the same  mole  as  CH3Br  by

using  F[ILIR. Decomposition  and  interaction of some

other  molecules  caused  by decemposition of CH/3Br also
can  be considered,  but the amount  of  HBr  was  used  fbr

ealculation  exeept  other  molecules  due to its difficulty of

quantitativecalculation.

5.2 The amount  of  halogen  sealed  in trial manufac-

    ture lamp
  The  amount  (pg) of halide can  be caleulated  by using

ideal gas state  equation.

  PV=nR7'

  P:pressure  of  pressurized inert gas (2100 [[brr) at

    temperature  293K

  V:  volume  of  lamp
  n  i mole  number

  R  i constant

  Ti temperature  of  gas (when pressurized)

  Constant Rcan  be calculated  by 1 mol  of  gas volume

at  standard  state.

i? =  :;' 
--
 6z4.  io3 (Torr'cmK moi)

 Pressurized amount  of  CH3Br  (pg) Mis  given bM

  ,･V  
-

 nm  
r

 O.052PaV  
=

 1O,Opg

 where  ni  is molecular  weight  and  a  is concentration  of

CH,,Br.

 Thus, amount  of HBr  (M') deeomposed from CH3Br  is

to be (5).
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  M'=8.52pg  
･･-･---･-･---.-"".H.H.H.H.---･--･-･･--･-･-･".".".".".(5)

  This  value  (4) is fitting well  with  calculated  by an  ion"

electrode  method.

5.3 EquilibriumondecompositionofHBr
 Decomposition of  HBr  inside lamp  is favorable at  a

high temperature  rather  that room  temperaturei4).

wnen  the lamp  operated,  small  amount  of HBr  is de'
composed  and  reached  equllibrium  with  H2 and  Br2
near  the gas temperature.

  2HBr  o  H2 +Bh-24.5  Kcal i'D

 At equilibrium,  is HBr  coexists  with  H2, Br2 inside
lamp. Tbmperature has a  large effect  on  equilibrium,

and  equilibrium  coefficient  1{ ) is to be as  the followings.

(1) Calculation by experimental  equationi4}  K,  !3.63 x  lo"

  logK,--5244/7L+O.OO0437b-1.25

(2) Theoretical ealculation  (thermodynamics)iS) K,-2.37 x  l o'"

 Nernst equation

  logKp=9p/4.757B+Znl.751og7L+Eni

 Even  through  there is some  differenee between  (1)
and  (2), we  choose  calculated  value  from Eq. (1).

5.4 CalculationofratioofdecomposingHBr

 By  using  value  of 5.3, decomposition ratio  ll5 is to be
as  the fo11owing.

Kp  =[H2][Brz]X2

[HBr]24(1-x)2=3.63
× lo'9

Dissociation ratio  Xis to be value  (6)

X  =  9.93xlO'S .".".","."."."."."."H.H.H.H.H..----H.-H.H.H.H.H.-- (e

 When  operating  temperature increase up  to 700 K,
real  amount  of  Br2 calculated  from value  (5) and  (6).
 Decomposition  equation  is to be assumed  because
there is HBr  (4) in lamp.

  s.s2x io'6 x 
i60

 × g.g3xio'5  =s.36 × io-iOg  ･---------- (7)
          162

 In addition,  it is assumed  that this  Br2 reacts  with

tungstenrepeatedly.

7Vie lltuminating Engineering Institute ofJapan
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6. Reaction between TUngsten and  Halogen near  the

   Bulb Wall

 Even  if there are  much  impurities and  moleeules  pro-
duced by decomposition in lampi6), we  assumed  one  of

reaetions  model  in lamp  as  follows.

WBh+Bb.  o  WBrlt

   tJWBr+Br
 o  WBb

   JtW+BroWBr

 It is based on  the assumption  that reactions  can  be
formula (8) after  simplifying  and  summarizing  the left
and  right  side  to calculate.

W+2Ble-WBk･･--･-･-･-･-･-･--･".-.-".".H.H.H.------H.H.".,.(8)

7. EvaluationofSealedCH3BrConcentration

 Some  fixed space  near  the bulb  wall  is assumed.  It

shall  be assumed  that tungsten  gas evaporate  from the
filament in 1 sec, corresponds  well  with  calculated  halo-

gen  amount  (7). Here, we  assumed  non-succession  ] sec

cycle  model  which  carries  out  
"halogen

 reqycle"  which

means  tungsten  from the filament is evaporated  into

the gas of  the  bulb  and  deposited on  the bulb wall  and

then  the halogen gas carries  tungsten  particles back to

the filament and  re'deposits  them  fbr 1 sec. The amount

of tungsten  related  to reaction  m  
'

 is given by value  of

Eq. (3), surface  area  and  1 see.

 m'=2.976x10i-[g!cm2･sec]xO.9S4rcm21x]lsec]=284xlO'i[)[g]

 Where  h is a  halogen amount  for reaction,  and  it be'
comes  value  (9) in the aspect  of  an  equivalent.

h=2.84 × 10'iO[g]× 329/ils4=4.94xlO'iO[g]--------･-(9)

 Vlilue (7) is amount  of  Br2 composed  from halide
sealed  in trial manufacture  lamp, while  value  (9) is cal-
culated  necessary  amount.  Thus, the amount  of  a  trial

manufacture  lamp becomes 1.7 times  more  than  caleu'

lated value  .

8. Evaluation of  Necessary Amounts  of  Halogen for
   Life [[bst
8.1 Tleialmanufacture

 In our  study  we  prepared  5 trial manufacture  lamps
ofO.07%,  O.15%  CH3Br  and  O.04g6 CH3Br, respectively.
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lable2 ResultofIitetest
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8.2 Lifetestandresults

 [ilable 2 shows  the results  of  life test which  is carried
out  under  rated  voltage,  6 h  cycle  (1 h  turning  off  ) and
by using  15 lamps.

8.3 Evaluationoflifbtest

 In case  of  O.04%  showed  blackening and  60Y] of life
compared  to normal  case  which  may  be caused  by lack

of  halogen. Furthermore, the case  of  O.15%  (4 times
more  than  calculated  value)  showed  tendency  to have
relatively  shorter  life than  the trial manufacture  case  of

O.07% (2 times  more  than  calculated  value)  which  is
made  for our  study,

9. Discussion

 About  trial manufacture  lamp, we  suspeet  of  the half
amount  of  halogen amount  eonsidered  as  necessary

amount  to be necessary  amount.  Even  if this result  can

be considered  great difference, adsorption  of  halogeni7)
and  relationship  with  impurities also  must  be consid'
ered.  In addition,  these results  wM  be changed  depend-

ing on  conditions  1ike assumptions  and  values.  There-
fore, to get the scientific  rationalization  and  more  accu'

rate  results,  these results  not  only  require  fUrther ex'
amination  but also  investigation of  calculation  methods.

Also, it should  be established  that possible system  for
an  estimate  of  necessary  halogen amount  of  lamp  which

differs firom various  conditions.  These all effbrts  will

suggest  a  way  to develop new  type  lamp and  find most
appropriate  halogen volume.
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10. Conclusion

 Since finding appropriate  halogen volume  for halogen

lamp  requires  a  lot of eilfbrts and  moneM  main  objective

of  this study  is to calculate  appropriate  halogen volume
not  by experimental  rnethod  but by theoretical method.

In particular, some  attempts  revealed  that trial manu-

facture lamp had  a  possibility of  practicality. Further-

more,  universality  and  aceuracy  about  various  types of

lamp  and  using  conditions  is worthwhile  subject  to in'

vestigate.  Problems of adsorption  and  impurities on

lamp  also  should  be considered  related  to influence of

excess  halogen volume  on  its charaeteristics.
 The  authors  would  like to thank  to Masui,  Suzushima,
Mikami  and  Okahara  for their helpful supports.
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