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ABSTRACT 

Particles shown to be complex carbides of copper. nickel. moiybdenum. 

tungsten. gold, silver and titanium along with carbides of the elements in stainless 
steel. were formed on an electron microscope heating staee. These particles were 
observed to form on thin carbon films coating the efectron microscope rids of the 
metals listed above. The d-spacings measured for these particles are essentially the 

same as those that are observed with a misture of the complex carbides of _reneral 
formula Mi,C and M,,C,. Electron microprobe analyis was performed on the 
particles formed in the microscope_ and the anaI_vsis confirmed the presence of the 
respective metals within the particles. in general. the various metal carbides were 
observed to form at different temperatures on different metal gxrids. 

In an earlier report 1 in this Journal. et-idence was given that metal carbides of 
the etements copper, nicke1, molybdenum. tungsten. and _goId were formed on the 
heating stage of a transmission electron microscope by reaction of metal from the 

microscope grid with the thin carbon film coating the _grid_ Further investigation has 

been made of this reaction in order to more fuIIy understand the nature of these 
reaction products and to study additional metals. E-Jidence obtained here for the 
formation of carbides of copper. siiver, and goId represented a new development in 
carbide chemistry since for binary systems, no stable carbides of copper. silver. and 
gold have been reported’-7. ln a ternary system of two or more metals plus carbon. 
no carbides containing silver and ZoId have been reported6-‘. and in only one 

instance’ has there been a report of carbides formed containing copper which was 
present as a minor constituent. 

Not only were the conditions of formation of the carbide particles studied in 
more detai1. but the presence of the metals comprising the various microscope grids 
were demonstrated to be present in the particles formed on the thin-film carbon 
coatin? by the use of electron microprobe analysis. 

* Presently at Mat-y Hardin-Bqlor Colirgc. B&on, Tans 76513. 
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Fuschillo et aI_‘O czrried auf a similar heatins study using ;1 copper grid coated 

with a thin film of carbon. These xx*orkers obserwd particles to form on the carbon 

film ;pz elevared rempcrxtures and from their diffraction data suggested that the 

particks were highI>- cr>-staliine graphite. As v;iII be more evident later. the same 

conclusions cannot bc dra\\-n from the work rcportcd hcrcin. 

The esperimenral rechniquss used in this stud>- have been described prex-iousI>-‘_ 

The Hirxhi HU-LL:\ electron microscope equipped with ;1 special heatins stase 

Sowed the sample fo be heated to kmpcrrtturcs as high as SO0 C. and to be viewed 

at these temper;ltures under continuous hcatin, 0 conditions for nn indefinite period of 

time. Both ekctron micrographs and selected-area electron diffraction patterns 

cauid be taken ai clex-rtted temper;1tures with continuous heating under these circum- 

stances. 

Control of the temperature of the sample on the heatin stage and obtaining 

riccuratt‘ values for the d-sprtcinss of rhe carbide particIes formed \vere crucial to the 

conclusions of this stud\-_ and consequently_ much effort w;1s expended in evaluation 

of these parameters_ For 3 given vaIue of heater current_ the final equitibrium 

tempcraturc obtained in the moI>-bdcnum microfurnace \vas found to be reproducible 

to 25 ‘C. .-\lso. by ohsenation of the actual meltin? of known mstrrials deposited on 

the carbon cortted Srids (e.g. niuminum metal). the recorded remperaturcs were found 

to bc accurate to 5 IO C_ As in 311 previous work. the electron microsraphs and 

sellected-area electron difiiaction patterns were recorded only after the sample had 

been hcid at ;I pnrricular temprrarure for 30 minurcs. This uxs sofiicient time to allow 

the sample to reach thcrmnl equilibrium. 

In order to compare temperatures at which the various carbide particIes were 

formed on the metal grids_ a standard heatins procedure ~3s followed. The formation 

temperatures listed in Tab!; ! were obtained b>- the foIlox\-ing heating procedure: 

The sample was heated from room temperature to 400 -C in approximately one 

how_ where it wxs then allowsd to remain for the 30 minute equilibration time. 

This temperature W:IS chosen as the swrtin, n point because this w;\.s the lowest 

temperature at which pztrticles could be observed to be formed after a 30 minute 

waiting period_ After holdin, n the samples ;I[ -?OO’C for 30 minutes; the samples 

were heated as quickly as possible to succcssivcl~ higher temperatures in 5O’C 

inrsrvr~ls. By this uniform heating procedure. each type of grid was studied to 

determine at approsimateI_v \vhat temperature prtrticies on that particular met4 

grid could be \-isib& obser\-ed to form. Nthou~h the procedure w;1s somewhat 

arbitanry, it did make possibic 3 useful comparison amon_r the various samples. 

Once the formation temperature w-as obtained for a particular grid. a number of 

additionat studies were performed in which samples were heated to ;i particular 

temperature of interest for times up to sis hours. 



185 

TABLE I 

APPROSIMATE FORlcfX-I-ION TE\IPERXTCRES OF CARBIDE PARTICLES FORMED 
OS CARBOS FILXI COXTED GRIDS USDER CONTROLLED HEATISG 
COI\;‘DITIOSS 

C0ppCr MO 
Xi&xl 600 

Xlolybdcnum 500 

Tungsrcn 550 
GOId 500 

Siivcr 600 
Tiirrnium 550 
Srainlas StccI he0 

The accurac_v of electron diffraction measurements made while heatin? at 

elevated temperatures \%--;1s evaIusted by measuring the diffraction patterns of known 

materials (e_,o__ aiuminum and gold) at elevated temperatures. and then by making 

comparison of these esperimentally obtained d-spacings with reported values. Based 

on such measurements. the folio\\-in2 limits of accuracy are placed upon the d-spacings 

reported_ Above ;1 d-spacin, n of 4.0 A. rhe vzliues are accurate to 20.1 ii beca-use of 

the small diameters of the lines. and because of the “foggins” effect of the non- 

diffracted central electron bezm. From a d-spacing of 3-O ii do\vn to 3.0 A. the d- 

spacing are accurate to 20.02 .A. although ;1 weak line may have slightI>- more 

uncertainty. Bettveen 3-O and 1.0 A the values of the d-spacings aw certain tc iO.01 A_ 

and below 1.0 A the values ;lre accurate to iO.!IO5 A_ 

Qualitative analysis for the presence of metallic elements lvithin the carbide 

particles formed on various types of Srids was performed b>- means of electron 

microprobe an&is carried out on 3 Cambridge Steroscan (Clark 3.4.) SE!LI_ A 20 kV 

accelerating volta_ce ~v;fs used in all cases. and X-ray photon excitation ~vas produced 

within single carbide particles because a narrowI)- defined 100 _& diameter electron 

beam was produced. The X-ray phorons produced were anaI_vzed by means of an 

energy dispersive solid state detector (a lithium drifted silicon semiconductor) with t-he 

energy calibration from 0 to 10 keV. This partkular !+-stem had a detection knit of 

lo- If’ grams or ten parts per million (IO ppm) on ;1 solid solution basis. Benauw of 

limited avaiiability of instrumental time. no specific attempts lvere made to quanti- 

tatively determine the amount of any element present. although some qualitative 

comparisons were made. 

DATA ASD RESCLTS 

Figures I-S are representative electron micrographs of particles formed on the 

carbon films coating the various metal microscope _rrids. Figres 9 and IO are typical 

selected area electron diffraction patterns given by particles formed on the carbon 
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films of the grids_ Except for Fig. 5 and 6. all of these figures represent results 

obtained while the sample w;ts heated to the elevated temperature indicated- 

An examination of Figs. 2-S reveals that the carbon films coating the respective 

grids appeared to have been degraded or “consumed” 3s ;1 consequence of the forma- 
tion of particulate matter. in almost every instance. the degree of film degradation 

was most pronounced in an area where larger psrticIes were seen to be formed. 

. 

. 1 . 
_- 1..._ - . 

. - -: _ -. 
. . 

Fig. I. Elrcrron micro_wph of particles formed on a copper grid with a carbon thin-film coating 
heated IO 690 C for 30 minutes. Picture taken during heating cycle. blagnification. 9700 x _ 
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Figure 4. for esample. show particle formation a!on ,g and lvithin an xc-‘;1 where the 

carbon film had become folded back on itself. Prior to heatins the sample. a sharp 

edge was observed along the fold. while after heatin? a jagged ed_rr ~~3s seen sqzestinz 

estensive film degradation. 

The electron micrographs revealed that there Lvere x-ariations in both particle 

Fig. 2. Electron micrognph of particles formed on a silver grid with a carbon thin-Mm coating 
heated to 7OO’C for Z hours. Picture taken while heating. Xlzgnitication _ <t 100 :e _ The arrow points 
to an area where the carbon film has been degraded_ 
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Prefcrenti3i partick formation along impcrfcctions in the carbon film . 

consistent with a surface migration mechanism by which metal atoms arc transported 

from the grid bars 10 the carbon film. Gjasrcin ’ ’ h-1 pcintcd out. in fact. th:tt \vhcrr L x 

surface migation occurs the atoms \\ould hc found prcfcrcntially along such defects 

as those mcntioncd. Also. wrfxc migration \vould wcm to be the likely tranzpor: 

mechanism under the high ~:~cuum conditions found kvithin ths clcctrnn microscope. 

i 
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The presence of the metallic elements within the carbide particles W;IS de- 

monstrated by qualitative anrt!gis performed on individual particles bx electron 

microprobe :mrtlxsis. Becrluse of :I limited :lmount of available time on the scanning 

electron microscope. . -tnal_vsis \vas not made on stainless steel and titanium Srids. The 

data for this anal-sis is prescntcd in Table 3 and wrifics the prcscnce of the metals of 

the various microscope grids within the particles formed on the carbon films. A small 

amount of copper \vxs also found in the particlcs on all gids an:tl::zcd. The source of 

this copper ux most likeI>- :I copper sleeve of the objective pole piccc wiiich \v;is 

located directl_v bclo\v the sample. Copper_ bein= (1 a relarivcly volatile mtt:d. xi5 

apparently vaporized to some extent by the hcatin s and the copper atoms were then 
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T h e  m o s t  i m p o r t a n t  f e a t u r e s  o f  the  e l e c t r o n  d i f f r a c t i o n  d a t a  :Ire: I !  ) t h e  

.-,imilaritv in d - s p a c i n g s  f r o m  o n e  t y p e  o f  pa r t i c l e  to  a n o t h e r .  {21 the  la rge  n u m b e r  o f  

d i f f r a c t i o n  l ines o b s e r v e d ,  a n d  {3l the  p r e s e n c e  o f  la rge  d - s p a c i n g s  a b o , . e  5.0 A.  A n  

a l t e m p :  was  m a d e  to  c o r r e l a t e  the  d - s p a c i n g s  g iven  by  the  c a r b i d e s  f o r m e d  in these  

s tud i e s  ~,.ith the  d - s p a c i n g s  o f  k n o ; v n  c a r b i d e s  o f  the  s a m e  m e t a l s  in o r d e r  tha t  t h e  

.s t ructural  t ype  c o u l d  be  iden t i l i ed .  T h e  t h r e e  f e a t u r e s  g iven  : , b o s e  c o m p l e t e l y  

e l i m i n a t e d  i, ll o f  the  kno~', n b i n a r y  c d r h i d e s  o f  the  mclld.,, s t ud i ed .  A compari_-,on o f  !he  

d - s p a c i n g s  in T a b l e  2 ~ i l h  t h o s e  g iven  by  v a r i o u s  tern:_trx c a r b i d e s  led t,~ the  | \~l lowing 

conclu .s ion:  the  c a r b i d e s  f o r m e d  in this  study- g a x e  d-.-,pacings ~ h i c h  w e re  lhe  _-,ame 

I~; i thin e x p e r i m e n t a l  e r ro r}  as  tho. ,e  gb .en  by  a m i x t u r e  o1" the  c o m p l e x  c a r b i d e s  :vi th 

g e n e r a l  l ' o r mu lae  .X,l,,( a n d  . '~l : ;C, , .  w h e r e  Xl represents ,  an~  m e ta l  a t o m .  Andre~v.s =2 

ha:, ca l led  a t l e n t i o n  to  the  l, tct l ha t  these t ~ o  s t r u c t u r a l  t y p es  : ire c lose ly  r e l a t ed  

i b o t h  a r e  f a c e - c e n t e r e d  cuh i c l ,  a n d  :ire o f t e n  I o r m c d  s i m u l t a n e o u s l y  in m e t a l  allov.s 
at  l:igh Icn~.pe_'-ature_-,. Andrew, s .ga~e the  d-spacing.s  l 'or an  NI...C c a r b i d e  v. ith au  = 

! 1.06 :k a n d  an  x,!_..~(-, c a r b i d e  ~sith a,,  = l(}.6-,t A.  TI-e X - r a y  d i f f r a c t i o n  d a t a  l>r  all 

o t l : e r  kllt~X,~ll carl-ide.,, a r e  unxatb ,  l ' ac torv  in e x p k t i n i n g  the  e l e c t r o n  d i l l¥ , tc t ion  d a t a .  

a n d  tl ,crcl\+re,  th._" .x,.l C a n d  X.I_,_~(,. : , t ruc tu ra l  t_vpe_,, t:est repre : , en t  t he  : , t ruu tures  o f  the  

ca r l - ides  l ; , r m e d  on  the  c a r b o n  film.,,. 
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! ig. 11. ( a r b o n  L'nxironnlenI in I:~-;V~;( :::ld I( 'r . l-c.\~.l : ,( . , .  a.cc,:rdin,_, Io ( ;old.chnz:di-_ 

1he .~lruclurc o f  the M . ( "  carhidc~ ~sa~ lir~t ~tudicd h~ \Ve. tgren "~; for  t:ey~,Vy(. 

-l'l-i~ c a r b i d e  i., f a c e - c e n t e r e d - c u b i c  ta,~---:-II.06 .-\: , ,pace g r o u p  ()~,1 a n d  c, m t a i n s  

9(+ n l c t a ]  iltOll'Z~ :,l'.d 16 c a r b o n  ill,':'~;_, ill g.l u n l i  ct.H. ~ pt+rtion o f  the  uni t  cell is sh o ,v n  
I 

in Fi,,~_. 1 !.  We.st,.z, r e n ' _ "  al~o was  tl-e lir.st to  r e p o r t  t he  s t r u c t u r e  t , l  the  M_..,. ( , ,  :xl~e o f  

c a r b i d e s  as  d e m o n s t r a t e d  b,< (. ' r : . ;C,,  ,.,Alich has  a un i t  cell l eng th  -~1- 1{k64 .-\ {face-  

c e n t e r e d  c u b i c :  s p a c e  g r o u p  O~ }. T h i s  c a r b i d e  c o n t a i n s  92 m e t a l  a t o m s  a n d  24  c a r b l m  
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atoms in the unit cell. Figure 12 shows some of the details of the unit cell for an 

M.,,C, carbide according to Goldschmidt’. 

BOSDIXG COSSIDERXTIO~S 

The bondins in transition metal carbides is a detailed subject, and a num- 

ber 6-i ‘-*’ of appropriate works can be consulted- AIthou_gh an exhaustive treatmeirt 

cannot be given here. the significance of the resuits will be given in terms of previous 

theories of carbide bonding. RundIe”’ and En,oeI*’ presented initial theories of 

bonding applied primarily to the simple refractory carbides such as Tic and VC. In 

both cases. their attention was focused on the metal-carbon bondins interaction_ 

En_peI” sugested that there was appreciable ionic character in the metal to carbon 

bonds of the refractory carbides with electron transfer from the carbon species to the 
unfilled d-orbitals of the metal species. Copper. sib-er, and ZoId beins d lo systems 

couId not participate in this type of eIectron transfer. and therefore_ these metais 

would not form stable binary carbides_ RundIe‘s” theory of bonding in the binary 

carbides such 3s VC and TiC regarded the metal-carbon bonds as being covaient. 

Rundie suggested that one of the more crucial requirements for the metal species was 

thatit possesses unfiIIed d-orbitals again excIudin g the possibility that copper. siiver. 

Fe&C 

Fig II- Structure of Fe3W,C according to Westgren*4. 
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and SoId might form stable carbides_ or at least any reiated to VC. HfC. and Tic in 

structure to which these ideas of bonding were primarily directed. 
The results of this study showed that copper. silver, and gold did form carbides, 

although those formed had a more complex structure than the simple refractory 

binary carbides_ With the structure of the M,C and MI,C, carbides in mind. it is 
evident that the conclusions made by Rundle and Engel for the simple binary carbides 

may not apply here. An examination of Figs. 11 and 12 shows that in the M,C and 
Mz3C6 carbides there are more metal-metal bonds than metal-carbon bonds. The 
possibility of favorable metal-metal interaction in the MM,C and XI,,C, type of 
carbides containing copper. silver, or gold as the metal species may serve to explain 
why these structural types of carbides Lvere formed over Iess complex ones. 

These studies ha\-e shown that carbides of copper_ silver. and sold do form. along 

with the carbides of nickel. molybdenum_ tungsten, titanium and elements of stainless 
steel. In addition. the carbides studied were formed at significantly lower temperatures 
than commonly found in other studies made primariIy in the steel industry. These 
observations may therefore have significance when considering the chemistry of 

copper, silver. and zold alloys containing small amounts of carbon. 
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