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Ektrical brushes are used in direct current motors to conduct CuITenttothe 
rotating annature, ClaskaIly, brushes are developed for certain applications with 
the composition, i.e. carbon and/or graphite, metais, and additks, remaining 
propriew with the vendor: Analysis of some motor failures has indicated that the 
fSlure has resulted from brus&related problems_ To -- the o& tools availabk: 
for brush analysis have been resktivity, density, and st.rengthmeasureiuents. Together, 
these do not adequately descrii the brush probkxni This paper wili’prcscnt i me@od 
for brush evaluation using thermal anaiysk 



Composition of the brush samples was determined using wet chemistry, 
thermogravimetiy and calorimetry_ X-Ray, infked, and atomic absorption anaiysis 
wereusedtoverifythethermalanaI~resuIts,ThebrushSs~.~inaDSC,in 
this case the Perkin Elmer DSC-2, tc~detect the pk of metals other than copper_ 
~somecases,~eadortinarenrlAeAIfthese~etals-arep~~~~willshowup 
as a meIt peak_ It is possible, by m easuringtheareaunderthemeltpeakand~mparin~ 
it with a standard, to obtain t&e percentage of the added metal, usuaUy ‘pritbin two 

The metals are then extracted from the l&u& -birder study usink a k&m 
solutlohofI:IHNO,anddistiITedwater,This~isnecessary sin&~&p~r~ upon 
heating above 200% begins to oxidize to form CuO, i.e. _ -- I’ -’ 

_ _ 
1w25o-c 

cat1/202 --, a@. :. : .- . ’ _._ .--. _: -1 

. __ _. . _,1__ - _ ^ _ _ 

ThisreactionisshownasaFszightgainonthecarvein~~2 - 
sincetbistightgain occurs in the temperature region& of interest, it would 

obsaue the reactions under study ifnot reniov&:Metals content was 
peg’ *e ek& meti oI1 _k pa_ e&*. &&;- 
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Fig. 2 Weigh! pin due to oxidatiox~ ofcoppa- 
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Fig. 3. Deiinitim of pak oxidatii r.anpcrahnr. 

fi-action. The remaining insolubles (carbon., ‘_gaphite, etc_). were then washed witi 

distilkd water and dried at lOO”C- . 

Thermogravimetric aualysk of the insolubles W&S pe&o& usiug the Perkin 
Elmer TGS-I. Operating conditions were: 5.0 mg sample, 20°C min-’ I&&IQ rate 
and 20 cc min-’ air flow. Oxidation temperatures are taken at the peak of the 
derivativecukve,Fig_3. -- 

RESUZ~ANDDiSUJSSON : I .- 
.I 

Figure-4 shows a typi&l Dunn of the-insoM& portion of zi brush. As can be 
Seen from theakfc- a number .of thermal events occ&i thi i+uperature of ‘the- 
material is -raked. -The l&v temperktu~ events-majf be &@.ni~~i+ri&i$while th& 
higher kmp&r&ure &v&s -&re due &the +iation of @i&bon. olgka@hite_-In _tnis’ 

.- 



w there are two high temperatnre weight Iosses These events wiJl be disaned in 
the order in which they appear on the curve_ 

Urgank binders, snch as phenolic, are used to produce a sound compacf+xl 
part, andropmducetheamorphouscarboncontent ofthebrushduringthesintering 
step- Since binder content and type will have an effkct on the potential brush ooisc 
from a motor, it should be closely controlled, 

_ 
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Carbon 
Carbon can be found in a number of crystahine forms; graphite, amorphous 

carbon, and structures exhibiting properties between these two end-points are of 
interest for motor brush application, see Fig 6. The major difference for the diver- 
gencies found is the &r&ions in the spatial arrangement of the carbon atoms. In 
graphite, the carbon atoms he at the comers ‘of regular hexagons and @ atomic 
layers or planes are parallel to each other. In amorphous carbon, the he&go& 
atomic arrangement is somewhat deCnite in one pIane, but its arrangement in other 
planes is random, Upon graphitizing amorphous ca+on, the planes & platelets are 
fairly definite in two dimensions, but random in the third_ Due to the dif&ren~ in 
structure, material properties vary, and it was theorized that difkrent responses 
could be expected from ther&ogzwimetry, Variable thermogravimetric reqonja 
were observed for various forms of carbon and graphite eva3uated Basically, graphite 
should have a higher oxidation temperature than amorphous carbon_ The higher 
oxidation temperature is expiained by the higher activation w needed to initkte’ 
oxidation of the tighter and more highly ordered structure with T increasing as the 
degree of graphitization increases. = 

Figure 7 shows thermogravimetric curves for _-both amorphous carbon and 
natural graphite. A comparison of the oxidation tempektwes shows that thegraphite 
oxidizes at a’higher temperature_ A further test of diffiknti bet&en carbons and 
gra&ites was conducted by measuring the respon.&s~of difkent sampks obtained 
from various sources arouud the w&d. The samp&% I&ed are tabulated in X&e_ I _ 

. _ ._ . -_ ._-’ _:_;. 
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The Chest graphite exhiiited the tighest oxidation temperatune, 9OO”C, 
while the lampblack cxhiiited the ‘lowest, 640°C tioe rnatcriafs are common ti 
brush manufacture and are used either singIy or in comb_tiOn, . 

GSon&rphi2emixtz4r~ - 

Since t.he:peak oxidation tempexatures for amorphous-&n and graphite _ 

are substantidi~different (Fig- 8) a mixture of the two should prodxxe tx20 oxidati& 
peaks. Three samples of carbon and graphite were pv to test this hypothesis _ 

by blending 25,50, and 75 xvL-- % of carbcm with the graphite. Figure 9 &OS the 
rcsuitant DTG curves. Curves A and E are the carbon axid graphite tihile 33 through D 
are the blends. As can be seen from these curv&. two oxidation temperatrues & 
prescn~with-the temperature conap&iin@ to each~mpozu+ Actualpercen~ 
for each coinponent~ti be determined by mea&ing _w, areas wider the-cuwe. 

~-Th&efo~_y tbebrnsh zmdu-test is suppixe&y composed-of-bo~ carbon “n;a-: 



Fis IO- TG response from two brushes using tlte same jgaphite- Sampk A contaius a filminn agau- 

mutator, A fihning agent acts as a Iubricant for the brush If too little is added, the 
brush would wear down quickly due to friction, but if there is too much film, it 

&comes difficult to conduct current bctwecn the brush and the commutator resulting 
iniOStpd0 nnan~or,attheextreme,inabity ofthemotortoopcrateatalL 

During our investigations involvini graphite brushes, it was found that two 
samples using identical graphite produced different curves, Fig- 10. A possible cause 

of this difference would be if sampIe A were carbon and sample B, graphite. To 

evaluate this, both were subjected to X-ray diffraction anaiysis to determine if there 
were differences between the graphite used_ 

DifFerences in crystal structures have commonly been studied by X-ray diErac- 
tion -uzchn.iques for the past 3O~ycars_ It was felt that this procedure could be used to 

identifv the response found by thermogravimetry, 
As was discussed carher, the difference between amorphous carbon and graphite 

is structura! orderliness. This can be determined using X-ray diEaction to ascertain 

the atomic spacing between planes of atoms from the Bragg relationship_ The degree 
of graphitization is determined from the raw data by the following three techniqu_ 

(I) Measuring the 20 di@action angle and cakulating the ak value. Natt-ztl 
graphite should have a dA value of 3.35 for the basal (002) plane of atoms, and this 
valueofdAwillin crease as the degree of graphitization decreases, 

(2) The degree of graphitization can be determined by the number of diffraction 
peaks observed_ As the degree of graphitization increases, the intensity of minor 
crystalpIanesincreases and the number of observabie peaks increases. - 

(3) Measuring the broadening of the (002) basal diffiaction.peak, the height 

of the peak is measured as well as the width at l/2 the height_ .It wili be found that 
the ratio of the halfwidthbeight wii increase as the de&e of graphitizationdccmastx 

TabIcs 2 and 3 list the X-ray data obtained on the two samples_ As the degree 
of graphitization increases, the order of appearance of peaksshould be as shown in 
Talk 4. Ana&sis of the data indicated essentWy the.same high degree ofgraphitiza- 



TABLE 2 

i-RAY DIFFBACIEON DATA OF SAYPLE A 
_ 

1 
2 
3 
4 
S 
6 
7 
8 

IX 
11 
12 
13 
14 
15 
16 
17 
18 

z 
2l 
22 
23 
24 
25 
26 
27 

g-026 
6.759 
6-109 
3.723 
3-401 
3xX9 
2730 
2667 
3522 
2270 
2122 
2045 
1965 
1.827 
1.724 
1.698 
1-689 
l-678 
l-639 
157 
1335 
1.477 
l-364 
1.339 
1.297 
l-252 
l-238 

TABLE 3 

X-RAY DtFFBACt-EON DATA OF - B 

1 
2 
3 
4 
S 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

3.739 
3-414 

u36 

2127 
2cm 
2036 
1.801 
I-707 
1.69S 
l-683 
I%4 
l-z53 
1x57 
1X20 

Gtapkte 
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TABLE4 
-- __ 

OCQ 
004 
ioo 
11c 
006 
101 
112 
106 
103 

3-330 
l-675 
2130 
1230 
1-117 

tion between sampIes with the exception of the presence of MO& in sample A_ From 

this data, it wxs estimated that there was 840% Ma5, added to sample A. There 

were aiso a number of unidentikd peaks iisted in Table 2, which indicates a second 

impurity or additive. Due to the lack of standard data, we were unable to iden- 

ee=peaJrs- 
Since the only major difference between the two sample was the addition of 

MoSz to sample A, and sample A oxidized at a lower temperature, it was postukted 
that MoS, must act as a catalyst for carbon- To test this theory, a number of samples 
were prepared using naturai graphite and different percentages of MoS,_ Figure 11 

shows the responses obtained. As the quantity of No!& added is increased, the rate 

of oxidation of the _eraphite increases resulting in a lowering of the peak oxidation 

temperature, Fi g_ 12, Also, as the amount of MO& is increased, there is more residue 

remaining after the Ioss of the graphite. This residue is not thermaliy stable and 



F&J. 13- TGjDTG rcqxmsefiomabnnhahiMing~ nokcdWactcriStkS 

constantly loses weight throu& 1200°C A_eain, thermogravimetry has given aninsigh~ 
into the brush composition. If the brush being used should contain MoS,, thermo- 
gravimelxy will indicate it, 

_ - 

BrrufdnaZ’sis ‘. 

Figure 13 shows a brush conta.i& 6 o/, biier, as k&s&&d phenoli; and 
94% light@ gkphitized graphite. The degree of &aphitktion WA- G&&d thro&h - _P.._ -. . ^ 
the II& of X-ray a&y& -Ok& .the co&ox&&-~f~ a-brush are e&abl.kkil_&d 
identikd, any change .$I! sfiolw q~ on snbsequenttheqmgrav&ze& cur+ .I _r_:- _: 



FZg. 14. TG/DIG rapome hug a brush cxhiim cxccsiwnoist 

Motors produced using brushes similar in composition to that shown in Fig_ 13 

exhibited acceptabIe noise characteristics. During the course of testing, a group of 
motors using a new Iot of brushes had compktely unacceptable noise c~cterktics. 
Brushes from this lot were evaluated using the thermogravimetric technique, and the 
resniting curve is shown in Fig_ 14_ These brushes had two low temperature compo- 
nents, one occurring around ISOT, and the &her in the temperature range expcckd, 

25o-4oo”C. Infrared analysis rcvcakd that the low temperature component was 
organic binder that had not been cured, in this case, phenok A problem in the 
manufktuz of this group of brushes caused this and was not detected using normal 
brush testing techniques. 

Brush life is important in a ctosed motor where the brushes cannot be changed 
if they wear out It has been thought to depend upon frictionai forces, current density, 
atmospheric conditions, and brush temperature, Using thermogravimetry, it has been 
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~possible to detect compositional changes in a brush during its life, in this case greatly 
shortened- We. Analysis of the brush remains after life testing reveal& that the 
graphite portion of the brush had changed its c haracwistics, Fig- 15. Insz%i of the 
two component curve characteristics of the original brrsh, only one component is 
evident after life. This brush nominally contains 5% McS2 and, refzrring to Fig_ 11, 
th&DTG curve should contain two peaks, It appears, then, that the MO& is becoming 
depkted causing excessive frictional wear_ The mechanism for this depletion is 
currently undeYstudy_ 

I&h composition can be determined using thermal anaiysis, particuJ.arly 
thermogravimetry_ precision on the determination of component percentages is 
within two percent and oxidation temperatures within 10°C. 

By comparing with standards, it is possiile to determine changesincomposition 
Thermal analysis offers a quick, convenient method for kpecting brushes 

either during manufacture or by the user_ 

The author wishes to thank the General Motors Corporation for permission 
to present this paper. 


