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Research on Reaction�bonded SiC for Optical Application
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Abstract:Ultrasonic t reatment technology is ut ilized to fabricate RBSiC, and a new polishing
technolog y- float polishing is developed to process RBSiC. SEM, XRD, AFM. Raman scat�
tering and WYCO are applied to measure and analy ze the RBSiC and the polished surface.
The results indicate that the ultrasonic t reatment decreases the content of the f ree Si and
makes RBSiC denser and more uniformity. The float polishing technolog y is suitable for pol�
ishing RBSiC effect ively.
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1 � Introduction

� � Silicon carbide ( SiC) is a good ceram ic materi�
al for opt ical applicat ion because of it s many att rac�
t ive propert ies such as low density, low thermal

expansion coeff icient , high thermal conduct ivity

and high thermal resistance, etc. SiC w as used as

the replacement Be and glass in w ater�cooled laser
mirrors during the decade of the 1980� s, and it has

been used to fabricate lightw eight space mirrors

since 1986.

SiC is a family of materials in several forms,

w hich are convenient ly classif ied by processing

method. The primary processing methods involve

(1) hot pressing SiC powders, ( 2) format ion by

deposition, ( 3) reaction bonding of a silicon car�
bide g reen body w ith molten silicon.

1.Hot pressed SiC

Hot pressing produces the highest st reng th

and highest modulus SiC. M icrometer�sized SiC

powders are combined w ith suitable addit ives,

w hich serve as hot pressing aids and grain grow th

inhibitors. The resultant product is near l00%

dense ��SiC which exhibits except ional mechanical

propert ies. T he combinat ion of high pressure and

temperature required limits the size range of opt ical

structures and fabrication feasibility. The current

commercial material is ex tremely dif ficult to be

processed. However, impurity addit ives result in

decreased thermal conduct ivity and other chem ical

propert ies. The major limitat ion for hot pressed

SiC is the inability to form near net shape complex

conf igurat ions, w hich are required to lightweight

mirrors and opt ical st ructures.

2. Chemical vapor deposited( CVD) SiC

Chemical vapor deposited ( CVD ) SiC is a

100% dense �� SiC. The process uses a vacuum
chamber betw een 1275- 1350 � . The silicon car�
bide part icles are deposited on a graphite substrate.

The basic m icrost ructure is polycrystalline modular

and can be polished to < l. 0nm RMS. The materi�
al is ext remely hard and requires both diamond

tools and polishing compounds to polish. The ad�
vantage of CVD silicon carbide is its high radiat ion

survivabi1ity w hen it� s not deposited silicon rich.
The capability to deposit 0. 50�inch thick subst rates
has been demonstrated. However, this process is

limited in the size of substrates and is also very ex�
pensive.
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3. React ion�bonded SiC( RBSiC)
T he process approach involves generation of a

g reen body of silicon carbide. Generially, the g reen

bodies are fabricated by slip casting, and are

presintered prior to inf ilt rat ion w ith silicon. T he

infiltration process is carried out at a temperature

signif icantly higher than the silicon melt ing point

since bonding of the silicon carbide grain is the key

to developing good mechanical propert ies. T hese

procedures produce dense m icrost ructure consisting

of a bonded network of silicon carbide w ith isolated

regions of free silicon comprising ~ 30% . T he

tw o�phase microst ructure also presents some advan�
tages in other fabricat ion areas.

� � All the three process approaches produce dif�
ferent microst ructures and have been used success�
fully to make opt ics, in w hich, the hot pressed SiC

has excellent Weibull st reng th but is dif ficult to

form into complex shapes, the CVD SiC is the

most polishable but is limited by deposit ion thick�
ness, and the RBSiC is amenable to complex shapes

but dif ficult to polish cost�ef fect ively. The applica�
t ions has demonst rated that RBSiC has the most

flex ibility.

T he properties of RBSiC can be tailored by

controlling the grain size and the content of f ree Si,

and the uniformity of the microstructure also inf lu�
ences the propert ies of RBSiC. In this work, we

prov ide a new method to densify the microstructure

and decrease the content of Si in order to obtain

RBSiC w ith bet ter propert ies
[ 1�6]

.

2 � Experiment

� � The first step is to fabricate green body : mak�
ing a slurry of ��SiC grains, carbon�rich resin and
addit ives. During molding and cast ing, the ultra�
sonic t reatment technology is ut ilized. SiC grain

size is about 1�m~ 10�m.

T he second step is Si inf ilt rat ion: carbonizing

the g reen body , then firing it at the Si atmosphere

( at 1650 � ) . By this step w e obtain RBSiC.

T he third step is to process RBSiC. The RB�
SiC sample is ground and polished. The surface is

first ground by SiC for 8h and polished by Al2O3

for 8h, and then float polished for different periods

( Fig. 1) .

Fig. 1 � Flow chart

All the samples are measured and characterized

by SEM, XRD, AFM and WYCO.

3 � Result and discussion

3. 1 � Characterization of RBSiC

Fig. 2 is the SEM photo of the f racture sec�
t ion, which indicates that the RBSiC body is

dense; there aren� t any pores and m icrocracks.

Measured by a suspending method, w e obtained

the density of the RBSiC. The density is about 3.

09g/ cm3, w hich is higher than the reported re�
sults. F ig . 3 is the XRD scheme of the RBSiC.

These peaks are corresponding to the XRD posi�
t ions of ��SiC, �� SiC and Si. Calculat ing from the

scheme , the content is 9% for Si, 11% for �� SiC
and 80% for��SiC, approx imately.

Fig . 2� SEM : Fracture section of RBSiC: dense, with�

out pores and cracks
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F ig. 3� X�ray diffraction of RBSiC

3. 2 � Effects of ultrasonic treatment

Fig. 4 � SEM : Fracture section without the ultrasonic

tr eatment( � 2000)

Fig. 5� SEM : RBSiC w ithout the ultrasonic treatment

( � 2000)

T he ult rasonic t reatment plays a great role in

the fabricat ing process of RBSiC. F ig. 4 shows the

microst ructure of the green body formed w ithout

ultrasonic t reatment . There are large pores in the

body, the grains contact each other in a loose w ay,

w hich results in the format ion of pores w hen such a

g reen body is react ively bonded ( F ig . 5) . When

the ult rasonic t reatment technology is applied, the

green body is formed in a dense way. The grains

are combined closely, and the gaps between the

grains become smaller than that in the green body

formed w ithout the ultrasonic t reatment ( Fig. 6�
7) . Af ter react ively bonded , such a g reen body is

in f ilt rated thoroughly by Si ( F ig . 2) .

Fig . 6� SEM : After the ultrasonic treatment ( � 2000)

Fig . 7 � Zooming in: SiC gr ains covered and combined

by carbon( � 8000)

Fig . 8� Micro�Raman scattering of RBSiC: local r esolu�

tion of peak 1 and 2

3. 3 � Micro�Raman scattering
In Fig. 8, Raman spectra of ��SiC, �� SiC and

Si are shown. In case of �� SiC, two peaks can be
observed, one is at 972cm�1 which can be assigned
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to longitudinal opt ic( LO) phonon peak, the other is

at 796cm�1which is assigned to t ransverse opt ic
( TO) phonon peak. Also there are some weak

peaks in addition to LO and TO phonon peaks.

T hese peaks are supposed to be caused by some dis�
order or defects in the crystal.

Fig. 9� AFM : ground for 8h( using SiC) then polished

for 8h( using A l2O 3)

F ig. 10 � WYCO: polished for 8h( using A l2O 3)

��SiC ( including 4H and 6H ) show s strong

peaks at the reg ion of 100cm
- 1
~ 300cm

�1
( TA re�

g ion ) , 760cm- 1 ~ 800cm�1 ( T O reg ion ) and

965cm�1~ 975cm�1 ( LO region) . Expanded spectra

of TO and LO reg ion are show n in the up�right . At
the T O region, 6H shows a w eak peak at the same

posit ion as �� SiC ( 796cm�1) and the peak of 6H is

located at 789cm�1. At the LO reg ion, we can also

dist inguish spect ra of �� SiC from ��SiC( 6H) [ 7�8] .
3. 4 � Polishability of RBSiC

Fig . 9 is the AFM of the surface ground by

SiC and polished by Al2O3 for 8h, respect ively . Be�
cause of the hardness dif ference between Si and

SiC, the Si part in the RBSiC body is removed eas�
ier than SiC. All the � mountains� left on the sur�

face are SiC g rains, so we can conclude that the

RBSiC body consists mainly of SiC. F ig. 10 is

WYCO result of the said surface, Ra is about

35nm, which shows RBSiC is dif ficult to be pol�
ished by tradit ional methods. Fig. 11�Fig. 12 show
the said surface polished by another unique w ay-

float polishing. In the course of the f loat polishing,

the surface quasi contacts w ith the polishing pan.

With the spin of the pan, polishing liquid polishes

the surface uniform ly. After 12h f loat polishing,

Ra is about 3. 4nm, w hich shows that the float

polishing is suitable to process the bimodal medium

such as RBSiC.

F ig. 11 � WYCO : float polished for 12h

F ig. 12 � Surface after the float polishing ( 30mm)

Fig . 13 � AFM: Ex ist ing form of�- SiC and its combi�

nation wit h��SiC
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3. 5 � Existing form of �� SiC

F ig. 14� AFM: Ex isting form of ��SiC

Fig . 14 is a zooming view of Fig. 13. Due to

high hardness , �� SiC is lef t af ter polishing pro�
cess. When Si infiltrates the green body, carbon

reacts w ith Si to form �� SiC. So �� SiC ex ists in

the surface of ��SiC or betw een the ��SiC grains,
where are the very place covered or combined by

the binder�the carbon�rich resin. T he ex ist ing of ��
SiC guarantees the well bonding betw een Si and ��
SiC grains.

4 � Conclusion

� � 1. The ult rasonic t reatment can improve the

density of RBSiC.

2. During Si infilt rat ing, �� SiC is formed by
the react ion of Si and carbon, w hich makes a w ell

bonding betw een Si and ��SiC.
3. T he RBSiC w e fabricated possesses good

polishability, and can be w ell polished by the float

polishing.
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