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SPECIAL REFRACTORY MATERIALS FOR USE IN GAS REFORMING 

The term special  refractories includes products made largely from synthetic 

raw materials rather than from natural  occurring minerals.    This discussion 

will cover the high alumina and alumina-silica (ceramic fiber) portion of 

the special refractories field, the products used in the ammonia plants. 

During the first portion, I would like to review the products that will be 

Involved and the raw materials from which they are made. 

1 Alumina Bubble Products 

a. Alumina Bubble Castables. 

b. Alumina Bubble Shapes. 

The primary synthetic material here 1s the alumina bubble.    It 1s made 

by blowing a stream of molten high purity alumina that 1s being poured 

from a furnace (with the molten alumina at about 3700°F) with jet of high 
velocity air. 

FiautE 1 
KOWNS ALUMINA »JULES 
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FIGURE 2 

ALUMINA BUBBLES 

FIGURE 3 

ALUMINA BUBBLE CROSS SECTION 
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The word castable as we use it Indicates that the product 1s bonded with 

a calcium aluminate hydraulic setting cement.   This material is usually 
installed by casting, gunning, hand packing, or trowelling techniques. 

The shapes are generally made by compaction methods, for example, hydraulic 
pressing and fired to a suitable temperature such as 1600°C. to develop the 
bond. 

Typical data for these products 1s covered 1n Figurts 4 and 5. 
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2.      Dense High Alumina Products 

The key materials here are high purity particulates, sintered alumina oxldt 

and/or high purity fused aluminum oxide. 

The sintered alumina is formed into spheres about 1" in diameter and fired 

to high temperature, then crushed to size. The fused material is produced 

by melting high purity alumina in an arc furnace then cooling and crushing 

it to size. 

FIGURE 6 
ARC FURNACE 

FIGURE 7 
FUSED ALUMINA GRAIN 



These wry high alumina products ire required In certain application 
artas, not only for their refractoriness but also for their resistance 
to reaction in hydrogen atmospheres.    Refractories containing appreciable 
quantities of silica are degraded under conditions in which the hydrogen 
reduces the S102 to S10 and H20, both of which are lost in service. 

The castables, both the bubble and dense alumina varieties, are bonded 

with high purity calcium alumínate and this bond is not seriously affected 
by the hydrogen or steam environments.   Typical property and composition 
data for the dense alumina products er% found in Figures 8 and 9. 
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FIGURE 8 
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Sintered Alumina Balls and Fused Alumina Lumps 

Sintered alumina balls or fused alumina lumps are used to support the 

catalyst bed in the secondary reformer. 

The fused alumina, is crushed and graded  into lumps about 2" x 3",  1  1/4" 

x 2" and 1/2" x 1  1/4".    The Al?03 content is 99.5% with a packing density 

of 130 to 140 PCF.    The sintered balls are made by forming spheres of high 

purity calcined alumina and firing at high temperature.    An advantage they 

have in this application is the more predictable packing because of their 

consistently spherical  shape. 

Ceramic Fiber 

As with the bubble alumina, this product, an outstanding high temperature 

insulation material,  is made by blowing a stream of molten alum1ni-s1l1ca 

with a jet of high pressure air or steam.    However, this composition 

fiberizes instead of forming bubbles as with the high pyrlty alumine melt. 

F!6UR€ 10 - 

BLOWING CERAMIC FItfft 



FIGURE 11 

CERAMIC FIBER 

Hit two major types of ceramic fiber currently available commercially 

are considered to be suitable for temperatures as high as 2300°F or 

2t00°F depending on the s111ca:alum1na ratio. 

Typical chemical analyses are shown 1n Figure 12. 

Ceramic Fiber Compositions 
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FIGURE 12 

Tut last product that I will mention Is a Men alumina sintered material 

that It used largely for wear or abrasion resistance.   It Is mide primarily 

frm fine «rained Men purity calcined alumina and fired to 1«00*C.   Typical 
Properties for this product Is shown In Figure 13. 
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In the primary reformer, temperatures range between 1800 - 2100°F and the 

atmosphere 1s oxidizing. In the past these units were lined with Insulating 

firebrick. The trend Is now to use ceramic fiber linings. In some units, 

only the arch 1s ceramic fiber with the walls constructed of firebrick. In 
others, the entire lining 1s ceramic fiber. 

The high temperature fiber Is the one most widely used since high temperature 

shrinkage is minimized and Insurance Is provided against run away conditions. 

Some of the reasons for using fiber Instead of brick are as follows: 

Lower Heat Storage Capacity 

Lower Thermal Transfer Rate 

Lower Heat Input Requirements 

Lighter Steel Structural Support 

FIGURE 15 

The fiber form used here is the blanket or felt. The Installation technique calls 

for the use of refractory metal studs, for example, Inconel 601 or RA 330. 

FIGURE 16 - Melding Studs on Mill FIGURI 17 - Impaling Ceramic Fiber 
Blanket on Studs. 
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The blanket or felt is impaled on the studs and a mullUe refractory cup Is 

used to lock and hold the fiber 1n place. 

FIGURE 18 Stud and Ceramic 
Cuplock. 

FIGUHC If - Co*letln, 
Fffctr Blanket Insolation. 

A special ceramic fiber plastic ciment 1s forced Into the hole 1n the refrectory to 

»oth protect the stud from the environment and help lock the unit in place. 

k J 
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Insulatlon of the weld joint between the catalyst tubes and the outlet mani- 

fold In the primary reformer is of particular interest.    Here the pipes are 
of dissimilar alloys and the internal pressure is high.    The two layers of 
3/4" blanket typically used are covered with one layer of wet blanket molded 
into place where it dries hard, effectively insulating and preventing the weld 
joints of the harp from cracking or rupturing. 

fimt 20 - Ceramic Fibtr 
Insulating Welds. 

In eld reformers two to three um% 0f 1 IncH thick ceramic fiber blanket 
can be Install«! over the insulating brick to reduce shall temperature to 
about 175°F, thereby saving considerable fuel. 

Flaure 21 Includes details of two different secondary reformer designs.   This 
pressure vessel operates at 400 to 500 pslg with c«*utt1on temperet*» of 

about 2WF and an exit aas temperature of approximately 1N0*F with partial 
pressures ef hydro ton and stet». 
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FIGURE 21 

SECONDARY REFORMER LINING DESIGNS 

The design on the right 1s typical of the MW Kellogg unit 1n which a water 

jacket 1s utilized to generate steam.   The one component lining, dense high 

alumina castable, 1s resistant to high temperature hydrogen and steam and 

provides the balanced heat loss necessary for steam production. 

The design on the left used by others Incorporates a two component lining to 

provide shell temperatures consistent with the ASME pressure vessel code re- 

quirements for the carbon steel shell material and allowable stresses.   The 

Inner portion of the lining 1s the dense high alumina castable with the alumina 

bubble insulating castable as the back up or outer material to minimize heat loss. 

The high alumina products (very low S102) are selected for this application to 

resist silica stripping by hydrogen and steam and to resist Iron reduction. 

The high density castable 1s used as the working lining to resist erosion by 

the high velocity gases and possible entrained particulate. 
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Tin catalyst bed support 1s a critical area.   Here dense high (99%) 

alumina brick or shapes are used regardless of the specific design Involved. 
TMs material  1s selected for Us strength at temperature as well as Its 
ability to withstand degradation by hydrogen. 

Figure 22 shows a particular design assembled to verify fit. 

FIGURE 22 - High 
Alumina Catalyst 
Support Dome. 

The graded calcined alumina balls or fused alumina lumps are placed on the 
dome and support the catalyst bed.   A layer 1s also placed on top of the 
catalyst bed to protect the catalyst from the erosion and corrosion of the 
high temperature, high velocity gases.   A section of the dome charge Is 
Illustrated 1n Figure 23. 
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FIGURE 23 - Cross Section 
Catalyst Bed. 

Next we come to the transfer lines.   TI» first is the primary line «Mch 

carries tne proctss gas at up to about 16508F fron tne primary reformer 
furnace to the secondary reformer.   The secondary Huts carry gaits from 
the secondary reformer to the «este heat boiler with temperatures up to 
1850°F. 

The two beste designs 1n current use are shown 1n Fifvre I«.   The too unit 
1s water jacketed. 
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FIGURE 24 
PRIMARY REFORMER TRANSFER LINE DESIGNS 

In the bottom dtslgn, the dense high alumina inner layer is provided to 

resist erosion by the gases and entrained particulate.    We believe, however, 

that, rather than use this approach, if the entire lining were made from 

the alumina bubble insulating castable it would perform very satisfactorily 

since It has good strength and  integrity and since the erosiveness of the 
gas - particulate combination is modest. 

The last unit in this system 1s the waste heat boiler.    It both cools the 

process gas and generates steam.    The temperature of the entering gases range 

up to 1850°F.    The high alumina bubble castable is recommended to protect the 

tube sheet and channel.    Although Figure 25 also shows the use of a dense 

erosion resistant castable we believe that the bubble product again 1s suffi- 

ciently strong to resist the erosive effect of the gas. 



-16- 

BFW OR STEAM 
4 

C7  rs 
AuJMNA BUBBLE       a , f 

CASTAtLf   -  .   ^"jtr•'•'u-^; 1 

CERAMIC 
FERRULES 

EROSION 
RESISTANT 
CA8TAILE- 

TUK SHEET   SHELL 

FIOUHE 4 
FERRULES EMPLOYED WITH VAAKMJS CASTAM.EI 

TO mOTCCT TUtE SHEET ANO flUNMCL 

FIGURE 25 

SINTERED HIGH ALUMINA FERRULES IN TUBE SHEET 

Dense sintered high alumina ferrules are used to protect the tube inlets from 

the very high velocity gases entering the tubes.    This material   is outstanding 

in erosion resistance and is also superior in its ability to withstand the 

degradation that can be caused by hydrogen and water vapor. 

One of the problems inherent in the waste heat boiler is the fouling of the tubes 

by solids.    The solids have been largely silica, condensed from the silica 

stripping of refractories by hydrogen, as well as other oxides that come from 

deterioration of insulating castables used  in the primary and secondary transfer 

lines.    The use of the high alumina products that we have presented minimizes 
this problem. 

In summary, the special refractories that we have reviewed here today have 

established themselves as important elements in the operation of ammonia plants, 

on the basis of both increased safety and Increased efficiency, at lower cost 



Uniled Nations Industrial Development Organization 

*hc   :*alrr.  and Operatic nf ,Wtl. ,  fi'.^- 

""*   M hi,    InJia, 

'•M:; tribut) on 
UMíTEP 

JD/h!.'.'';^/,' 

Original:  BNCÏ.lSli 

^¿^Í^2B^2!i:J^^ IN CAS  RS PORMI NfJ- .V 

P f.  Miner» 

This  paper wir,  review t.iu- v.» u'  ,•. variotv of  -i*.ri*ì   «.«r..> • , 

1- t-'iíl'íf; ,    M'ir   ,!Ì:<MÌri,<,    fir?(]. 

?. P',h! 1<-  h l'ih  ,» hiiilriri,   fjvpH. 

3. f»crKf   -.iriL^rf;.-) .ilumina. 

4. n*nsr hvjf-, s Mi«Ina castable. 

5. Subbie hiqh .il un i na ca:-Ub\e. 

6. Ctfrir.i-.f   f i!i,ir blanket. 

The characteristic of PJCh o^duct will be discussed as will the 

reasons for recommending  'heir use i„ such areas as primary reformer 

Mnfngs,  transfer lines and ^.ond^ry line,.    rubë anci  tube sheet 

protection will be covered. 

Sketches and charts will be provided In the preprint and they will 

be prepared as 35 rwi slides tor the oral presentation. 

This document  ha«, be« «„Li °    Ï*9 BecNtariat «<" Witt). 
JI.V-^I- "»producM without  formal editing. 



• • 




