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SLAG-IRON AND STEEL 

By Cheryl Cvetic Solomon 

Ms. Solomon, a physical scientist with S yean {.;.S. Bureau or Ml!M9 experlenct., has been the commodity specialist for iron and 
steel sla& slnce 1990, Domertic survey data were prepared by Barbara McNalr, mineral data assistant. 

Iron and steel slags are byproducts 
of the iron and steel industry and 
provide an important source of raw 
materials for construction and road 

building.. Slags are used in mad bases, 
asphalt concrete aggn:gates., concrete: ag­
gregates and products, glass manufac­
ture, mineral wool, railroad ballast, sew­
age treatment, and soil conditioning. 

In 1990, the: Federal Environmental 
Protection Agency (EPA) permanently re­
tained iron and steel slags in the: Bevill 
amendment, or mining waste exclusion, 
under the Resource Conservation and 
Recovery Act (RCRA). Iron and steel 
slags are, therefore, not subject to Federal 
regulation as hazardous wastes. 

Research during the year emphasized 
the use of granulated slag, particularly in 
cement. The Australasian Slag Associa­
tion was fonned in Sydney, Australia, to 
expand the already considerable use of 
slag in the Australian and Asian markets. 

Domestic coru;umption of iron slag 
showed a moderate increase when com­
pared with that of 1989, while the con­
sumption of steel slag stayed at the in­
creased level that it had reached in 1989. 

DOMESTIC DAT A 
COVERAGE 

Data for saks, use, and transportation 
of iron and steel slag are developed by the 
U.S. Bureau of Mines from II voluntary 
survey of U.S. processors. Of the 99 oper­
ations canvassed, 99 responded, rcpn:scnt­
ing 100% of the total sales or use quantity 
data shown in table I. Value data had to 
be estimated for several operations using 
reports from prior years adjusted by 
industry trends. 

SLAG-IRON A.'m STEEl.,-1990 

BACKGROUND 

Ddlnltlons, Grades, and Specificatlom 

Slags are produced in many metallur­
gical operations, but this publication 
deals exclusively 'A-ith iron slag and steel 
slag, produa:d during the ironmaking 
and steelmaking processes. Slag quanti­
ties arc given in shon tons except where 
otherwise indicated. 

In the production of iron, the blast fur­
naoc is charged '11,ith iron ore, flux stone 
(limestone and/or dolomite). and coke for 
fuel. Two products arc obtained from the 
furnace: molten iron and slag. The slag 
consists primarily of the silica and alum­
ina from the original iron ore combined 
with calcium and magnesium oxides from 
the flux stone. It comes from the furnace 
a.\ a liquid al temperatures of about 
2, 700° F, resembling a molten lava. 

The blast furnace operation is a con­
tinuous proc.css. The raw materials arc fed 
into the top, and the products, molten 
iron and liquid slag, arc drawn off at regu­
lar intervals throughout the entire day. 
The slag is usually run into iron ladles for 
conveyance to the cooling pit, or ii may 
run straight into a cooling pit close to the 
furnace. 

The density and porosity of the slag are 
affected by the conditions of cooling as 
well as by its chemical composition. De­
pending upon the manner in which lhe 
molten slag is cooled and solidified, three 
distinct types of blast furnace slag can be 
produced: air-cooled, expanded, and 
granulated. 

Air-<-0oled slag is allowed to run into a 
pit adjacent to the furn~ or is trans­
ported in large ladles and pourod into a 
pit some distance away. Solidification 

talces place under the prevailing atmos­
pheric conditions, after which cooling 
may be accelerated by water sprays on the 
solidified mass. After a pit has been filled 
and cooled sufficiently to be handled, the 
slag is dug, crushed, and screened to 
desired aggregate sizes. 

Expanded slag is formed by controlled 
processing of molten blast furnace slag 
with water, or with water and other 
agents such as steam or compressed air, 
or both. The formation of gases and 
steam increases the cellular or vesicular 
nature of the: slag, producing a light­
weight product. Se\·eral methods of ex­
panding the slag are employed im·olving 
the pouring of molten slag in open pits or 
the use of mechanical devices, one of 
which produces paniclcs in pellet form. 
Expanded slag is a strong lightweight 
aggregate suitable for malcing lightweight 
concrete, either as· building blocks or as 
structural clements for buildings, or for 
bridge declcs, for example. 

Granulated slag is produced when mol­
len slag j5 cooled rapidly by means of 
high-pressure water jets, and it solidifies 
into a glassy, granular product. This is the 
most rapid cooling process, producing lit­
tle or no crystallization. The granulated 
slag may be crushed and screened or pul­
verized for various applications. 

When added to cement, granulated 
slag enhances the properties of ordinary 
cement. For example, it will increase the 
resultant concrete's durability in a marine 
environment, where concrete is subjected 
to sulfate attack. 

The stccl industry also produces steel 
slag during the sleelmaking prO<XSS. The 
manufacture of steel involves the removal 
from the iron of excess quantities of car­
bon and silicon by oxidation. Steel slag is 
composed of roughly 50% lime. The other 
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two main constituents an: silica and iron 
oxide. Different types of steel slag are 
generated from the open hearth, baqic 
oxygen, and electric arc furnaces. 

Owing to skid resistant properties of 
both blast furnace and steel furnace slag, 
many State agencies or Slate departments 
of transportation have specified slag for 
use in any asphalt surfao: application 
having a high volume of traffic. The State 
of Illinois specifics the use of either blast 
furnace or steel furnace slag for road con­
struction.1 In the Greater Chicago area, 
the use of steel furnace slag is presently 
specified in these applications. 1be State 
of Indiana presently specifies that at least 
50%ofthecoarseaggregateportionofthe 
asphalt mix be blast furnace slag.1 

lndllSU'}' Structure 

In general, most slag processors oper­
ate under contract.~ of 3 to IO years with 
steel companies. The services the slag 
processors typically offer to the steel mill 
industry are hauling 1111d transport of the 
slag away from the mill site, processing of 
the slag. and recovery and distribution of 
metallics and nonmctallics. Because slag 
hauling and processing facilities arc capi­
tal intensive, the slag processors usually 
try to negotiate a long-term initial con­
tract with the steel company to recover 
the capital in\'estmenL Subsequent con­
tracts may be shorter. 

Depending upon the specific situation 
at the mill site, the slag processor may 
assume ownmhip of the slag at the point 
of discharge or process for a fee and/or 
market the finished product and pay 
royalties to the steel company on sales. 
Some steel companies may allow the pro­
cessor to share in royalties on these sales. 
Although there are many variations in the 
way a particular slag processor and steel 
mill will set up their agreement, two pos­
sible options arc considered here. The slag 
company may be paid to haul and trans­
port the slag. process it, and market the 
finished product. The steel company, in 
tum, receives a royalty on the completed 
sale and a purchase discount on material 
rccyclc:d to the mill. Secondly, in a minor­
ity of the contracts, the slag processor 
takes ownership of the material and pays 
little or no royalties to the mill. In thi5 
situation, the slag processor would be 
assuming 100% of the site development 
and capital costs, including facilities for 
screening, metallic separation, and crush­
ing and heavy equipment, such as slag pot 
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haulers, to move the material around. 

Tedmology 

The slag pelletizer wa.~ developed by 
National Slag Ltd. in Hamilton, Ontario, 
as a means of bringing very high gas emis­
sion lc"-cls typical of the "pit foaming" 
process under control.3 Pclletiz.cd slag is 
produced by expanding molten blast fur­
nace slag under water sprays and then 
pas.\ing the flow of this pyroplastic mate­
rial over a spinning drum on which fins 
arc mounted. The fim break up the slag. 
which then forms into pellets owing to 
surface tension. While previous expand­
ing processes have been of the batch type, 
thi.\ is a continuous process so that gas­
eous emissions arc effecti\'ely diluted by 
generation over a long period of time:. 
Because of this rapid cooling, the pcl­
lctizcr can be thought of as an .. air 
granulator." 

National Slag Ltd. now has licensed 
the process in many countries, including 
Australia, England, France, Japan, 
Sweden, and the United Stat.es. Current­
ly, in Canada, about 400,000 metric ton.~ 
of slag is pellctiz.cd annually and separ­
ately ground for use as a cementing mate­
rial by the St. Lawrence O:ment Co., 
Lafarge Canada Inc., and St. Mary's 
Cement. The pelletizcrs are installed near 
Hamilton, Ontario, where the major steel 
producers are. 

Operatln& Factors 

Until recently, in Canada 1111d the Unit­
ed States, portland cement was relatively 
cheap, and there was no inccnti"-c for the 
ready-mixed concrete industry to use 
alternative cementing materials. 4 Environ­
mental concerns combined with high ener­
gy costs have forced cement companies to 
seek alternative cementing materials that 
can partially replace portland cement in 
concrc1c. ln the construction industry, the 
search for less expemive types of binders 
has led to the utilization of ground granu­
lated blast furnace slag. among other 
byproducts, to partially replace high ener­
gy consuming portland cement in concn:tc. 

ANNUAL REVIEW 

Leplation and Government Propams 

On January 23, 1990, the EPA pub­
lished its final ruling concerning retaining 
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iron and steel slags permanently under the 
Bevill exclusion of RCRA until the EPA 
completed a required report to Congress 
and made a regulatory determination.~ 
As in the September, 25, 1989, proposal, 
the Agency evaluated the 20 mineral pro­
cessing wastestreams by applying the 
high-volume and low-hazard criteria us­
ing a multistep process. lhe first ~tep 
entailed applying the high-volume criteria 
to the available waste generation data. 
Mineral processing wastes generated 
above the volume criteria thresholds (an 
average rate of 45,000 metric tons per 
facility for nonliquid wastes) pa..~ the 
high-volume criterion. In the second step, 
the Agency evaluated each of the 20 
wastes with respect to the 10\1,·-hazard cri­
terion using the relevant waste character­
istics. EPA considered a waste to pose a 
low ha:r.ard onl)• if the waste pas§ed both a 
toxicity lest (Method 1312) and a pH test. 
Finally, the results of the first two steps 
were consolidated. 

In July 1990, the EPA released its 
Report to Congress on Special Wastes 
From Mineral Processing (RTC).6 

RCRA required the EPA Administrator 
to determine whether regulation of iron 
and steel slags as hll7.ardOIL\ wastes under 
subtitle C, along with 19 other mineral 
prooc:ssing wastes, was warranted. This 
was to be done within 6 months after 
publication of the report. The Agency 
accepted public comments until October 
1990. These were to be used in the final 
regulatory determination. No comments 
were ra:eived opposing the RTC recom­
mendation that regulation under subtitle 
C for those wastes is inappropriate, and 
the EPA was expected to conclude in 
1991 that regulation under RCRA subti­
tle C is unwarranted for iron and steel 
slag wastes. 

Production 

American Aggregates, of Dayton, OH. 
a building material company with sand 
and gravel, limestone, and slag operations 
in the Michigan, Indiana, and Ohio area 
was acquired in February 1990 by C5R 
Australia. CSR Australia is a leading 
Australian building and construction ma­
terials company with operations in Aus­
tralia, New Zealand, North America, and 
Europe. Con.,Lroction materials include 
aggregates, sand, cement, premixed con­
crc1c, and asphalt. 

CJ. Langenfekler & Son Inc., a gener­
al contracting company based in Balti--

SLAG-IRON A..'ID STEEL-19l0 

7/6/2010 



Page 1 of 1 

more, MD, acquired the Maryland Slag 
Co. from the Arundel C.orp. in Sep­
tember 1990. Langenfelder is invol\•ed in 
site and civil work, such a~ construction, 
roads, tunnels, and landfill. Arundel 
Corp. was to market the blast furnace slag 
products for Langenfeklt:r. 

Harsco C.orp~ of Camp Hill, PA, estab­
lished a wholly owned subsidiary com­
pany to process slag and reclaim metal in 
Yugoslavia through its Heck:ett Div., 
ba~ in Butler, PA. (Sec Yugoslavia in 
the World Review section ofthls report.) 

In 1990, Koch Minerals Co., a division 
of Koch Industries of Wichita, K.S, began 
the construction of a granulation facility 
to process all slag production from the 
WcirtDn Steel No. 1 blast furnace in Weir­
ton, WV. Work was also begun on a 
facility to grind these granules into 
cement. Koch's grinding and granulation 
plant was to begin operations in 1991. 

Koch Minerals was also contracted by 
USX to process slag at the USX Gary, JN, 
works in 1990. lbis included air-cooled 
and expanded slag from five furnaces. In 
addition, Koch signed an agreement to 
in.stall a granulation plant at the USX No. 
13 blast furnace and then to process the 
slag granules into cement. Koch planned 
to start up the granulation and grinding 
facilities by late 1991. 

lbe Levy Co. of Portage, IN, was in­
volved iu many projc:cts utilizing slag. 
l..evv used 67,000 short tons of blas1 fur­
n~ slag to construct a brc:akwater for 
the Hammond Marina, Hammond, L~. 
LeV}' also complctcd construction of the 
Beta Sr.eel slab finishing plant, in Portage, 
IN, in proximity to Bethlehem Steel The 
project employed 40,000 cubic yards of 
concrete aggregate, 90% of which was 
pumped. 

The SLH.ndard Slag Co., Eastern Div., 
based in Coraopolis, PA. supplied more 
than one-half million tons of slag for the 
new Greater Pittsburgh International 
AirporL Standard was using air..::ooled 
slag coarse aggregate extensively to con­
struct the airport. Slag was being used in 
runways, ta.~ways, bridges, and tunnels 
for the new landside and airside termi­
nrus. The entire project is expected to be 
completed by 1992 

Standard Slag al~o built a new plant at 
Browns Re.~ve in West Miffiin, PA, a 
slag bank where there is in excess of 16 
million ton.~ of blast furnace slag. It is 
estimated that 700 to 800 thousand tons 
of slag per year will be obtained from this 
reserve to keep up with the demand for 
slag. The slag was produced during the 
lime period of the mid-1920's to the 
mid-l960's. 

Ba.o;ed on American Iron and Steel 
Institute data, domestic production of 
iron and steel slag rc:mained essentially 
unchanged. Sales and consumption of 
iron and steel slag, however, increa<ied 
moderately when compared with the level 
of the previous year. lbe value of bl115t 
furnace slag increased compared with 
that of 1989, reflecting its w;e a~ a substi­
tute for natural aggregates, which in cer­
tain geographic locations may be in short 
supply. 

Consumption and u~ 

Commercial IL-.e of sl11g reduces cost 
and landfill requirements for the iron and 
steel industry. Slag, in its use as a syn­
thetic miner-al fiber, has a unique cost­
performance relationship that makes it a 
preferred rctw material in industrial appli­
cations and as a building material 

TABLE I 

Sales of slag products generally reflect 
demand from the construction indust,y. 
The Department of Commerce n:poned 
that value of new construction in 1990 
declim:d slightly (2% decline estimated) 
compared with that of 19&9_7 The value of 
highway and street construction increased 
from 1989 to 1990. 

Air-cooled blast furnace slag continues 
to be the predominant form of iron slag 
processed in the United States, account­
ing for more than 90% of blast furnace 
slag sales in 1990. The mos1 significant 
increase in 1990 in end use for air-cooled 
slag was as concrete aggregate. Air-cooled 
blast furnace slag is used in road base, 
asphallic c.oncretc aggrc:gate, fill mineral 
wool, and gla,;s manufacture. (See table 5 
for related data}. Mineral wool is used in 
ceiling tile in commercial and residential 
buildings and in various thermal and 
acomtical insulation applications." Min­
eral wool exhibits low thermal shrinkage 
and high melting point, which makes it 
ideal as a fire-resistant material_ 

Grctnulated and expanded bla~t fur­
nace slag accounted for the remainder of 
the iron slag that was sold or consumed in 
the United States. Consumption of com­
bined e;,;pandcd and granulated ~lag de­
crc:ascd by 15% from that of I 989 to 
1,450,000 tons valued at $26,448,000. 
Granulated slag was predominantly IL'ied 
in 1he manufacture of cement and expand­
ed slag in the manufacture of lightweight 
concrc:tc blocks. 

Reported steel slag consumption in­
creased slightly compared with that of 
1989 (see table 6). It is rc:ported by some 
slag companies that 90% of steel slag pro­
duced is being used. Steel slag used in 
asphaltic concrete and concrc:te aggregate 
increased moderately from that of 1989. 

IRON AND STEEL SLAGS SOLD OR USED1 IN THE UNITED STATES 

('Thousand 1bon IOM and lhou.,.uul doUan) 

Var Air-,,ookd f-xpand<d' 

Q1W11ity Value Quantity 
1986 IJ,501 58,899 1,fn9 

1987 14.447 6.5,943 1,n4 

1988 U,242 69,415 1.658 

1989 13,7113 66,574 1,706 

1990 IS,147 n,863 1,450 

•vn-oa,olqll'XO!aplanL lll<hoks"""""'1¥11 .. o1a1&r .. ......i opnajoas. 
'lftdcdit:l~lbww:id.r.c.:.nt ~ 1-'tllp,tieUL~ dK.L 
'o..&a mayaot .sd1o'll:iWl.sl!.:)lau ~ ~~l ~EZIJ. 

Su.G-IROX ANDSTEF,l,-1990 

Value 

.33,liSI 

33.750 

32,139 

29.143 

26.4-lll 

Bla.1 furnace .slag 

Total iron slag1 

Quantil)' Value 

15,31!(1 92,750 

16.221 99,693 

15,900 IOl,S54 

IS,489 95,717 

l6,597 104.311 

http:/ !images.library.wisc.edu/EcoNatRes/0004/0001/XL/103 7 .gif 

Sttd•lag Total llag' 

Quantity Value Quantity V"111t 

S,689 17,&83 21,068 II0,6JJ 

5,0U lS,787 21.2J.4 115,480 

5,714 18,0SS 21,614 119,614 

7,376 2.C,056 22,865 119,772 

7,55l 22..268 24,149 126,578 
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TABLE2 

BLAST FURNACE SLAGS SOLD OR USED IN THE UNITED STATES, BY REGION AND STATE 

(!now.and short tons and thousand dollan) 

1989 

Region and Stale AiKOOlai. SCRened Total, 
and umaccncd all lYJI"" 

Quantity Value' Quantity Value' 

North Central: 
Illinois, Indiana, Midiipn w w w w 
Ohio 2,818 IS,m w w 

Total w w 8,819 •1.sn 
Middle Allaatic: -- = --

Maryland, New Y01k, West Virginia !.)SI 7,234 w w 
Pmnsylvania 2.591 14,9()9 w w 

Tocat' 3,942 22,323 w w 
Ulldii1Jibu1Cd1 7,023 is,.m 6.670 S4,!4S 

Grand total' 13,7113 66.574 IS.4&9 95,717 

W W"~hl,d,l to-~-y l"•pri,ury da; - in "TOIII ad Vodiotribulal-• •v-.-.. ..a.spr;,..,-_ 
1""'"'- ,...._., c.u--. Cobado, lttmuoty, Trxa. U,..._ ad thal irdi<atod "7 .,._,. ...... •a.a __ ..,,., ___ .,~-... 

Tramportation 

Most slag is used within about a 30-
mile radius of its source. Transportation 
costs malce slag uncompetitive with natu­
ral aggregates when transportation dis­
tances exceed about 30 miles. Some slag 
may be delivered over greater distances to 
areas that do not have other natural 
aggregates for use in construction and 
roadbuikling. 

Of all the iron and steel slag products 
sold in 1990, 87% travclod by truck, with 
an average marketing range of 30 miles; 
5% traveled by \\'atcrway, with an a,•cragc 
range of 251 miles; and 3% traveled by 
rail, with an u-crage range of 176 miles. 
The remaining 5% was usod at the plant 
where it was procesKd (see table 4). 

Markets and Prices 

The average price, f.o.b. plant, for all 
iron blast furnace slag was about $6.28 
per ton, a slight increase over that of 1989 
(see table 7). The price of air~lod blut 
furnace slag increasod from $4.83 to SS.14 
per ton in 1990. Granulated and expand­
od slag price information was withheld to 
avoid disclosing company proprietary 
data. The unit value for steel slag de­
creased by l0%from that of 1989toS29S 
per ton. 
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Foragn Trade 

Statis(iQdevcloped by the U.S. Depart­
ment of C.Ommerce, Bureau of the O:n­
s115, indicated that approximately 148,026 
tons of granulated blast furnace slag was 
importod into the country during 1990. 
The breakdown was as follows: 137,006 
tons from Belgium valued at Sl,243,002, 
11,000 tons from Australia valued at 
S89,622. and 20 tons from Fr.mce valued 
at SS,662. Japanese: imports also rcport­
odly entered into the country through the 
Port of Los Angeles, CA, and 100,000 
tons of Canadian imports reportedly en­
tered into the country primarily through 
Detroit, Ml, Cleveland, OH, and Balti­
more, MD. The Canadian imports may 
be, in fact, expandod or pelletiz.ed slag. 

World Rmnr 

Awtralia.--Thc Australasian Slag As­
sociation, based in New South Wales, 
Australia, was formed in 1990 by a group 
of leading steel, cement, quarrying, and 
slag processing companies in Australia, 
Japan, New Zealand, Singapore, and the 
United Kingdom. The slag industcy in 
Australia processes and markets approxi­
mately 4 million tons of slag per year. The 
a.uociation 's goal is to increase public 
awareness of the propc:rties and value of 
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1990 

Air-cooled, :i=etlCd TOia!, 
and lll15aCencd alll)~ 

Quantity Valuc1 Quantity Va[u.,I 

w w w 
w w w w 

9,413 "4,733 10,006 48,882 

w w w w 
2,691 17,991 2,891 20,628 

w w w w 
3,043 IS,139 J,701 3-4.802 ---

15,147 77,863 16.597 104,311 

slag products and thus to widen the use 
of slag. 

Blue Circle Southern Cement of Syd­
ney, Australia, grinds slag prodooxl by 
Australian S~I Mill Services in ball mills 
for use in cement. Blue Circle used the 
blast furnace slag in the Sydney Harbour 
Tunnel to impro\'e cement properties in 
the concrete subject to sulfate attack. 
Sydney Harbour Tunnel's submerged 
concrete tunnel segments were built in 
1990. The segments contain approximately 
200,000 tons of high-quality, sulfate-rcsis­
tant concrete, made possible by the addi­
tion of blast furnace slag. Installation of 
the set.1ions was planned for Sydney Har­
bour in 1991. 

BHP Steel in Newcastle, Australia, 
contracted with Stcclstonc Pty. Ltd. to 
process and remove basic oxygen furnace 
slag for the next 10 years. Stcclstone was 
first to recover metallics for recycling in 
stcclrnalcing and the sinter plant and then 
to produce and market road construction 
aggregate. Stcelstone is a joint venture of 
South Coast Equipment Pty. Ltd. of Pon 
Kembla and the Slag Reduction C.O. 
(SRC) of Rotherham, both of which !ipc· 
cialize in steel mill services. Although the 
use of ba.~ic oxygen furnace slag as a 
roadmaking material is new to Australia, 
SRC has been turning processed and 
graded steel slag into coated roadstone 
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T R A 1.1,J 

PROCF.SSORS OF IRON AND STEEL SLAG IN THE UNITED STATF.s IN 1990 

Slq souroc 

Company Plmt localion 
Iron Stoel Bla.<t fuma,oc -- •la& type Blast Banc oxygen Open Elcdric uc 

furMOC fumaoe heanh fumaoc 

Alexander Mill S..--m Proop<d, PA X -
American~cs N.wMiami,OH X Air-cooled. 

Do. Middlc:101111, OH X Do. 
Blue-Circle Atlantic Inc. Sparrows Point, MD X Granulattd. 

&ffalo Cl'Ulhcd Stone Buffalo, NY X Afr-a.oltd. 

Dunbar Slq Co. Inc. Whnllaoo, PA X X X l>o. 

Founlain Sand and Gravel Co. Pucblo,CO X Do. 

fritz Enierpriscl Inc. Lonin, OH X Do. 
GmcolaSlqCo, Pmn Hills. PA X -
Heclu:tt Co, Emeryville, CA X -

Do. Fom.ana, CA X -
De,. Bourbonnais, IL X -
l>o. CbiQgO, IL X Air-cooled and expanded 

Do. Sterling. IL X -
Do. Indiana Harbor. IN X --
Do. Ashland, KY X X Air-cooled. 

Do. Coalton, KY X -
r>o. Ntw')IOl1, KY X -
Do. Owensboro, KY X -
Do. K.ansaa, MO X -
Do. Jackson. MS X -
Do. 0.ariollc, NC X -
l>o. ~ton.OH X -
Do. Mamfidd,OH X -
Do. Warren, Off X X -
Do. Bu~.PA X ·-

Do. Fairleu Hills, PA X -
Do. Johmlown, PA X -
Do. Satrona Height&. PA X -
Do. Gcorgccown, SC X -
Do. Geaeva. UT X X Air-cooled. 

Do. Kmt,WA X -
Do. Seattle, WA X -

Hempe Bro.,, 111(:. Stcielton. PA X -
lntcrnatiooal Mill Service Fnn Smith, AK X --

Do. PudJlo,CO X -
Do. Claymont, DE X -
Do. Tampa.FL X -
Do. Atlanla, GA X -
Do. Carlenvillc, GA X -
Do. Alton, IL X -
Do. Chicaso, IL X X X Air-cooled. 

Do. Granite Coty, IL X -· 

Do. Hunlinglon, IN X -
Do. Laplace. LA X -
Do. Ratti more, MD X -
Do. Jai:bon. Ml X -
Do. Monroe, Ml X -
Do. St. Paul. MN X --
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TABLE l---Con1inued 

PROCESSORS OF IRON AND STF..EJ. SLAG JN THE UNll'ED STATES IN 1990 

Slag M>I.U'CI! 

Company l'lanl Jota1ion 
Iron Stc,el Blast furnace -- <lag type Bw.t ~ico~yp,n Open Elcdric arc 

fumaa, fumaa: hearth fun~ 

ln1cmational Mill Sen·ic:e-Continued X:111111as Cily, MO X -
Do. Penh Amboy. NJ X -
Do. Nc1>port, MN X -
Do. Sa.Paw,MN X -
Do. Ri,'Erton, NJ X -
Do. Marion, OK X --
Do. Middletown, OH X -
Do. Mir,go Junaion, OH X -
Do. Smid Spri,,p. OK X -
Do. Be.i=F~.PA X -
Do. BurgetlltOWll. PA X -
Do. Ccalen-ille, PA X -
Do. Midland, PA X -
Do. Prictdale, PA X X -

Do. Readift& PA X -
Do. Jackson, TN X -
Do. lle,wmom, TX X -
Do. El Paso, TX X -
Do. Jc-t. TX X -
Po. Longview, TX X -
Do. Midkilhilln, l'X X -· 
Do. Plymouth, ITT X -
Do. Weirton. WV X -

C. J. l.ana,:nfcldcr & Son loc. Spano,... l'oint, MD X -
Do. Braddock, PA X -

Edward C Levy Co. l>c:croit,MJ X X X Air-cooled and expa11dcd. 
ibe Levy Co. loc. Burns Harbor, IN X X X Do. 

Do. East Chicago, IN X Air..:ooled.. 
Do. Gary, TN X -

Muytand Slag Co. Balt.imott, Ml) X Air-cooled. 
Koch Minerals Guy,IN X Air-cooled and expanded. 
Sbcridatt Corp. Lebanon, PA X Do. 

The Staadllrd Slq Co. Gtanile Cit)', IL X Air..,ooh:d. 
On. Cb.,Jand,OH X Do. 

Do. l..ard,town, OH X Granlllat.ed. 
Do. McDonald, OH X Air-cooled. 
Do. Mingo Junctio11. OH X Do. 

Do. Wamen, OH X Do. 

Do. Weirton, WV X Do. 

Do. Wcsl Mifilin. PA X X X Do. 
Do. Wcst AUiq'!!ppa, PA X X X Do. 

Do. (Rrn11-n Resern:) West Mifflin. PA X Do. 

Slcin, l11t. CleYel.and, OH X X -
Do. Lotaill. OH X X -

SL LouJ.s Slag Producb Co. Granite City, IL X Air-cooled. 

Vulcan Materials Co. Alal>mia Gty, AL X X Ou. 

Do. Fairf,eJd, AL X X Do. 

w~co. Balil-C)m•)'d, PA X Air-cooled and expanded. 

Waytite Corp. Bcthkhem, PA X Do. 
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SHIPMENTS OF IRON AND 
STEEL SLAG IN THE 

UNITED STATES IN 1990, B\' 
MEIBOD OF TRANSPORTATION 

Qu.,,tily 
Method of 1nmsporta1inn (thou.11"'1 

short tom ) 

Truck 21,127 

Waterway 1,189 

W 101 

Not transported (used lll phllll si1c) 1,132 

Total 24,149 

since the l930's. BHP began work on the 
slag utilization project in 1986. Between 
200,000 and 250,000 tons of slag pro­
duced annually at the steelworks was 
expected to be absorbed by the proccs:i. 

Steel Cement Ltd. was formed in 1989 
by Independent C.ement & Lime Pty. Ltd. 
(45%), Ube Industries Ltd. (26%), Ade­
laide Brighton Cement Investments Ltd. 
(20%), and AICIA Pty. Ltd. (9%) with the 
int.en! of u.~ing Australian granulated 
blast furnace slag in cement production 
and other areas. In 1990, Steel Cement 
shipped 11,000 tons of the granulated 
blast furnace slag to Hawaii to be used as 
fertilizer for cane fields as its first export. 

Sau/Jr Ajrial. Rq,ub& of.-Ji;cor gran­
ulated 152,000 tons of slag at Pretoria 
Works for USC in ccmc:nt, 548,000 t(lDS al 
Vandcrvijlpark (63% for c:cmcnt), and 
576,000 tons at Newcastle (37% for ce­
ment). The Republic of South Africa 
experienced a severe depression in the 
construction and mining industries in 
1990 and did not us.e all of its available 
capacity for granulating slag. Iscor's stccl 
slag production in Pretoria was 142,000 
tons in Vanderbijlpark and 190,000 tons 
in Newcastle. "The concept of utilizing 
blast furnace slag to produce cementi­
tious material was first researched in the 
Republic of South Africa in the 1950's. 
After successful trials on lscor slags. 
Building Binders Ltd. was formed to 
exploit this technology, and a plant was 
built in 1955 at Vanderbijlpark adjacent 
to the 1.scor worb. The business pro­
gressed rapidly and, in 1962, the three 
major South African cement compan­
ies-Pretoria Portland Cement, Blue Cir­
cle, and Anglo Alpha-acquired the 
shares of the company, and the: name was 
changed to Slagment Ltd. Based on the 
success of this venture, a second plant was 
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TABLES 

AIR-COOLED BLAST FURNACE SLAG SOLD OR USED 
IN THE UNITED STATF.S, BY USE1 

(l"ho..,and shon tons and thou58Ild dollars) 

u ... 1989 1990 

Quantity Value Quaatity 

A5Phaltic roncrtlc :aggrqaie 1,613 8,171 2.IJ6 
C-0ncn:1c aggrcpte 1,394 8,(143 1,7W 

Coocrt!C products 412 2,586 474 

Fill 1,651 5,119 I..SS8 
Glul manurocturc w w w 
Mineral wool 510 3,W 581 

Railzoad ballast 248 1.2&5 397 

Road !me 1;r16 32.981 7,667 

RooflllL huil1°up and ,hinglt, 92 1,027 7ll 
ScWll~ trutmenl w w w 
Soil conditionin8 w w w 
Ocher' 527 J,474 49-4 

T,>bfl IJ,783 116.574 15,141 

W ~'r:Nwk1 to ;ii~ acKlltr,.:-t='ftpNTy p~ ,b.t:11: hldLIW ,.ilh--ottwr'" 
1\'M&at h&lilCld on d.ln.,, p~ M ,WU. 
1111:Wdn: i«i ronrrol1 m.w:c,111:n:icaK. ssd u,n irdiatcd bi,- ,yabd W 
'Dal. ml)' QOI idd 10 laull sbaw,n, bea:.&.uif gf lndepmdmt roundaa,. 

TABLE6 

Page 1 of 1 

Value 

12.049 

I0,405 

2..5S7 

5,84,C 

w 
3,614 

2,024 

36,817 
126 

w 
w 

J,817 

77.863 

STEEL SLAG SOLD OR USED IN THE UNITED STATES, BY USE1 

(Thousand •hort IOlll and Ibo~ dolbn) 

u .. 1989 

Qwmtity Valluc 

Asphaltic concrete ~ggrqiatc 969 3,835 

F"ill l,J74 5,057 

Railroad balwt 213 670 
Roadba,cs 3,141 9,169 

Oibcr' 1,679 5,325 

Toutl 7,J16 24,056 
1£..-u:tudw li:inMp rrturwd lo fuma::it for dtarfe ma:cnll V&lcbaaal CDdfl.l, priee lfll pil.m. •-I«-IOU~ ml-.,. .... 
10... mlJ' IIOl .add 1D 10W, lhrr,m h:l::a:uir: nf ~ toUnoiiaJ 

TABLE·7 

1990 

Qum,til)' Value 

l,OM 3,153 

1,005 ),510 

m 621 

.l,lR2 8,901 

2,071 6,081 

7.552 22,268 

AVERAGE VALUE PER TON AT THE PLANT FOR IRON AND STEEi, 
SLAG SOLD OR USED IN IBE UNITED STATES, BY TYPE 

Year 
Iron blau furnace •las 

Air• Oranu- Expaoo-
cooled lated ed 

ToW Stttl Tow 

irnnd,,s >l8ll •lag 

1986 $4.36 w Sl2.57 S6.0J SJ.14 $5.25 

19117 4.56 w w, 6.15 3.15 5.42 

1988 4.87 w w 6.39 3.16 5.48 

19119 4.83 w w 6.18 3.26 5.24 

1990 S.14 w w 6.28 2.95 5.24 
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TABLES 

AVERAGE SELUNG PRICE AND RANGE OF SELLING PRICES AT THE PLANT FOR 
IRON AND STEEL SLAG IN THE UNITED STATES IN 1991, BY USE 

(Dollan ptt sbon ton) 

Iron blast. fu.matt dq 
u .. Air-<:Ocl«d G 1'111 ula!al 

A-ase bqe A..,.. RIIIIF 

.o.lpNbconcrae~e 
C-..t manufactun, 

~lgJqate 

Con(meprodllClS 

Fill 

Gian manufaawe 

!Jalrt...,... concrele aa:pqale 

Miuon:I wool 

Railroadballalt 
Road bas 

Rooru,g. l>ull1•11p ,nd ohin~ 

Sew• trCMfflefll 

So,1 coftllibolilil& 
Otbet" .... -.. ..--......_""""""" ...... 

built in 1966 at Pretoria. Aft.er this, Sla!l­
ment increased prodllClion from tllc ini­
tial 65,000 tons per year lo ti00,000 tons 
per year. In 1!185, the third plant was built 
near the Newcastle ironworks, and today 
the time plants ha~ a production capaci­
ty of 1.5 million tons per year of ccmenti­
tious slag material. The Newcastle plant 
was subsequently sold to one of Slag­
ment's major customers, Natal Portland 
Cement, which now manufactures the pro­
duct under license to Slagment. 

U.S.S.R.-Approximatdy 88% of the 
slags produced in the U.S.S.R. is utilized. 
Blast furnace slags amounted to more 
than 4I million tons. Of that amount, 
about 25 million tons was granulated, 16 
million tons was used 11$ building stone, 
and 85,000 was used as mineral wool. 
Steel slap accounted for a lillle more 
than 9 million tons. Of these, 375,000 tons 
is used l'5 sl.a8-lime fcr1iliz.er imd a little 
more than 7 million as building stone.• 
Slag was used mainly in the production of 
cement, concre~, and in slag wool and in 
road conruuction and agriculture. Ac­
cording to U, S.S.R. economic indicaton, 
including price, labor, and cost of produc­
tion, slag industries were profitable. 
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5.M 2.44-10.00 

w w w w 
5.85 2.50-10,00 

5.39 J.90-10.00 

J.75 l.'46- 7.2' 
w w 

6.ll 4.41•10.25 

S.34 3.81- S.00 
4.SO 2.7;. 8.00 w w 
9.29 -4,00-IU6 

w w 
w w w w 

,.16 1.93- 7,J7 

The Chcrepovcts works in the U.S.S.R. 
produces granulatQi blast furnacr slag. ie 
The granulating complex processed slag 
from the Krivorozbstal steelworks. The 
granulators grind and crush the molten 
slag, as well as hydraulically transpon, 
dcwater, and collect the granulated slag 
from the blast furn~ without the use of 
cindc:r cars. 

Uniltd K~.-Appleby Gro11p, 
South Umbmide, continued to increase 
its penetration into theccmcntitious mar­
ket in spite of the rctCSSion in industry. 
The Group has mllde major inroads into 
the conacte, glass, and abrasi"'CS mar­
kets. Frodingham, the largest company in 
the Appleby Gro11p, produced ground 
grllllulatcd blast furnace slag for U5C as a 
ci::mcnt extender. It was the first· such 
producer in the Unitoo Kingdom. 

Appleby has invested in high-pressure 
roller crushen to inaease production. 
The environmental co~ms in the Unit­
ed Kingdom have p115hcd iron manufac­
turcni; toward production of granulated 
and away from air-cooled blast furnace 
slag, This ucnd is lilcely to continue. 

Ya,o.aavla.-Hanco Corp., of Camp 

'1 
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Sltd •'-a 
Ellpandcd 

A=qo R4ngr Avnag,t hngc 

2.96 0.-46- '· 75 

3.49 .IS-10.00 

w w 

2.80 .l9- 5.'72 

w w 
2.8' .JS- 5.j9 

Hill, PA, established a 100%-ownedcom­
pany for metal m:lamation and slag pro­
cessing in Yugoslavia through its Hecltctt 

. Div. Dcsignak,d Beckett Yugoslavia Ltd., 
the new comp1111y was one of the fil'lll 
U.S.-fundcd projects to begin opcrlllion.s 
in Yugodavia since the liberalization of 
foreign im·estmenl laws by the Yugosla• 
vian Govcrmcnt in 1989. The new oom­
panyentered into along-icnn contract for 
slag proci::ssing and met.al recovery at the 
Metalurski Kombinat Smedcrcvo(MKS) 
stccl plant in Smcdcn:vo in the Republic 
of Serbia near Belgrade. 

Curna.t Research 

Currenl n:~.iu-ch was dominated by 
that done on granulated blll.'lt rumaa: 
slag. A study at the Canodn C'.entic for 
Mineral and Energy Technology (CAN­
MET) of the Energy, Mines and Rcsour­
oes C-anada reviewed the use of gnnu• 
lated blast r umllCC slag in concrtte in 
Canada.11 Thm: 11rcas were co\-crnl: mix­
tu~ proportions and properties of fresh 
concrete incorporatin[t slag, mechanical 
properties of concrete incorpo111ting slag, 
and durability of concmc incorpurating 
slag. The mixture proportions of granu-
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laled blast furnace slag to be used in con­
crelc depend upon the specific job. As an 
example, granulated slag would replace 
25% to 50% by weight of cement if the 
goal V."e!C to conserve cement in concrete 
operations. Howe\'er, if the purpose were 
lo increase: concrete durability, such as 
sulfate I'Cllistance, then the slag contenl 
would be at least SO% of the total cementi­
tious material. Because each slag has a 
unique chemical composition, glass con­
tent, and fineness, ii is necessary to per­
form exploratory investigation.~ with the 
ocment, aggregates, and chemical admix­
tures to be used in each specific project. 

The mechanical properties of concrete 
incorporating slag are highlighted by the 
compressive strength dcvelopmenl of slag 
concrete. Compressive strength devclop­
ment, as well. depends upon the type, 
fineness, activity index, and the propor­
tions of slag used in concrete mixtures. 
QI.her factors that affect the performance 
of slag in concrete arc the watcr-to­
cementitious materials ratio and I.he type 
or cement used. 

Toe increased durability of portland 
cement concrete incorporating slag re-­
suits primanly from a finer pore structure 
and reduced contents of easily leached 
calcium hydroxide in the hardened ce­
ment paste. Also, the dilution of the reac­
tive component of the portland cement by 
the replacement of ccmmt by slag con­
tributes to increased rcsi.,tance of slag 
concretes to sulfate attack. 

Se,..eral studies completed at CANMET 
in 1990 illmtrate I.he above areas. Toe 
amount of slag replacing cement has been 
limited in the past by the relatively slow 
strength development of the slag. The 
studies have shown that, in slag concretes, 
strength development can be accelerated 
by the addition of al.ka1i activators such as 
lime, sodium hydroxide, sodium carbo­
nate, sodium silicate and, in general, salts 
of weak acids and strong bases. The pur­
pose of the study was to formulate the 
proportioning of concrete mixtures made 
with ground-granulated blast furnace slag 
activated with sodium silicat.c and to 
determine their properties and durabili­
ty.12 Six concrete mixtures were made 
using ground-granulated blast furnace 
slag, sodium silicate, lime, crushed lime-
5tone, natural sand, and a hydrocarbon 
air-<ntraining admixture. Among the con­
clusions, it was found that the sodium 
silicate-to-slag ratio was an important 
factor affecting the properties of fresh and 
hardened concn:te and that the compm.--
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sive strengths were comparable to or j Unh•en;ity ofToron10, and the results ofa 
higher than those of portland cement . 10-year stud}' of slag exposure to sulfate 
concrete with equivalent water-to-cement solutions were published. 1~ The major 
ratio and workability. finding was that replacement of a 50 per-

In another study at CAN MET, me- cent by mass of normal portland cement 
chanical properties of slag, abrasion rcsis- by slag provided equivalent or better sul­
tancc, and chloride-ion permeability of fate resistanee than sulfate-resistant port­
concrete incorporating ground-granulat- land cement. Sulfate resistance was 
ed blast furnace slag from northern Onta- found to decrease with increasing slag 
rio were invcstigatcd, u Nine concrete alwninum oxide content and to imprO\'e 
mixtures were made with the water-to- \loith reduced slag permeability and rc­
cementitious materials ratio of the mix- duct<! slag calcium hydroxide content, 
tures ranging from 0.4S to 0. 70. The per- among other fadors. The n:sults of the 
centage of slag used as a replacement by study are based only on particular pellet­
mess for the portland cement varied from ized slags ground to a specific fineness. 
0% to 50%. Among other findings, the Researchers at the University of Shcr-
51.rength development characteristics of brooke, Sherbrooke, Quebec, Canada, 
the slag concrete indicated that granu- studied the microstructural development 
lated blast furnace slag can besatisfactor- or a very high strength concrete contain­
ily used as a partial replacement for pon- ing 10% silica fume, 30% slag replacement 
land cement in concrete. for cement, and a high-range water-re-

Engincers at the Department of Civil ducing admixture_l6 Cllemical and min­
Engineering ADFA in Australia invcsti- era! additives traditionally have been used 
gated the possibility of using slagment 10 improve the properties of fresh and 
(65% cement and 35% slag) ins1ead of hardened concrete and to rcduc.c costs by 
plain cement to manufacture structural- replacing cement with low-cost ind us trial 
grade concretes. 14 The strength de\-clop- byproducts. The concrete displayed high 
ment of three grades of plain cement con- early strength and reached 94 MPa at 28 
cretes, portland blast furnace slag days. Past experience has shown them to 
concretes, and concretes in which 15% be very efficient components in the pro­
and 35% of slagment was replaced by fly duction of very high strength concrete. 
ash (ternary blends) were tested. They The benefits of blended elements incorpo­
found that low and medium-strength rating slag for high-strength concrete pro­
slagment concretes reaching 20 and 35 duction have been illustrated during the 
mcgapascal5 gave higher strength than construction of~ova Scotia PIB.7.aY 
those cast with plain cement. However, Portland cement containing 50% to 
the addition of fly ash to slagment gcner- 80% blast furnace slag has higher resis­
ally decrca'ICd concrete strength. In addi- lance to seawater attack and to alkali­
tion, the results suggest that the strength silica reactions and a better development 
oftheslagmentconcrctcsarelwaffected of strengths than ponland cement "The 
by lack of curing than the strength of the Laboratory of Metal Engineering and 
plain cement concretes. Mineral Geochemistry, Ecole Superieurc 

Slag-blc:ndcd cements have been used Energie ct Matcriaux, Universite d'Or­
to improve the sulfate resistance of con- leans, France, investigated 1hc influence 
crete in Europe for decades. However, of the nature of solid and aqueous solu­
thcy had not been widely used in North lions on the composition of the hydrated 
America because slags had limited avail- slag.11 To understand the properties of 
ability. Toere were also concerns that not cement and concrete containing slag pow­
all slags pe1formcd equally because of ders or sands, the researchcn determine 
variations in slag composition, reactivity, the structure, composition, and origin of 
and fineness from different sources. In the hydrated layers grown after different 
addition, until the I 970's in Canada and reaction times. Two $ynthetic glassy slags 
the United States, portland cement was with high aluminum and magnesium con­
not expensive, and there was no reason to tents were hydrated at 40" Cat time peri­
fmd substitutes for it. Thus, in Canada in ods ranging from 4 hours to 150 days in 
1976, with higher energy costs renewing water and alkaline solutions. Glassy slags 
interest in slag, a research program was in alkali media were more highly reactive 
begun at McMaster University to moni- than in water. 
tor concrete and mortar !lpOCimcns incor- Researchers at the Regional Research 
porating Canadian slag. Research con- Laboratory in Assam, India, ha\'e ilivcs­
tinued at Trow Ltd. and then at the 1igated the activation of low-lime, high-
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alumina granulated blast furnace slag by 
anhydrite to prepare supersulfated slag 
ocment}9 The latent hydraulic pi:operty 
of granulated blast furnace slag is advan­
tageolL~ly used in making various ocmen­
titious binders by activating it with differ­
ent activators, such as ordinary portland 
cement. Toe hydraulic activity of a slag 
depends mainly on its glassy phase con­
tent and chemical composition. In gener­
al, the higher the glassy phase, the lime 
and alumina contents, the higher is the 
hydraulic property of the: slag. Ordinary 
portland cement clinker (commercial 
grade) and slag procured from the Rour­
kela steel plant wen: ground separately in 
a laboratory ball mill. The researchers 
concluded that the optimum quantity of 
anhydrite required to make super­
sulfated slag cement from a low-lime 
(26%), high-alumina (27%) Indian blast 
f umace slag L~ in the range of I 5% to 20%. 
The enhancement of strength characteris­
tics in the latter stagtS of hydration was 
attributed to the formation of calcium­
silicate hydrates.. 

'The King Fahd University of Petro­
leum and Minerals has investigated the 
long-tcnn corrosion-resisting charact.eris­
tics of concrete incorporating s~ or 
pozzolans. 20 They investigated the corro­
sion-£CSisting characteristics of concn:tc 
samples made Y.ith a blast furnaa: .slag 
cement, two Oass F fly ashes, a natural 
pouolan, and a pn:blcnded portland-fiy 
ash cement. Specimens were immersed in 
5% sodium chloride solution for a period 
of more than 5 y=, and the corrosion 
activity was evaluated by monitoring the 
half~ll potentials and measuring the 
corrosion rate of embedded steel using a 
linear polarization rcsislance technique. 
'The investigators concluded that the cor­
rosion rate of steel in concrete made with 
blast furnace slag cement is lower than in 
the other concretes tested. 

Investigators at the Building Research 
Station have studied the hydration behav­
ior of refractory aluminous cement and 
ground-granulated blast furnace slag over 
a range of temperatures.l1 Commercial 
high-alumina cements (HAq show a 
reduction in compressi\'e strength when 
kept in a hot and hum.id atmosphere over 
a prolonged period of time. It has been 
claimed that the strength los.s suffered by 
HAC under hot and humid conditions 
can be counteracted by the addition of 
sufficient quantities of ground-granulated 
blast furnace slag to the ocment. When 
kept in hot water over a long period of 
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time, the 1:1 cement plus slag mixture has 
not shown any reduction in strength. The 
researchers concluded that there an: chem­
ical interactions between the cement and 
the granulated blast furnace slag that 
form sulfate hydrates and accompanying 
gel material. These: inhibit the formation 
of the hydrate phase that is responsible 
forn:duction in strength of HAC concrete. 

Ground-granulated blast furnace slag 
is recognized as giving specific qualities to 
the composite-cement concrete making it 
superior to concrete made from portland 
cement alone. 'Ibe Department of Me­
chanical and Process Engineering at the 
University of Sheffield, England, studied 
the engineering properties of slag con­
crete when 50% to 70% by weight of port­
land cement was replaced by slag. n The 
study emphasized that adequate drying 
should be an essential specification when 
slag is incorporated in conc:n=tc. Pro­
longed drying of inadequately cured slag 
concrete can adversely influence its long­
tenn durability owing to internal micro­
cracking and loss of elastic modulus. 

The U.S.S.R. studied the reduction of 
dust and gas emissions from slag forming 
mixtures used in continuou.~ casting.23 

Introduction of elfccti\'e means of recov­
ering waste products was investigated. It 
wasdiscO\-ered that the basic components 
of the 8lli emissions are the fiourine and 
carbon compounds, the quantity of which, 
depending upon the mixture, composes 
from 1.8 to I0.4 milligrams per gram of 
mixture. When using granulated slag, the 
dust emissioT\li an:: insignificant. 

OUTLOOK 

The use of granulated slag is expected 
to increase oY.ing to environmental and 
cost considerations. Using granulated 
slag reduces energy cost~ that would be 
higher when using portland cement All 
more companies decide to granulate slag. 
more slag may be used in cement, and lesy 
may be available for use as an aggregate 
in building and construction. Granulated 
slag production capacity may exceed de­
mand as the amount of slag consumed 
approaches an upper limit for slag use in 
cement. On the other hand, in some areas 
of the country, there may be shortages of 
blast furnace slag because of blast furnace 
shutdowns. Then: may also be shortages 
in steel slag as a result of an expected 
downturn in the steel industry in 1991. 

The slag industry is expected to pursue 
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markets in traditional areas such as build­
ing and road maintenance and resurfac­
ing as well a~ to seek nontraditional 
niches. The use of slag and fly ash as a 
substitute for open graded fill is one such 
nontraditional area. Slag used in ways 
other than as replacement for natural 
aggregates will represent a new area for 
slag to be used in the future. Slag indu.ruy 
demand, both for cement and aggregate 
end use. depends upon the construction 
industry, which in tum depends on gener­
al economic conditions. 

Events of the p~t few years have indi­
cated that then: continues to be foreign 
interest in acquiring U.S. slag companies 
and that the total number of U.S. slag 
companies may decrease as consolidation 
occurs. Downstream integration of the 
indwtrycontinucs, with increased empha­
sis in the U nitcd States in marketing slag 
in higher value end uses such 11$ in cement. 
Iron slag processors are increasingly part 
of larger companies having captive mar­
kets in the aggregate, cement. and con­
struction markets. 
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