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Significance and Use 

This report presents the results of laboratory and literature review work from a Portland 
Cement Association, General Technical Committee, Associate Member-sponsored research 
project on kiln exit build-ups. The report provides guidance on cement kiln processes that 
affect the formation of kiln exit build-ups, with particular emphasis on alkali and sulfur 
volatilization. 

This report will not be published on a formal basis. However, the report is being made 
avadable in this format to expedite transfer of the information to the membership. This report 
has been made available to the PCA General Technical Committee, the General Promotion 
Committee, the American Portland Cement Alliance, and staff. It will not be announced to the 
general public. 
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KILN EXIT BUILD-UPS: 
STUDY OF ALKALI AND SULFUR VOLATILIZATION 

by 
Presbury B. West* 

ABSTRACT 

This report contains a bibliography of articles on cement kiln processes that affect the formation 
of kiln exit build-ups. Articles are included on the following topics: alkali, chlorine, and sulfur 
cycles, dust cycles, air blasters, by-pass systems, mathematical models of cyclic processes, 
and volatility of alkalies, chlorine, and sulfur. The citations came from a computer literature 
search and are supplemented with other references found in the PCA library. Many of the 
citations include either an abstract or a list of keywords. 

Experimental work is repmed on volatility of alkalies and sulfur from ldln fecds and 4th stage 
materials. Alkalies and sulfur are key components of kiln gases which react to form build-ups. 
Samples from three preheater and three precalciner kilns were studied. Volatility of W e s  
and sulfur is usually less for 4th stage materials than for kiln feeds. Fourth stage materials 
from precalciners generally have lower alkali and sulfur volatility than similar materials from 
preheater kilns. It is concluded that increases of the sulfur-alkali molar ratio may cause the 
observed decreases in volatility. Potassium is more volatile than sodium far both kiln feeds 
and 4th stage materials. Addition of sulfates, changing the molar ratio of SQ - N a s  alkali 
equivalent to near 1.0, decreases the volatility of both sulfur and alkalies. 
Thermal gravimetric experiments using kiln feeds indicated that calcination was not afktcd by 
the presence of 5% coal. Another series of experiments investigated the effect of oxygen on 
calcination; results were inconclusive. Future work is suggested on the effect of reducing 
conditions on volatilization, and testing mdels of cyclic phenomena in cement kilns. 

Keywords: alkali bypass, alkali cycles, alkali volatility, cement manufacturing, kiln exit 
build-ups, portland cement, precalciners, preheaters, sulfur cycles, sulfur volatility. 

SCOPE 

This report describes the experiments performed and discusses the results of those 
experiments. In this project, the volatility of alkalies and sulfur was evaluated as well as the 
differences in their volatility between kiln feeds and fourth stage mataials, because of their 
importance in modeling internal cycles in cement kilns. The differences of these same 
volatilities between preheater and precalciner kiln samples were also examined. The effect of 
reducing conditions and especially the presence of coal on the calcination of kiln feeds was the 
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fmus of another series of experiments in this projecr. Results from these experiments are 
presented in graphs and tables in this repuit Conclusions and recommendations for future 
work are also presented. 

A computer li~rature search was performed during the earlier phases of this work in this 
report the results of this search, along with several other citations, are presented as a 
bibliography. The complete raw data from the experiments m not included here, but is 
available as an appendix (PCA R&D Serial No. 1996a) upon request. 

LITERATURE SEARCH AND BIBLIOGRAPHY 

The literature was searched through the Dialog Information Retrieval Service that allows the 
searcher to examine entries in several hundred different database files. This search examined 
engineering, technology, chemical, and government databases that contained references to 
cement and cement kilns. The most useful database files were the Chtmical Absaacts file and 
the corn bined Engineering Index and Ei Engineering Meetings files. The search resulted in 39 
citations in the former and 55 citations in the latter database files. Sixty-three citations were 
also generated from a multiple file search of seven government and technology databases. 
These citations were then screened and 92 relevant citations selected and finally edited befare 
entering them in the bibliography (See Bibliography at end of report). Same citations include 
abstracts, some have keywords or references to Chemical Abstract Service(CAS) numbers for 
compounds cited in the text, but all have the basic bibliographic information. In addition, the 
bibliography includes fourteen references in standard farmat that were located through the 
Portland Cement Association(FCA) library abstract files. 

Table 1 lists the Dialog files that were searched Individual searches varied somewhat from file 
to file but search strategies included using the following keywords in various combinations: 
preheater, precalciner, dust, plug, build-up, alkali, sulfur, cycle(s), and volatility. 

TABLE 1 DIALOG FILES SEARCHED, DIAJAG FILE NUMBER I N  PARENlYESES 

CA Search (Chemical Abstracts) 
Compendex (Engineering Index) 
Conference Papers Index 

(399) 
(8 and 165) 

(77) 
Current Technology Index (142) 
DOE Energy (103 and 104) 
ISMEC (Infomation Service in Mechanical Engineering) 
NTIS (National Technical Information Sewice) 

(14) 
(6) 

Soviet Technology 
Japanese Technology 

SAMPLE DESCRIPTIONS 

Samples were received from six U.S. cement kilns. Each set of samples included a kiln feed 
sample, a clinker sample, and either fourth stage material or discharge to the kiln feed shelf. 
The six sets of samples represented three preheater kilns, two precalciner kilns, and a preheater 
kiln modified with a riser duct burner. In grouping the kilns for analysis of behaviur, this last 
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kiln was placed in the precalciner group (as PC-2) because of the high calculated de- of 
&carbonization (>80%) between feed and fomh stage material. Oxide analysis by X-ray 
fluorescence (XRF) was obtained for all samples and they were also analyzed for total chloride 
and fluoride content. Some samples also received thermogravimeaic analysis (TGA) and 
differential thermal analysis (DTA). Some plants sent in additional samples of other materials. 
Table 2 indicates the sample description supplied by each plant and the sample number 
assigned by the laboratory. 

Samples PDM536, PDM545, and PDM550 will be referred to as feed materials in this report. 
These feed materials at some plants are called raw meal and contain little or no return dust (OT 
recycled kiln dust ), Samples with a PH at the top of the column are from pEheater kilns and 
with a PC at the top of the column are from precalciner kilns with the exception of PC-2 as 
noted above. Samples PDM533, PDM537, PDMS40, PDM543, PDM547, and PDNO88 will 
be referred to as kiln feeds in the discussion below, Five of these six samples contain return 
dust (dust recycled directly, or by blending electrostatic precipitator or baghouse dust) except 
for PDN088 from PC- 1. This plant did not supply such a sample. 

TABLE 2 DESCRlPIlON OF SAMPLES RECEIVED FOR STUDY 

Kiln Type PC-2 PH- 1 PH-2 PH-3 PC-3 PC- 1 

Plant S ~ D  le DescriDtions 
Raw Mill PDM545 
Feed to Kiln Silo PDM536 
Kiln Feed w/o Baghouse Dust PDM550 PDN088 
Kiln Feed PDM533 PDM537 PDM540 PDM543 PDM547 
4th Stage Material / Discharge PDM534 PDM538 PDM541 PDM544 PDM548 PDNO89 
Clinker PDM535 PDM539 PDM542 PDMS46 PDM551 PDN090 
Kiln Baghouse Dust PDM549 
By-Pass Dust PDN120 

EXPERIMENTAL DESCRIPTION 

Static Volatilization Tests 

The fourth stage materials and kiln feed materials were studied in a series of static volatilization 
experiments. Ten grams of powdered material were spread over the bottom of each large 
platinum dish (approximately 200 ml capacity) and placed in a C/M furnace (high temperature 
furnace made by C/M Furnaces, Inc., Bloomfield, N.J.) preheated to 1450" C. Three dishes 
of the same material were placed in the furnace with an air atmosphere and then individually 
removed 10,20, and 30 minutes later, All samples were analyzed for oxides by XRF. All 
samples in the row labeled kiln feed and sample PDNO88, a kiln feed without return dust that is 
normally blended in for the final feed, were tested and compared. In plhinary experiments 
feed materials PDN536 for kiln PH- 1, PDM545 for kiln PH-3, and PDM.550 for kiln PC-3 
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(feeds without return dust) were used in the static volatilization tests but later replaced by kiln 
feeds PDM537, PDM543, and PDM547, respectively. The latter three samples were 
considered better candidates for comparison because all three kiln feeds were taken at the same 
point in the process. 

Dynamic Furnace Volatlllzatlon Tests 

The six kiln feeds were also analyzed in volatilization experiments with the CIL dynamic kiln 
furnace. Previous experiments in the Clinker Structure and Grindability project (CTL 405090) 
indicated even a small flow of gas through the tube at clinkering temperatures stripped the 
samples of almost all sulfur and alkalies. Consequently, these experiments were pfomed in 
air with no flaw applied. Thermal convection caused some flow to occur and this could not be 
avoided. Samples were placed in the cylindrical platinum crucible and positioned at the center 
of the furnace that was programmed to stabilize at 200' C, then increase at 30' C/mh until the 
furnace reached 1450' C and held for 15 minutes. The samples were then removed from the 
furnace and left to cool rapidly in the air. Three series of experiments evaluated the relative 
sodium and potassium volatility and, indirectly, the effect of alkali-to-sulfate ratio changes on 
volatility. The first series used the original kiln feeds; the other two series used samples made 
by addition of sulfates to the kiln feeds. One series had 2.18% added potassium sulfate and the 
other had 1.77% added s d u m  sulfate, which in both cases haeased the percent SO3 1% by 
weight. This also resulted in clinker-like material that approximated alkali and sulfur levels in 
commercial clinker. 

Thermal Analysis Tests 

Selected samples were analyzed with DuPont 9900 thermal analysis equipment at Northwestern 
University. DTA experiments were perfanned in nitrogen flowing at a rate of 30 cc/mh while 
the temperature was increased steadily at 20' C/min to a maximum of 1 loo' C. TGA 
experiments were also run in a nitrogen flow of about 30 cc/min. The temperature profile was 
isothermal for 20 minutes at 40' C then increased at 20' Urnin until the temperature m h e d  
1 loo' C where it was held for 30 minutes. Samples of pure calcium carbonate, kiln feed 
PDM533 and feed material PDM536 were tested. Then, 5% coal was added to the samples and 
the mixtures tested. One series of experiments was perfomed with sample PDM536 using 
TGA and different proportions of nitrogen and oxygen with a total gas flow of 40 cc/min. In 
the four experiments, the gas was 100% nitrogen in one case and, in two other cases, it was 
10% and 20% oxygen with the balance nitrogen and in the last case 10% oxygen was used. 

RESULTS AND DISCUSSION 

Static Volatilization Tests 

A initial series of experiments involved feed material samples from PH1, PH3, and PC3 
(E bM536, PDM545, and PDM550, respectively) that were essentially kiln feeds without 
return dust. These samples were designated by the plants as feed to kiln silo, raw mill, and 
kiln feed without baghouse dust, respectively. Later, the kiln feed samples from these three 
plants (PDM537, PDM543, and PDM547) were tested and compared to the kiln feeds from the 
other three plants(PDM533, PDM540, and PDN088), as these six samples were deemed the 
more consistent set for comparison. 
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In this report, samples used for evaluation and comparison ate, for the most part, the kiln feeds 
with t e r n  dust as delivered to the top of the preheater and called kiln feeds by the plants. 
Oxide analyses of the lo-, 20-, and 30-minute volatilization samples were compared to the 
original material and expressed as relative percentages remaining for N a g ,  KS, S03, and 
Na2O alkali equivalent (AEqv). All comparison plots in this repart use these values except 
where molar ratios were plotted. 

€ea.&mm 
The feed materials and kiln feeds from kilns PHI, PH3, and PC3 all have low chloride levels, 
similar loss-on-ignition, and similar oxide analyses, differing only through the presence or 
absence of a small amount of recycled kiln dust. All the feeds without retum dust completely 
volatilized SO3 within ten minutes, while the kiln feeds with retum dust had 23% to 42% so3 
remaining. Figure 1, a plot of Na20 alkali equivalent remaining over h e ,  shows a l l  feeds 
without return dust had anywhere from 6% to 20% less AEqv remaining. Selected data is in 
Table 3 and the calculated percentages remaining for AEqv (plotted in Figure 1) and the 
individual oxides are shown in Table 4. Differences between pairs of samples from the same 
kilns at each time period remain similar, as indicated by the parallel lines in the figure. Data in 
Table 4 show the percentage of K20 remaining is very similar to the percentage of AEqv 
remaining, while the percentage of Na20 remaining was greater and there was more scatter. 
The relative volatilities did not appear to follow any trend cmsponding to sample analysis fur 
SO3, the SOgAF-qv molar ratio, or the amount of chloride (see Table 3). The cliffenme of 
volatility is substantial, considering the similarity of chloride levels and oxide analyses for the 
pairs and the small amount of return dust usually blended into kiln feeds. 
Kiln Feeds 

Kiln feeds are the samples that contain return dust (i.e. recycled kiln dust) With the exception of 
PDN088 from kiln PCI. This plant did not submit a kiln feed with return dust. In the 
following figum, although results are grouped as preheater samples (PDM537, PDM540, and 
PDM543) and precalciner samples (PDM533, PDM547, and PDNOSS), there should be little 
difference between them except for the small amount of return dust entrained in the raw feed 
and the mineralogy of the components. Percentage Na20 alkali equivalent remaining versus 
time is plotted in Figure 2. The volatility of alkali does not appear to vary with the amount of 
chloride (see Table 5 ) ,  but at 10,20, and 30 minutes there is a relationship to the percent SO3 
remaining in the heated sample (see Table 5). The percentage of Emaining alkali, from pa tes t  
to least, is roughly the same order as the analyzed amount of SO3 in the heated residue at each 
drne interval. Volatility of alkalies does not appear to vary regularly with either initial S@ 
analysis or SO3/AEqv molar ratio. Sample PDM540 from PH2 initially has almost no sulfur 
and is an exception to this observation. The percentage of K f l  remaining, as shown in Figure 
3,  exhibits a similar volatilization behavior as the AEqv shown in Figure 2, which may be 
expected since the starting materials all contain more potassium than sodium. Oxide analyses 
for sodium are all less than 0.2 1 %, and so some degree of data scatter is observed. The 
percentage of Na20 remaining in Figure 4 shows considerable data scatter and a substantially 
lower volatility than for potassium. Percentages of Na2O remaining at lW% or greater (a 
highly unlikely event) result from differences between Nafl analysis of initial and volahlized 
material of 0,0596 by mass or less. Analytical results are suffictntly precise for larger 
differences but, in this case not knowing which analysis was not accurate, the data was used as 
reported. The summarized data used to plot Figures 2,3, and 4 appears in Table 6. 
Percentages remaining in Table 6 were calculated from the oxide analyses in Table 5 ,  which 
also contains the S03/AEqv molar ratio for each sample and chloride analyses of the Original 
kiln feeds. 
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Fourth Stage Matetialg 

Volatility of fourth stage materials was measured after 10,20, and 30 minutes at 1450' C, and 
the results were quite similar to volatilization of kiln feeds. Volatilization of sulfur and sodium 
indicates a considerable amount of data scatter with no apparent trends. Potassium 
volatilization is very similar to volauhzation of Na20 alkali equivalent. Selected data from the 
oxide analyses are shown in Table 7 and the percentage remaining in Table 8. Figure 5 has the 
percentage alkali remaining plotted against elapsed time. Percentages remaining far the 4th 
stage materials ~IZ slightly greater than for the comsponding kiln feeds from the Same kilns 
(see Figure 2). This suggests fourth stage materials may have lower alkali volatility. 

The order of volatility is the same for kiln feeds and 4th stage materials with one exception, and 
that is for the material from kiln PC2. Kiln feed PDM533 has the greatest allcali volatility of the 
six samples and the 4th stage material PDM534 has the next to lowest alkali volatility, This 
change may be explained panly by the large change that occurs on calcination of PDM533 to 
the SWAEqv molar ratio primarily because the sample lost almost a l l  its sulfur. The change of 
this ratio from 1.0 to less than 0.2 is much larger than the change of ratio for the other five 
samples, as can be seen in Figure 6 (plotted from data in Table 5) .  In the kiln, of course, the 
alkali and sulfur volatilized from the kiln feed is =placed by sulfur (mostly from the fuel) and 
allCali condensed from the hot kiln gases on the relatively cooler kiln feed forming the 4th stage 
material. The behavior of the recondensed sulfur and alkalies in the volatilization experiment is 
substantially different from the changes of the SOdAEqv molar ratio over the thirty minutes of 
volatilization. Data in Table 7 plotted in Figure 7 shows that this ratio calculated fw the 4th 
stage materials is considerably more constant. 

Although differences between kiln feed and 4th stage material for samples from PC2 is greater 
than for ocher luln samples, it does indicate the direction of change far most samples. 
Apparently alkali volatility is less for fourth stage materials than for kiln f d s  and also may be 
less for 4th stage materials from precalciners versus that from preheaters. Figure 5 shows 
there is less remaining alkali for all the preheater samples than for the precalciner samples, with 
one exception. Sample PDM548 has less remaining alkali, which probably is due largely to the 
1.02% chloride in the sample. This is more chloride than for either of the other two pmalciner 
samples. 

The change of volatility is easier to see when comparing the two materials from the same kiln 
as pairs. For preheaters, these pairs exhibit greater alkali equivalent volatility for kiln feeds of 
PHI and PH2, and little change for PH3 (see Figure 8). The difference between kiln feed and 
fourth stage material is clearer for the percentage of remaining potassium (see Figure 9). 

The pairs for precalciners also exhibit greater volatility of equivalent alkalies from the kiln feeds 
for two of the kilns, PC1 and PC2, and equal volatility for samples from PC3 (Figure lo). 
The volatility of fourth stage material PDM548 from kiln PC3 probably is high because it 
contains 1.02% chloride. Potassium volatility, as expected, is very similar to the volatility of 
equivalent alkalies. Sulfur volatility is also greater from kiln feeds compared to 4th stage 
materials. Sodium volatility is difficult to interpret because of the amount of data scatter 
(Figure 1 l), but for all these samples sodium volatility is less than potassium volatility. Data 
plotted in Figures 8,9, l0,and 11 can be found in Tables 6 and 8. 

Kiln Feeds and Fourth StaQe Ma&&& 

m r n  ic Kiln Furnace Volatilization 

Dynamic kiln furnace (DKF) volatilization tests were conducted for only one period of time 
and time trends were not examined. The effect of the molar ratio of SO3 to Na20 alkali 
equivalent was examined for the kiln feed samples, kiln feeds with added Na2S04, and kiln 
feeds with added 
static furnace tests were also plotted. The SOyAEqv molar ratio changes as the volatilization 

For comparison, the six kiln feed volatilizations at 20 minutes in the 
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proceeds, so percentages were plotted using the molar ratio calculated from the average of 
initial and final amounts of SO3 and alkali. 

Figure 12 shows the percentage of SQ remaining versus the average SOdAEqv molar ratio 
and indicates volatilization is greater in the DKF experiments than in the static furnact tests. 
There also appears to be a maximum of remaining SO3 roughly between 0.3 and 0.6 of the 
SwAEqv molar ratio for the kiln feeds without additions. Both additions i n d  the initial 
SQ by 1 %. The results indicate the greater volatility of sodium compared to potassium and 
also the stabilizing of SO3 in the clinker by a balance of alkali. Added sulfates may behave 
differently than recondensed sulfates of the kind found in 4th stage material. Therefore, it is 
not certain that the latter materials would exhibit a maximum of remaining SQ at the higher 
ratio value. 
The percentage of K2O remaining shown in Figure 13 exhibits a similar maxhum far the kiln 
feeds without additions. There is also an apparent increase in the remaining percent K20 at 
higher SO3/AEqv molar ratio for the samples with added potassium sulfate. Percent remaining 
AEqv also exhibits a maximum (Figure 14) but it is not as clearly defined as for the other 
cases. The addition of sulfate increases the ratio unless it is already near 1.0, and this appears 
to increase the percentage of remaining alkalies. Data for the DKF volatilization tests axe 
shown in Tables 9 and 10. The top half of Table 9 has data for both the original kiln feeds 
(Initial 95) and these materials after the DKF tests (Final W). The bottom half of Table 9 has 
data for the kiln feeds with added Na2S04 and the top half of Table 10 has data fur the kiln 
feeds with added KzSO4. The bottom of Table 10 repeats the 0- and 2bminute static furnace 
results from Tables 5 and 6 in the same format as the DKF results to make comparisons easier. 
Results of oxide analyses by XRF appear on the left side and percentages remaining (data used 
for Figures 12, 13, and 14) calculated from the oxide analyses appears on the right side of both 
Tables 9 and 10. 

Thermal Analysis Tests 

I 

The effect of coal addition on calcination was investigated using thmal gravimetric analysis 
(TGA). Differential thermal analysis @TA) was also performed on most of these samples. 
After weight loss was deremined for coal over the temperature range of interest, TGA was 
performed on calcium carbonate, a feed material from kiln PH1 (PDM536), and a kiln feed 
from PC2 (PDM533), Proportionate weight losses of the individual materials were combined 
to obtain a calculated value for the expected weight loss from blended samples of 5% coal and 
95% calcareous sample. Temperatures were the maximum gradient obtained from the 
derivative curve and are close to the point of 50% weight loss. Data is shown in Table 11. 

Only one of the thrEe samples with coal shows a lower a m p e r a m  of decomposition; this does 
not seem to be convincing evidence that coal (or carbon) decreases the calcination temperature. 
The actual weight loss slightly exceeds the calculated weight loss for all three samples. This 
may be due to a small amount of oxygen in the nitrogen gas causing a loss of carbon as 
carbon dioxide. 
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TABLE 1 1 DATA FROM TGA EXPERIMENTS 

SAMPLES C a q  PDM533 PDM536 

823 828 822 
DECOMPOSlTION 

TEMPERATURE 'C 
SAMPLES WITH 5 %  COAL 

___ ~ _ _ _  ~ 

825 8 14 823 DECX%kOSmON ~ 

TEMPERATURE 'C 
WEIGHT LOSSES OF SAMPLES WITH COAL 

~ _ _ _  _. ~ -. _ _ _ ~  ~ 

CALCULATED. 42.40 96 34.25 96 34.37 '3% 

ACTUAL 42.58 % 34.65 % 34.75 % 

TGA experiments to determine whether the ratio of nitrogen to oxygen affected the calcination 
temperature of sample PDMS36 were inconclusive. The data indicated the order from lowest to 
highest temperature at maximum gradient was essentially the same order as the sample weights 
from lowest to highest, This may be a spurious connection, but in any event the 
reproducibility and precision of the data are not sufficient to allow any conclusions to be made 
based on this data. 

CONCLUSIONS AND RECOMMENDATIONS 

From the data presented for kiln materials with and without return dust, and the comparisons of 
kiln feed and 4th stage materials from both preheaters and precalchers, a volatilization mnd 
can be seen. Kiln feed with return dust and 4th stage materials in most cases have lower 
ptassium, AEqv, and sulfur volatility. In addition, the 4th stage data as shown in Figure 5 
indicate AEqv volatility seems to be greater in preheater kilns and lower in precalcher Idlns. 
Potassium volatility is generally greater than sulfur and sodium volatility. This is clearly 
shown for kiln feeds in Figures 3 and 4 and Table 6, but it appears to be true for the 4th stage 
materials as well. 

Comparison of the percent K 2 0  and SO3 for kiln feeds and 4th stage materials in Tables 5 and 
7 shows that the amounts in 4th stage materials have increased substantially and the increase is 
greater for the percent SO3. This also causes the SOgAEqv molar ratio to increase as shown in 
Figure 7 and compared to Figure 6. Fourth stage materials for the precalciners also all have 
greater molar ratios than for preheaters after 10 minutes. Alkali chlorides, hydroxides, and 
oxides are all more volatile than alkali sulfares (Taylor). The former compounds frequently 
in or formed from kiln feeds but in fourth stage materials With greater amounts of sulfur the 
alkalies will be in the form of alkali sulfates, the least volatile form of alkali in the system. 

The volatility of evaporable material, for instance K20, from the 4th stage material will be a 
combination of the volatility of the K20 from the kiln feed fraction and the volatility of the 
recycled K2O fraction. The higher SOdAEqv molar ratio of the 4th stage material implies more 
of the potassium is in the sulfate form in the material and therefore the volatility will be lower 
than for the kiln feeds. Similar arguments can be ma& for sulfur and so sulfur volatility also is 
expected to be lower from 4th stage materials than from kiln feeds. Fourth stage materials 
from precalciners are also likely to have lower potassium and sulfur volatility than materials 
from preheaters since the SO3/AEqv molar ratio is greater which shifts the chemical equilibrium 
toward formation of more potassium sulfate. These changes may explain the apparent lower 
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volatility observed in the data for fourth stage materials versus kiln feeds and fourth stage 
precalciner materials versus preheater materials. 
Chloride was not a controlled variable but its presence, especially at high levels, increases 
volatility as shown by the sample of PDM548 for kiln PC3 (Figure 5).  Alkali volatility can be 
suppressed to some degree by the presence of sulfur. The dynamic kiln furnace data, with 
sulfates added to kiln feeds, indicate this phenomenon (Fijgms 12,13 and 14). A substantial 
amount of sulfur is probably present as allCali sulfates, so monitoring the S@/AEqv molar ratio 
will track the chemical balance. If the ratio is low, it will indicate there is a potential for high 
alkali volatility. Volatility was quite variable as plotted against SWAEqv molar ratio, and even 
when substantially changed by sulfate addition, differences of volatility persisted. Checking 
the samples individually, it appears some samples behaved similarly at both high and low 
values of the raao. This probably is due partially to differences of mineralogy between 
samples, and particularly, minerals that contain sodium and potassium, These are usually 
minerals found in the clay and shale components of raw feed. 
There is a potential for lower alkalies and sulfur in the gas phase if calcination temperature 
could be reduced. If the principal components of build-ups - alkalies and sulfur - could be 
reduced, then there would be less build-up. The presence of coal with kiln feeds was 
examined in the TGA experiments, but the results did not indicate any significant decrease of 
calcination temperature. In another series of experiments, the effect of the partial pressure of 
oxygen was examined using different niwgen-to-oxygen ratios. There was considerable 
scatter in the data and it did not appear that the proportion of oxygen affected the calcination 
temperature. 

Some of the literature in the bibliography after review confirmed some of the findings in this 
project while others contained excellent practical suggestions for build-up control. Some build- 
up problems can be addressed by changes to the preheater design such as connection angles 
and pipe curvature. Other control practices include the use of air-actuated blasters. These were 
not within the scope of this project; the emphasis was on the variation of the chemistry and 
other variables of the process that might be conmlled. Practical and sound guidelines relating 
to adjustment of the SO3/AEqv molar ratio and proper ranges for chloride, sulfur, and alkali 
levels to minimize build-ups were described by Unland (1985). He states that plugging 
problems may be expected if total input from fuel and kiln feed exceed 10 to 20 g of alkaliedkg 
clinker, 10 to 30 g SO3kg clinker, and/or 0.2 to 0.5 g Cl/kg clinker. Higher values generally 
apply to plants with secondary firing. Fourth stage material also can be monitod and build- 
ups usually will not be a problem if chloride content is less than 0.1 to 0.15 g/kg kiln shelf 
material, SO3 content is less than 0.35g/kg kiln shelf material, and the concentration of all 
chlorides, sulfates, and alkali carbonates is less than 4Oglkg kiln shelf material. Unland also 
discusses the usefulness of the chloride corrected SwAEqv molar ratio of the kiln gas phase 
for predicting build-up tendencies. Excess alkali gives a ratio value below one associated with 
soft coatings, excess SO3 (ratio greater than 1) is associated with hard coatings, and near the 
equilibrium value of 1, medium hard coatings are expected. 

Discussions of the effect of water, sulfur, and added chloride arc presented by von Seebach 
(1983). Two additional variables are discussed by Goldmann, Kreft and Schuette (1981) who 
point out that as levels of oxygen at the kiln feed inlet decrease below 3%, then So;! 
concentrations increase. Their second point refers to a condition that may be the easiest to 
control, and that is, unburned crubon mixed with the load in the kiln. This can be decreased 
with proper burner pipe alignment, coal fineness, and good fuel-air mixing. They state that 
between 900 and 1000" C, carbon and calcium sulfate will react to release sulfur dioxide in the 
followmg manner: 

4CaS04 + 2C = 4CaO + 2C02 + 4S@ 
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Sulfur dioxide is removed efficiently by the preheater and contributes to both the sulfur cycle 
and formation of build-ups. This effect of carbon on sulfates is confinned in the work mported 
by Garcia and BoniFay (1986). Stable operation of the kiln and avoidance of dusty kiln 
conditions is also discussed by Unland (1985) and others. Dust has a high surface area and 
provides a surface for adsorption and reaction of alkalies, sulfur, and chlorides. Once 
combined with the dust, these contaminants are canied to the preheater in the kiln gases and 
contribute to the circulating contaminant load and may increase build-up formation. Dust 
reduction is clearly an important part of reducing the potential for build-ups. Another possible 
strategy for reducing alkali, sulfur, and chloride volatilization is a change in raw mix design to 
increase the clinker liquid phase, This &creases volatilization and substantially reduces the 
contribution of reactions, such as the one between carbon and anhydrite mentioned above. 

Cyclic phenomena, including chloride, alkali, and sulfur cycles, are important for an 
understanding of the variables associated with kiln exit build-ups. Various investigators have 
modeled the cyclic phenomena with mathematical approaches in mler to understand and prcdict 
the behavior of cement kilns. One of the earliest models is contained in a lengthy article by 
Weber (1960). This work was extended to kilns with preheaters by Ritzmann (Aug. 1971 and 
Dec. 1971) and then modified to model bypass systems (Goldmann, Kreft and Schuette, 1981 
and Kreft , 1982). In these articles, the combination of the model, laboratmy data, and plant 
data led the authors to conclude that volatilization factor far recycled material was greater than 
for kiln feeds. Decreased volatilization of recycled materials was recognized by von Seebach 
(1983) in his Qscussion of bypass effectiveness for preheatem and pnxalciners. Subsequent 
models have addressed alkah and sulfur cycles in ldln systems with high chlorhe input (Kreft, 
1985). 

Future work on kiln exit build-ups should include some laboratory work, however, evaluation 
of complete kiln systems and the accuracy of current models in predicting their behavior should 
be the major focus of the work. Laboratory work evaluating reducing conditions and the effect 
on fourth stage materials using simulated kiln atmosphere with various amounts of carbon 
monoxide would be valuable. This would be an addition M similar published studies using 
carbon in the material or varying oxygen levels. It is likely to indicate that reducing conditions 
cause increased volatility of the alkalies and sulfur, and would document the severity of the 
problem condition. 

There are models that claim to predict the behavior of kilns but they are rather complex to use 
for analysis of a kiln. Several kilns - probably four at the most - should be chosen, and 
sufficient information and samples acquired to fully characterize the kilns, theh cyclic loads, 
and their tendency for build-up formation. The kilns chosen should have experienced moderate 
to heavy build-up problems. Kilns with relatively common &sign should be selected: avoid 
unusual or specially designed kilns. Information from the plant and the kiln samples would be 
used to evaluate the existing models and determine the models' ability to predict kiln behavior. 
The model that is judged best for predicting kiln materials and behavior should be used in a 
guidance document. A final project document would inch& a detailed guide on applying the 
model to a kiln. It would include information and sample analyses necessary to use the model 
for a kiln. Most important, a step-by-step example of the calculations necessary to apply the 
model to a kiln should be included. The example would be drawn from data aq- in earlier 
VdSkS of the project. 

10 



GLOSSARY OF ABBREVIATIONS 

AEqv 
CKD Cement kiln dust 
CrL Consmction Technology L,aboratones, Inc. 
DKF Dynamic kiln furnace 
DTA Differential thermal analysis 
PC Walciner 
PH Freheater 

TGA Thermal gravimetric analysis 
XRF X-ray fluorescence 

Sodium oxide (Nafl) alkali equivalent 

ACKNOWLEDGEMENTS 

The research reported in this paper (PCA R&D Serial No. 1996) was conducted at 
Construction Technology Laboratories, Inc. with the sponsorship of the Portland Cement 
Association's General Technical Committee (GTC) Subcommittee D - Manufacturing m s s  
and Associate Members under CTL Project Nos. CR6324,400808,400720,050231,lu37105, 
050360,050495. The contents of the report reflect the views of the author who is responsible 
for the facts and accuracy of the data presented- The contents do not necessarily reflect the 
views of the GTC Subcommittee D - Manufacturing Process, Associate Members, or the 
Portland Cement Association. 

11 



TABLE 3 VOLATILIZATION OF FEED MATERIALS AND KILN FEEDS 

MASS PERCENT 
PDM536 %So3 
KF TO SILO % NaXl 
PH-1 % K20 

% Alk Equiv 
S03/AEqv Ratio 
% Chloride 

PDM537 %so3 
KILNFEED % t W O  
PH-1 %K20 

Ye Alk Equiv 
S03/AEqv Ratio 
YO Chloride 

PDM545 YoSO3 
RAWMILL %Na20 
PH-3 %K20 

% Alk Equiv 
S03/AEqv Ratio 
o/o Chloride 

PDM543 %SO3 
KIWFEED YeNaX3 
PH-3 %Kx) 

O/O Alk Equiv 
S03/AEqv Ratio 
Yo Chloride 

PDM550 %SO3 
KILNFEED %N@ 

PC-3 % Alk Equiv 
W/O DUST %Kx) 

S03/AEqv Ratio 
O/O Chloride 

POM547 Yes03 
KILNFEED YoNaX) 
WITH DUST % K20 
PC-3 O/O Alk Equiv 

SOB/AEqv Ratio 
% Chloride 

0 minutes 
0.39 
0.1 5 
0.79 
0.67 

0.451 
0.035 

0.38 
0.1 3 
0.86 
0.69 
0.426 
0.037 

0.43 
0.20 
0.90 
0.79 

0.421 
0.022 

0.41 
0.1 6 
1.01 
0.82 
0.387 
0.026 

0.00 
0.02 
0.40 
0.29 

0 
0.005 

0.12 
0.05 
0.51 
0.38 

0.244 
0.035 

10 minutes 20 minutes 
0.00 0.00 
0.06 0.03 
0.1 9 0.04 
0.1 9 0.05 

0 0 

0.09 0.1 0 
0.1 4 0.1 I 
0.25 0.09 
0.30 0.1 8 
0.232 0.43 

0.00 0.00 
0.1 9 0.1 7 
0.26 0.1 0 
0.36 0.23 

0 0 

0.12 0.14 
0.21 0.1 8 
0.45 0.25 
0.50 0.34 

0.186 0.31 9 

0.00 0.00 
0.03 0.03 
0.1 Q 0.02 
0.09 0.04 

0 0 

0.05 0.05 
0.04 0.04 
0.1 8 0.09 
0.1 6 0.09 

0.242 0.43 

30 minutes 
0.00 
0.01 
0.00 
0.01 

0 u 

0.1 0 
0.1 2 
0.03 
0.14 

0.553 

0.00 
0.1 4 
0.01 
0.1 5 

0 

0.12 
0.1 7 
0.1 1 
0.25 
0.372 

0.00 
0.02 
0.00 
0.02 

0 

0.05 
0.04 
0.02 
0.05 

0.774 
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TABLE 4 FEED MATERIALS AND KILN FEEDS, PERCENTAGE REMAINING 

RELATIVE PERCENT 
PDM536 %so3 
KF TO SILO % Na20 
PH-1 Yo m 

Yo Alk Equiv 

PDM537 %so3 
KILNFEED YoNa20 
PH-1 Yo Kx) 

% Alk Equiv 

PDM545 Y o s o 3  
RAWMILL YoNaX) 
PH-3 Yo K20 

O/O Alk Equiv 

PDM543 %so3 
KILNFEED Y o N a X 3  
PH-3 %K20 

Yo Alk Equiv 

PDM550 %SO3 
KILNFEED Y o N a 2 0  
W/ODUST %Kx, 
PC-3 % Alk Equiv 

PDM547 ?&SO3 
KILNFEED %Na20 

PC-3 % Alk Equiv 
WITH DUST % K20 

0 minutes 
100 
100 
100 
100 

100 
100 
100 
100 

100 
100 
100 
100 

100 
100 
100 
100 

100 
100 
100 
100 

100 
100 
100 
100 

10 minutes 
0.00 

40.00 
24.05 
28.36 

23.68 
107.69 
29.07 
43.48 

0.00 
95.00 
28.89 
45.57 

29.27 
131.25 
44.55 
60.98 

0.00 
150.00 
25.00 
31.03 

41.67 
80.00 
35.29 
42.1 1 

20 minutes 
' 0.00 
20.00 

5.06 
7.46 

26.32 
84.62 
10.47 
26.09 

0.00 
85.00 
11.11 
29.1 1 

34.1 5 
112.50 
24.75 
41.46 

0.00 
150.00 

5.00 
13.79 

41 -67 
80.00 
17.65 
23.68 

30 minutes 
0.00 
6.67 
0.00 
1.49 

26.32 
92.31 
3.49 

20.29 

0.00 
70.00 

1.11 
18.99 

29.27 
1 06.25 

10.89 
30.49 

0.00 
100.00 

0.00 
6.90 

41.67 
80.00 
3.92 

13.16 
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TABLE 5 VOLATIUZATION OF KILN FEEDS 

PDM533 

PC-2 

PDM537 

PH-1 

PDM540 

PH-2 

PDM543 

PH-3 

PDM547 

PC-3  

PDN088 

PC-1 

MASS PERCENT 
Yo so3 
% Na20 
Yo K20 
Yo Alk Equiv 
SOS/AEqv Ratio 
% Chloride 

%SO3 
Yo NaX, 
Yo K20 
% Alk Equiv 
S03/AEqv Ratio 
o/o Chloride 

O/o SO3 
'/o Na20 
%K20 
% Alk Equiv 
S03/AEqv Ratio 
Yo Chloride 

O/O so3 
Yo Na20 
O/O K20 

SOS/AEqv Ratio 
Yo Chloride 

Alk Equiv 

Yo SO3 
'10 Na2O 
010 K20 
% Alk Equiv 
S03/AEqv Ratio 
o/o Chloride 

Yo SO3 
9'0 Na20 
% K20 
o/o Alk Equiv 
S03/AEqv Ratio 
o/o Chloride 

0 minutes 
1.23 
0.1 7 
1.17 
0.95 

1.002 
0.01 3 

0.38 
0.1 3 
0.86 
0.69 

0.426 
0.037 

0.01 
0.21 
0.54 
0.57 

0.01 4 
0.025 

0.41 
0.1 6 
1.01 
0.82 
0.387 
0.026 

0.1 2 
0.05 
0.51 
0.38 

0.244 
0.035 

0.46 
0.1 7 
1.12 
0.90 

0.396 
0.009 

14 

10 minutes 
0.1 3 
0.1 5 
0.24 
0.30 

0.335 

0.09 
0.1 4 
0.25 
0.30 

0.232 

0.00 
0.1 9 
0.1 2 
0.27 

0 

0.1 2 
0.21 
0.45 
0.50 
0.1 86 

0.05 
0.04 
0.1 8 
0.1 6 

0.242 

0.1 0 
0.21 
0.55 
0.57 

0.136 

20 minutes 
0.02 
0.1 1 
0.04 
0.1 4 

0.1 11 

0.1 0 
0.1 1 
0.09 
0.1 8 
0.43 

0.00 
0.1 7 
0.03 
0.1 9 

0 

0.1 4 
0.1 8 
0.25 
0.34 

0.31 9 

0.05 
0.04 
0.09 
0.09 
0.43 

0.1 2 
0.1 9 
0.34 
0.41 

0.227 

30 minutes 
0.02 
0.09 
0.01 
0.1 0 

0.1 55 * 

0.1 0 
0.1 2 
0.03 
0.1 4 

0.553 

0.00 
0.1 2 
0.00 
0.1 2 

0 

0.1 2 
0.1 7 
0.1 1 
0.25 
0.372 

0.05 
0.04 
0.02 
0.05 

0.774 

0.1 3 
0.1 7 
0.21 
0.3 1 

0.325 



TABLE 6 KILN FEEDS PERCENTAGE REMAINING 

RELATIVE PERCENT 0 minutes 
PDM533 

PC-2 

PDM537 

PH-1 

PDM540 

P H - 2  

PDM543 

PH-3 

PDM547 

P C - 3  

PDNO88 

PC- 1 

%so3 
% Na20 
%K20 
% Alk Equiv 

Ye so3 
Yo Na20 
Yo Kx) 
% Alk Equiv 

Yo so3 
70 Nax) 
Yo Kx) 

o/o Alk Equiv 

O/f so3 
Yo Na20 
m 

o/o Alk Equiv 

O/O so3 
Yo Na20 
O/O G O  
Yo Alk Equiv 

'/o SO3 
Ya Na20 
Yo K20 
9'0 Alk Equiv 

100 
100 
100 
100 

100 
100 
100 
100 

100 
100 
100  
100 

100 
100 
100 
100 

100 
100 
100 
100 

100 
100 
100 
100 

10 minutes 
10.57 
88.24 
20.51 
31 5 8  

23.68 
107.69 
29.07 
43.48 

0.00 
90.48 
22.22 
47.37 

29.27 
131.25 
44.55 
60.98 

41.67 
80.00 
35.29 
42.1 1 

21.74 
123.53 

49.1 1 
63.33 

20 minutes 
1.63 

64.71 
3.42 

14.74 

26.32 
84.62 
10.47 
26.09 

0.00 
80.95 

5.56 
33.33 

34.1 5 
1 12.50 
24.75 
41.46 

41 -67 
80.00 
17.65 
23.68 

26.09 
111.76 

30.36 
45.56 

30 minutes 
1.63 

52.94 
0.85 

10.53 

26.32 
92.3 1 

3.49 
20.29 

0.00 
57.1 4 

0.00 
21.05 

29.27 
106.25 

30.49 

41.67 
80.00 

3.92 
13.16 

28.26 
100.00 

18.75 
34 -44 

1 o . m  
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TABLE 7 VOLATILIZATION OF 4TH STAGE MATERIAL 

MASS PERCENT 

%two 

Yo Alk Equiv 
S03/AEqv. Ratio 
% Chloride 

PDM534 %SO3 

PC-2 % K20 

PDM538 %SO3 

PH-1 Yo K20 
%Na20 

% Alk Equiv 
S03/AEqv. Ratio 
% Chloride 

PDM541 %SO3 

PH-2 Yo K20 
%:lax, 

Yo Alk Equiv 
S03/AEqu. Ratio 
% Chloride 

PDM544 %SO3 

PH-3 O/O m 
% Na20 

o/o Alk Equiv 
SO3IAEqv. Ratio 
Yo Chloride 

PDM548 %SO3 

PC-3 % K20 
Yo Na30 

Yo Alk Equiv 
S03/AEqv. Ratio 
Yo Chloride 

PDNO89 %SO3 

PC- 1 O h  K20 
O/O Na20 

% Alk Equiv 
S03/AEqv. Ratio 
% Chloride 

0 minutes 
2.1 6 
0.1 9 
1.48 
1.16 

1.442 
0.053 

1.60 
0.22 
2.00 
1.53 
0.81 
1.19 

1.65 
0.26 
1.11 
0.99 
1.29 

0.387 

1.37 
0.1 9 
1.33 
1.06 

1.001 
0.138 

2.51 
0.05 
1.07 
0.75 

2.591 
1.02 

1.76 
0.1 7 
1.95 
1.45 
0.94 

0.424 

10 minutes 
1.57 
0.1 2 
1.10 
0.84 

1.447 

1.01 
0.1 5 
1.04 
0.83 

0.942 

0.86 
0.24 
0.54 
0.60 
1.11 

0.75 
0.1 9 
0.75 
0.68 

0.854 

1.05 
0.04 
0.33 
0.26 

3.126 

1.59 
0.25 
1.13 
1 .oo 

1.231 

20 minutes 
1.07 
c 11  
0.73 
0.59 

1.404 

0.66 
0.1 3 
0.63 
0.54 

0.946 

0.49 
0.20 
0.27 
0.38 

0.998 

0.45 
0.1 7 
0.41 
0.44 

0.792 

0.57 
0.04 
0.1 8 
0.1 6 

2.758 

1.35 
0.23 
0.87 
0.80 

1.306 

30 minutes 
0.78 
0.08 
0.54 
0.44 

c 

1.372 1 

0.43 
0.1 1 
0.44 
0.40 
0.832 

0.30 
0.1 7 
0.1 4 
0.27 
0.86 

0.21 
0.1 5 
0.22 
0.29 

0.561 

0.29 
0.03 
0.08 
0.08 

2.806 

1 .oo 
0.21 
0.65 
0.64 
1.21 
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RELATIVE PERCENT 
POM534 %- 

PC-2 % K20 
%Nam 

o/o Alk Equiv 

PDM538 %SO3 

PH-1 %Kx3 
To Na20 

YO Alk Equiv 

PDM541 %SO3 

PH-2 O/O Kx, 
%Na20 

o/e Alk Equiv 

PDM544 %SO3 

PH-3 Yo K20 
Ye N&O 

% Alk Equiv 

PDM548 %SO3 

PC-3 %K20 
% Nax) 

% Alk Equiv 

PDN089 %SO3 

PC-1 O/O K20 
'/o Na20 

o/o Alk Equiv 

0 minutes 10 minutes 20 minutes 30 minutes 
t 00 72.69 49.54 36.1 1 
100 63.1 6 57.89 42.1 1 
100 74.32 49.32 36.49 
100 72.4 1 50.86 37.93 

100 63.1 3 41.25 26.88 
100 68.1 8 59.09 50.00 
100 52.00 31.50 22.00 
100 54.25 35.29 26.1 4 

100 52.1 2 29.70 18.18 
100 92.31 76.92 65.38 

12.61 100 48.65 24.32 
100 60.61 30.30 27.27 

100 54.74 32.85 15.33 
100 100.00 89.47 78.95 
100 56.39 30.83 16.54 
100 64.1 5 41.51 27.36 

100 41.83 22 -7 1 11.55 
100 80.00 80.00 60.00 
100 30.84 16.82 7.48 
100 34.67 21.33 10.67 

100 90.34 76.70 56.82 
100 147.06 135.29 123.53 
100 57.95 44.62 33.33 
100 68.97 55.1 7 44.14 
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TABLE 9 VOLATILIZATION OF KILN FEEDS IN DYNAMIC KILN FURNACE 

SEECTED OXIDE ANALYSlS BY XRF PERCENTAGE REMAINING FROM DKF VOLATlLlZATION OF KILN FEEDS 
As is Kiln Feeds PDM533 
Aller-Tesl Malerlal DKF15 

Initial I 5 0 3  1.23 
Final 5% SO3 0.10 

Initial % Na20 0.17 
Final % Na20 0.14 

Initial % K20 t.17 
Final *A KX, 0.04 

lnilial % Alk. Equiv. 0.95 
Final % Alk. Equiv. 0.16 

SO3IAIk.Eq. Ralio (I) 1 -00 
00 SO3IAlk.Eq. Ralio (F) 0.48 

S03/Alk.Eq Ralio (Avs 0.93 

c 

PDM537 
OKFl6 

0.30 
0.02 

0.13 
0.12 

0.06 
0.02 

0.69 
0.13 

0.43 
0.12 
0.30 

PDM540 
DKF17 

0.01 
0.00 

0.21 
0.17 

0.54 
0.01 

0.57 
0.18 

0.01 
0.00 
0.01 

PDM543 
DKF10 

0.41 
0.03 

0.16 
0.16 

1 .01 
0.02 

0.82 
0.17 

0.39 
0.14 
0.34 

PDM547 
DKF19 

0. t2  
0.00  

0.05 
0.05 

0.51 
0.01 

0.38 
0.05 

0.24 
0.00 
0.22 

PDM533 As is Kln feeds 
Afler Test Malerial DKF15 

PDM537 
DKF16 

100.00 
5.26 

100.00 
92.31 

100.00 
2.33 

tOO.OO 
18.84 

0.43 
0.12 
0.38 

' PDM540 
DKF17 

100.00 
0.00 

100.00 
80.95 

100.00 
1.85 

100.00 
31.50 

0.01 
0.00 
0.01 

PDM543 
DKF18 

tOO.OO 
7.32 

100.00 
100.00 

100.00 
1.98 

100.00 
20.73 

0.39 
0 . t 4  
0 . 3 4  

PDM547 
DKF19 

100.00 
0.00 

100.00 
tOO.OO 

100.00 
1.96 

100.00 
13.16 

0.24 
0.00 
0.22 

PDN088 
DKF20 

100.00 
21.74 

fOO.OO 
100.00 

100.00 
8.93 

100.00 
26.67 

0.40 
0.32 
0.30 

PDN088 
OKFPO 

0 . 4 6  
0.10 

0.17 
0.17 

1.12 
0.10 

0.90 
0.24 

0.40 
0.32 
0.38 

Initial 96 5 0 3  100.00 
Final X SO3 8.13 

Initial Yo Na20 100.00 
Final % NaX, 02.35 

Initial % K20 100.00 
Final % K 2 0  3.42 

Initial % Alk. Equiv. 100.00 
Final % Ah. Equiv. 16.04 

SOYAkEq. Ratio (1) 1.00 
S031Alk.Eq. f l a k  (F) 0.48 
SOYAkEq Ratio ( A q  0.93 

Na2SU4. tt.77%, M5331Na) 
Afler Tesl Material OKFO3 

M537(Na) 
DKF04 

M540( Na) 
DKM5 

M543(Na) 
DKF06 

M547(Na) 
DKF07 

N080(Na) 
DKFOB 

Na2S04. +1.77% M533(Na) M537(Na) M540(Na) M543(Na) M547(Na) NOBB(Na) 
After Tesl Material DKFO3 

100.00 
38.57 

iao.00 
82.90 

tOO.OO 
20.51 

100.00 
54.98 

1.01 
0.71 
0.90 

DKF04 

100.00 
35.51 

100.00 
77.78 

100.00 
8.14 

100.00 
5t.16 

0.73 
0.51 
0.65 

DKFO5 DKFOG DKF07 

100.00 
19.64 

100.00 
70.73 

100.00 
1.96 

100.00 
49.33 

D.75 
0.30 
0.60 

Wtm 

100.00 
45.21 

100.00 
93.62 

100.00 
9.82 

100.00 
50.65 

0.67 
0.54 
0.62 

Initial % SO3 2.23 
f i  % so3 0.86 

1.38 
0.49 

1.01 
0.35 

1.41 
0.52 

t.12 
0 .22  

1.46 
0.66 

lnilial % SO3 
Final % SO3 

100.00 100.00 
34.65 36.80 

lnilial % Na20 0.94 
F i l  % Na20 0.70 

0.90 
0.70 

0.90 
0.72 

0.93 
0.78 

0.02 
0.58 

0.94 
0.80 

Initial % Na20 
Fmal X Na20 

100.00 100.00 
73.47 83.87 

Initial % K 2 0  
Final % K20 

lnilial % K20 1.17 
Final % KX) 0.21 

0.86 
0.07 

0.54 
0.01 

1.01 
0.10 

0.51 
0.01 

1.12 
0.11 

100.00 100.00 
1.85 9.90 

f .59 
0.84 

t.16 
0.57 

1.60 
0.95 

Initial % Alk. Equiu. 
Final 4Q Alk. Equiv. 

100.00 100.00 
53.92 52.68 

lnitlal % Alk Equiv. 1.71 
Flnal % Alk. Equiv. 0.94 

SOB/AIk.Eq. Ratio (I) 1.01 
S03IAlk.Eq. Ratio (F) 0.71 
SO3IAtk.Eq Ralio (Avs 0.90 

1.47 
0.75 

1.34 
0.72 

0.73 
0.51 
0.65 

0.59 
0.38 
0.51 

0.60 
0.48 
0.61 

0.75 
0.30 
0.60 

0.67 
0.54 
0.62 

S03IAlk.Eq. Ralio (I) 
S03Alk.Eq. Ratio IF) 
S03Alk.Eq Ratio (Avg 

0.59 0.68 
0.38 0.48 
0.51 0.61 



TABLE 10 VOLATILIZATION OF KILN FEEDS IN DYNAMIC KILN FURNACE 

K2S04, +2.18% 
Alter Test Material 

Initial 96 SO3 
Final % SO3 

Initial 96 Na20 
Final Yo Na20 

lnilial % K 2 0  
Final % KX) 

lnilial % Alk. Equiv. 
Final % Alk. Equiv 

S03/AHt.€q Ratio (I) 
S03IAlk Eq Ratio (F) 

SElI:XTED OXIDE ANALYSIS BY XKF 
M533(K) 
DKFOS 

2.23 
1.04 

0.17 
0 15 

2.35 
0.90 

1.72 
0.74 

1.0t 
1.09 

SO3IAlk.Eq Ralio ~ A V C  1.03 

Stalic Furnace POM533 
After Tesl Malerial M533-20 

lnilial % SO3 1.23 
Final % SO3 0.02 

Iniliat % Na20 0.17 
Final % Na20 0.11 

Initial Ye K 2 0  1.17 
Final % K20 0.04 

lnilial 96 Alk. Equiv. 0 95 
final Yo Alk. Equiv. 0.14 

S03/Alk.Eq. Ralio (I) 1.00 
S03AIk.Eq. Ratio (F) 0.11 
S03IAlk.Eq Ratio (Av( 0.139 

M537(K) 
M F I O  

1.38 
0 82 

0.13 
0.11 

2 04 
0.77  

1.47 
0.62 

0.73 
1.02 
0.8 1 

PDM537 

M540(K) 
DKFI t 

1.01 
0.43 

0.21 
0.17 

1.72 
0.34 

1.34 
0.40 

0.50 
0.83 
0.64 

PDM540 
M537-20 M540-20 

0.38 0.01 
0.10 0.00 

0.13 0.21 
0.1 1 0.17 

0.86 0.54 
0.09 0.03 

0.69 0.57 
0.18 0.19 

0.43 0.01 
0.43 0.00 
0.43 0.01 

M543(K) 
DKF12 

1.41 
1.35 

0.16 
0.20 

2 19 
1.36 

1.60 
1.09 

0 60 
0 96 
0 79 

PDM543 
M543-20 

0.41 
0.14 

0 .16  
0.18 

1.01 
0.25 

0.82 
0.34 

0.39 
0.32 
0.37 

M547(K) 
DKF13 

1 1 2  
0.38 

0 05 
0 04 

1 6 9  
0 38 

1 1 6  
0.29 

0 75 
1 0 1  
0 80 

POM547 
M547-20 

0 12 
0 05 

0 05 
0.04 

0.51 
0.09 

0.38 
0.09 

0.24 
0.43 
0.26 

NO08(K) 
DKF14 

1.46 
0.00 

0.17 
0 . 1 9  

2.30 
0.83 

1.68 
0.73 

0.67 

0.72 

PDNOBB 

0.85 

N088-20 

0.46 
0.12 

0.17 
O.t9 

1.12 - 

0.34 

0.9 
0.41 

0.40 
0.23 
0.34 

PWCENTAGE REMAINING FROM DW VOLATlLlZATlON OF MLN EEEDS 
K2S04, t2.1846 M533(K) 
Afler Test Marerial OKFO9 

Iniliat Yo SO3 100.00 
Final % SO3 46.64 

Initial Ym Na20 100.00 
Final % Na20 08.24 

lnilial Yo K 2 0  tOO.OO 
Final % K20 38.30 

Initial Yo Alk. Equiu. 100.00 
Final % Alk. Equiv. 43. t2  

SOJIAkEq. Ratio (1) 1.01 
S03IAlk.Eq. Ralio {F) 1.09 
SO3IAlk.Eq Ralio (Avg 1.03 

Static Furnace PoM533 

M537(K) 
DKF10 

tOO.OO 
59.42 

100.00 
84.62 

100.00 
37.75 

100.00 
42.11 

0 .73  
1.02 
0.81 

PW537 
Alter Tesl Malerial M533-20 M537-20 

Initia! Y. SO3 
Finat % SO3 

Initial X Na20 
Fhal % Na20 

Initial X K 2 U  
Final % K20 

lnilial X Alk. Equlv. 
Final X Alk Equiv. 

SOYAlk.Eq. Ratio ( I )  
SO3IAlk.Eq. Ralb (F) 
SO3IAlk.Eq Ratio {Avg 

100.00 
1.63 

100.00 
84.71 

100.00 
3.42 

100.00 
14.74 

1 .00 
0.1 1 
0.89 

100.00 
26.32 

~ 0 0 . 0 0  
84.62 

100.00 
10.47 

100.00 
26.09 

0.43 
0.43 
0.43 

M540(K) M543(K) 
DKF11 DKF12 

1 00.00 ioa.00 
42.57 95.74 

100.00 100.00 
80.95 125.00 

100.00 100.00 
19 77 62.10 

100.00 100.00 
29.81 68.08 

0 58 0 60 
0.83 0.96 
0.64 0.79 

PDM540 POM543 
M54O-20 M543-20 

100.00 
0.00 

100.00 
80.95 

100.00 
5.56 

100.00 
33.33 

0.01 
0.00 
0.01 

100.00 
34.15 

fOO.00 
112.50 

100.00 
24.75 

100.00 
41.46 

0 3 9  
0.32 
0.37 

M547(K) 
M F t 3  

100.00 
33.93 

100.00 
60.00 

100.00 
22.49 

100.00 
24.96 

0.75 
1.01 
0.80 

PDM547 
M547-20 

100.00 
41.67 

100.00 
80.00 

100.00 
17.65 

100.00 
23.68 

0.24 
0.43 
0.20 

NOBB(K) 
DKF14 

100.00 
54.79 

100.00 
11 1.76 

100.00 
36.09 

1 00 .oo 
43.36 

0.67 

0.72 

PDNW 
N088-20 

100.00 
26.09 

100.00 
111.76 

100.00 
30.36 

tOO.OO 
45.58 

0.40 
0.23 
0.34 

0.85 
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studied. The conclusions of this report are: at 1O00 exp 0 C, a combination of CaCO sub 
3 and CaCl sub 2 additives enables volatilizion in one-half hour up to about 50% of the 
total alkali from high-alkali feldspars. However, much less alkali was lost from the typical 
cement plant raw materials under the same conditions; the atmosphere in which the 
experiment was conducted may have a significant effect on the results, especially if there is S 
present in the system. Absence of 0 can lead to decomposition ofnormally involatile alkali 
sulfates. Fe C1 sub 3 , may be lost from the sample. Losses are greatest in the absence of 
CaO and water vapor; sintering points of the pure minerals are above 1200 exp 0 C, 
Therefore, there is little danger of their sintering at 10oO exp 0 C, the presence of fluxing 
agents such as CaCl sub 2 may cause some sticking: and the use of vapor-phase 
compounds such as FeCl sub 3 and HCl is not an effective means of volatilizing alkalies 
under test conditions of (lo00 exp 0 C for 30 minutes). (ERA citation 04:052007) 

G 
577209 ERA-05:008792, EDB-80:016731 
Use of precalciners to remove alkali from raw material in the cement 

Gartner, E.M. 
Portland Cement Association, Skokie, IL (USA). Construction Technology Labs. 
Feb 1979. 32p.  
Report No.: COO-4929-2 
Contract No.: EM-78-C-02-4929 
Journal Announcement: EDB8002 
Availability: Dep. NTIS, PC A03LM.F A01. 
Document Type: Report 
Language: English 
Subfile: ERA (Energy Research Abstracts); TIC (Technical Information Center) 
Country of Publication: United States 
The attached reports deal with the results of: (1) a literature survey on the general topics of 

alkali volatilization and heat transfer in cement manufacturing systems, (2) a survey of on- 
line gas analysis techniques for alkalies, sulfur and chlorine, and (3) a series of high- 
temperature bums of selected ground argillaceous minerals with various chloride-containing 
admixtures. Little further information regarding the volatility of alkalies in pure minerals was 
found. The survey of on-line gas analysis techniques for alkalies, etc., has shown that no 
techniques have as yet been developed to the stage where they can be used in cement kiln 
system. However, developments in this area might be expected to occur rapidly in the next 
few years, The experimental work has been successful in showing that the combined 
addition of CaCO/sub 3/ and CaCVsub 2/ to several of the minerals enhances alkali volatility 
at lOOO/sup O/C relative to addition of CaCVsub 2/ alone, although the d e p e  of alkali loss 
rarely exceeds about 50%. The greatest success was achieved with the feldspars, which also 
performed well with additions of a MgCVsub 2//NH/sub 4/Cl m i x m .  The illite and 
muscovite results generally were more, difficult to interpret. The kaolin and montmorillonite 
actually showed gains in alkali content in many of the burns, probably due to a wealmess in 
the experimental method. As a result, future experiments will, where possible, be conducted 
in a rube furnace. in a flowing gas srream, to avoid sample contamination. Further work will 
also include the use of FeCVsub 31 and HCl vapors in controlled atmospheres. 

industry. Quarterly technical progress report, November 1978-January 1979 
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C 
532774 ERA-04:052007, EDB-79: 112239 
Use of precalciners to remove alkalies from raw materials in the cement 

Gartner, E.M. 
Portland Cement Association, Skokie, IL (USA) 
May 1979. 14 p. 

Contract No.: EM-78-C-02-4929 
Journal Announcement: EDB7910 
Availability: Dep. NTIS, PC A02/MF A01. 
Document Type: Report 
Language: English 
Subfile: ERA (Energy Research Abstracts); TIC (Technical Information 

Country of Publication: United States 
Laboratory tests designed to evaluate the volatilityofa-lkaliesin 

industry. Quarterly technical progress report, February--April 1979 

Repm NO.: (200-4929-3 

Center) 

finely-ground argillaceous minerals are reported A method used todetermine the 
sintering points of these minerals is described. In addition to six pure minerals which were 
studied, argillaceous materials which are more typical of cement-plant raw feed 
components were studied. The conclusions of this report are: at lOOO/sup O K ,  a 
combination of CaCO/sub 31 and CaCVsub 2/ additives enables volatilizion in one-half hour 
up to about 50% of the total alkali Erom high-alkali feldspars. However, much less alkali 
was lost from the typical cement plant raw materials under the same conditions; the 
atmosphere in which the experiment was conducted may have a significant effect on the 
results, especially if there is S present in the system. Absence of 0 can lead to decomposition 
ofnormally involatile alkali sulfates. Fe Wsub 3/, may be lost from the sample. Losses are 
greatest in the absence of CaO and water vapor; sintering points of the pure minerals are 
above 12OO/sup O K .  Therefore, there is little danger of their sintering at lOOO/sup O/C, the 
presence of fluxing agents such as CaCVsub 2 ’ may cause some sticking: and the use of 
vapor-phase compounds such as FeCl/sub 3, md HCl is not an effective means of 
volatilizing alkalies under test conditions of (lOOO/sup O/C for 30 minutes). 

G 
001 62077 Monthly No: EJ7 1x0480 17 
Cement kiln capacities, heat consumption, and an alkali rejective suspension preheater. 
GIESKIENG, D. H. 
Source: Cern Techno1 v 1 n 2 Mar-Apr 1970 p 53-7 

G 
107222134 CA: 107(24)222134p JOURNAL 
Alkali cycle in a cement-burning installadon 
AUTHOR(S): Ghestem, Gerard 
LOCATION: Fabr. Lille, Fives-Cail Babcock, Fr. 
JOURNAL: Cem.-Homigon DATE: 1987 VOLUME: 58 NUMBER: 644 PAGES: 

649-66 CODEN: CMHOAF ISSN: 0008-8900 LANGUAGE: Spanish 
SECTION: 
IDENTIFIERS: kiln cement precalciner bypass, alkali cycle cement kiln 

CA258001 Cement, Concrete, and related Building Materials 
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ti 
951 19918 CA: 95( 14)119918g JOURNAL 
The sulfur cycle in cement kilns 
AUTHOR(S): Glasser, Frederic P. 

e 

. 

LOCATION: Dep. Chem., Univ. Aberdeen, Old Aberdeen, Scot-, 
JOURNAL: Semento Gijutsu Nenpo DATE: 1980 NUMBER: 34 PAGES: 20-3 
CODEN: SGNEAD ISSN: 0370-99 14 LANGUAGE: Japanese 
SECTION: 
IDENTIFIERS: review sulfur cycle cement kiln 
DESCRIPTORS: Cement ... burning of, sulfur cycle in 
CAS REGISTRY NUMBERS: 

CA058000 Cement and Concrete Products 

7704-34-9 properties, distribution of, in cement kiln 

ti 
01 106308 Monthly No: EI8204027121 E.I. Yearly No: EI82012555 
CYCLIC PHENOMENA OF SULPHUR IN CEMENT KILNS. 
Goldmann. W.: b f t ,  W.; Schuette, R. 

I .  

Krupp Polysius, Beckum, Ger 
Source: World Cement Technology v 12 n 9 Nov 1981 p 424-427,429-430 
CODEN: WCIEDS ISSN: 0308-8855 
Language: ENGLISH 
Journal Announcement: 8204 
The paper describes the behavior of sulfur during the cement clinker 

burning process and presents formulas for the calculation of the 
concentration in the clinker and the quantity of the constituents absorbed 
out of the gas phase in the preheater. 6 refs. 

ti 
96090606 CA: 96( 12)90606m JOURNAL 
Cyclic phenomena of sulfur in cement kilns 
AUTHOR(S): Goldmann, W.; Kreft, W.; Schuette, R. 
LOCATION: Krupp Polysius A.-G., Beckum, Fed. Rep. Ger. 
JOURNAL: World Cem. Technol. DATE: 1981 VOLUME: 12 NUMBER: 9 PAGES: 

IDENTIFIERS: sulfur compd cement manuf 
DESCRIPTORS: Cement.., sulfur compds. cycles in manuf. of 
CAS REGISTRY NUMBERS: 

424-7,429-30 CODEN: WCTEDS ISSN: 0308-8855 LANGUAGE: English 

7704-34-9D compds., in cement manuf. 

G 
79075796 v7n9 
Phase transformation and clinker formation in a suspension preheater kiln 
Gouda, G, R. 
Fuller Co., Catasauqua, PA 
American Ceramics Society 81st Annual Meeting and Exposition 792 2210 

Cincinnati, Ohio 29 Apr-2 May 79 
American Cenmic Society 
Abstracts (Eng) in ''Ceramics Bulletin," Mar 79 issue, available 15 Mar 79, $3.50: 

AmCermSoc, 65 Ceramic Dr., Columbus, OH 43214. 
Descriptors: PHASE; TRANSFORMATION; CLINKER; SUSPENSION; HEAT 
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G 
257502 ERA-02:038325, EDB-77:095591 
Elimination of water pollution by recycling cement plant kiln dust. Final report 
Greening, N.R.; Miller, F.M.; Weiss, C.H.; Nagao, H. 
Portland Cement Association, Skokk, IL (USA) 
Jul 1976. 69 p. 
Report No.: PB-259080 
Journal Announcement: EDB7706 
Availability: NTIS, PC AWMF A01. 
Language: English 
Subfile: ERA (Energy Research Abstracts); NTS (NTIS) 
Country of Publication: United States 
Excessive amounts of alkalies can have deleterious effects upon the process of cement 

manufacture and the product. Normally much of the alkali present in cement mw materials 
is volatilized in the cement kiln and condenses on the particles of kiln dust which are carried 
outofthekiln by the combustion gases. Air pollution control &vices, such as 
electrostatic precipitators and fabric filters, collect this dust. If it is subsequently rcnuned to 
the kiln, an equilibrium circulating load of alkali is established. When this load is too 
high, serious kiln 'ring' formation can occur, which often leads to problems with 
operational continuity, as the alkalies alternately vaporize and condense. It is often necessary 
to discard at least a portion of the kiln dust. This disposal also represents poor land use, 
and can create a water pollution problem because of leachable alkali salts. This study repurts 
on the determination of the feasibility of separation of cement plant kiln dust, into fractions 
which are alkali-rich and alkali-poor, by fluidized bed and flame-spray methods. The 
parameters varied were: The feeding system and fluidizing arrangement, the portion of the 
system designed for alkali entrapment, the dust collection mechanism, the tern- of 
the flame and collection system, and the collecting medium itself. (GRA) 

H 
Hawkins, P., "Alkali Behavior in a Suspension Preheater Using a Gas By-pass - Practical 
Experience at the Rillito Installation," presented at the I.E.E.E. Meeting, Gucson, AZ (May 
1976). 

H 
02020887 Monthly No: EX8609080674 E.I. Yearly No: EI86014442 
USE OF CARBON MONOXIDE AND OTHER GASES FOR PROCESS CONTROL. 
Hansen, Eric R. 
Ash Grove Co, Overland Park, KS, USA 
Source: IEEE Transactions on Industry Applications v IA-22 n 2 1986 p 338-344 

Language: ENGLISH 
Journal Announcement: 8609 
The application of the analysis of trace gas emissions downstream of the process dust 

filters in a precalciner kiln as a means of controlling the air-fuel ratio is described This 
application eliminated the need for a high-temperature probe in the kiln as the kiln excess-air 
requirement is determined and controlled based on carbon monoxide, nitrogen oxide, and 
sulfur dioxide concentrations downstream of the bypass dust fdtm. Control of the excess air 
in the precalciner is also based on the carbon monoxide concentration downstream of the 
preheater dust collector. Control by carbon monoxide has shown considerable advantages 
over the traditional technique of control based on oxygen analysis. These advantages 
include: simplification of sampling, increased kiln productivity and efficiency, better 

CODEN: ITIACR ISSN: 0093-9994 
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operator response to analyzer infomation, precise combustion control showing promise 
for reducing nitrogen-oxide emission, and control of clinker quality. 4 refs. 
Identifiers: AIR-FUEL RATIO CONTROL; ANALYSIS OF TRACE GAS EMISSIONS; 

PRECALCINER KILN; NITROGEN OXIDE 

H 
02083760 Monthly No: EIM8604-021336 
USE OF CARBON MONOXIDE AND OTHER GASES FOR PROCESS CONTROL. 
Hansen, Eric R. 
KHD Humboldt Wedag, West Ger 
Conference Title: Twenty-Seventh IEEE Cement Industry Technical Conference. 
Conference Location: New Orleans, LA, USA Conference Date: 1985 May 20-23 
Sponsor: IEEE Indusv Applications Soc, Cement Industry Committee, NewYork, NY, 

€.I. Conference No.: 07744 
Source: IEEE Cement Industry Technical Conference (Paper) 27th. Pub1 by 
IEEE, New York, NY, USA Available from IEEE Service Cent (Cat n 
85CH2169-1), Piscataway, NJ, USA 15p 

USA. 

CQDEN: ICIPDM ISSN: 0731-4906 
Language: English 
Journal Announcement: 8604 
The author describes the application of the analysis of trace gas emissions downstream 

of the process dust filters in a precalciner kiln as a means of controlling the air-tefuel ratio. 
This application is shown to eliminate the need for a high-temperature probe in the ldln since 
thekilnexcess air requirement is determined and controlled based oncarbonmonoxide, 
nitrogen oxide, and sulfur dioxide concenaations downsmam of the bypass dust filter. 
Control of the excess air in the precalciner is also based on the carbon monoxide 
concentration downstream of the preheater dust collector. Control by carbon monoxide 
has shown considerable advantages over the traditional technique of control based on 
oxygen analysis. 4 refs. 

H 
01320560 Monthly No: E18301003624 E.I. Yearly No: EI83050431 

CHARACTERIZATION OF U. S .  CEMENT KILN DUST. 
Haynes, Benjamin W.; Kramer, Gary W. 
Bur of Mines, .4vondale, Md, USA 
Source: Inf Circ US Bur Mines 8885 1982 22p 
CODEN: XlMIAL ISSN: 0096-1914 

H 
FN- DIALOG COMPENDEX FILE 81 
AN- 022 160841 
AN- &I MONTHLY> E187060592821 
TI- OPERATING EXPERIENCE WITH THE EXTRACTION OF CALCINED RAW 
MEAL FROM PREHEATER INSTALLATIONS.1 
AU- Henkel, F.1 
SO- ZKG Int Engl Trans1 v 38 n 12 Dec 1986 p 441 
PY- 19861 
CO- ZlETE6I 
LA- ENGLISH1 
TC- E; (Economic/Cost DatdMarket Survey); G; (General Review)l 
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JA- 87061 
AB- On enay into the rotary kiln the cement raw meal from a preheater without secondary 
firing is already about 40 per cent calcined, When secondary f h g  is applied, this figure rises 
to close on 100 per cent. Calcination releases CaO, which in part is combined directly as 
C/DS or spurrite, C//4AF and C//1//2A//7. In addition, calcined raw meals contain salts such 
as KCI or alkali calcium sulfate which participate in cyclic processes in the kiln system. Such 
meals possess hydraulic activity which resembles that of hydraulic or eminently hydraulic 
lime. They can accordingly be used in the same way as such lime M as additives to plastering 
and masonry cements, in blended cements or as insulating materials for hydraulically bound 
base courses or as fillers. The development of the method of extracting the calcined meal from 
the preheater and the first application thereof at the Eiberg cement plant axe &Scribed. 
Furthermore, new methods are outlined which moreover enable the heat contained in the meal 
to be recuperated for the burning process. (Edited author abstract)l 

H 
FN- DIALOG COMPENDEX FILE 81 
AN- 023 134851 
AN- &I MONTHLY> EI87090915971 
TI- SOPHlSTICATED AIR BLASTERS AND PROGRAMMABLE CONTROLS TO 
PREVENT MATERIAL BUILD-UP.1 
AU- Hughes, Graham I 
CS- Linemann Halflo Ltd, Engll 
SO- World Cement v 18 n 3 Apr 1987 p 98-991 
PY- 19871 
CO- WOCEDRl 
SN- 0263-60501 
LA- ENGLISH1 

JA- 87091 
TC- G ;  (General Review)l 

AB- The new precalciner four-stage preheater ldln proposed by Blue Circle Industries for 
installation at its Cauldon works has a theoretical capacity three times greater than those 
replaced, but the increased output of clinker means that there is a related increase in the 
throughput of raw meal, creating a greater possibility of this material build-up. Incorporating 
sophisticated air blasters and programmable controls has brought the highest levels of 
engineering excellence and operating perfomance to this field Incorporating a ceramic f ikr  
gasket and its reportedly unique 'air curtain' system in the design of the air blaster probe 
reduced the transmitted heat temperatures, limited the effect of meal penetration and restricted 
the passage of gases into the internal tube, thereby creating a totaUy reliable 
solution that is free from irregular maintenance problems. The programmable logic controller 
provided a similar reduction in the amount of time needed to alter the control philosophy; this 
was achieved by simple modifications to the program based on Blue Circle's own practical 
expenence. 1 

H 
€3- DIALOG COMPENDEX FILE 81 
AN- 023513121 
AN- <EI MONTHLY> EM871 1-0773341 
TI- PANEL ON KILN-BUILDUPS.1 
AU- Hung Chenl 
CS- Canada Cement Lafarge Ltd, Monmal, Que, Can1 
CT- Proceedings of the Eighth International Conference on Cement Microscopy. 
CL- Orlando. FL, USA 
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CD- 1986 Apr 7-101 
SP- Int Cement Microscopy Assoc, Duncanville, TX, USA1 
SO- Proceedings of the International Conference on Cement Microscopy 8th. 

Publ by Int Cement Microscopy Assoc, Duncanville, TX, USA p 71-721 
PY- 19861 co- PICMEZJ 
CN- 09541 I 
LA- English1 
JA- 871 11 
AB- Kiln-buildups commonly include ring formations between a burning zone and a calcining 
zone, coatings or balls in a chain zone, and scales in a kiln riser duct, a preheater cyclone, and 
on I. D. fan blades. These materials could severely reshct normal flows of kiln gases and 
kiln charge to the extent that steady kiln operations are no longer possible. The unavoidable 
consequences are loss of production and inconsistent clinker qualities. The mechanisms of 
kiln buildups are summarized.1 

H 
02087952 Monthly No: EIM8604-026252 

APPLICATION OF DTA AND TGA TO TROUBLE-SHOOTING OF THE PORTLAND 
CEMENT BURNING PROCESS. 
Hung Chen 
Canada Cement Lafarge Ltd, Central & Research Lab, Belleville, Ont, Can 
Conference Title: Thermal Analysis, Proceedings of the Seventh 

Conference Location: Kingston, Ont, Can Conference Date: 1982 Aug 22-28 
E.I. Conference No.: 05650 
Source: v 2. Publ by John Wiley & Sons, Chichester, Engl and New York, 

Language: English 
Journal Announcement: 8604 
DTA and TGA have been widely used to study cement hydration and the thermal 

reactivities of raw materials or raw mixes. However, they have rarely been used in 
trouble-shooting of the above mentioned process problems. The special emphasis of 
this paper is on the analysisof spurrite, i. e. Ca//S (SiO//4)//2CO//3 or 2C//2S. 
CaC0//3 in cement chemists' notations, and the determination of the rneltingheezing points 
and the volatiliry of the problem compounds. This information is essential in understanding 
the operational problems caused by volahle recirculation.24 refs. 

International Conference. 

NY, USA p 1303-1309 
ISBN: 0-471-26245-5 

I 
01978485 Monthly No: EM06045978 E.I. Yearly No: EI86014.429 
STUDY ON ALKALI FLOW IN PREHEATER ROTARY KILNS. 
Ioganson, A. K.; Fraiman, L. S.; Solovushkov, N. Ye. 
Source: Tsement n 1 Jan 1986 p 16-17 

Language: RUSSIAN 
Document Type: JA; (Journal Article) Treatment: G; (General Review); N; 

(NumeridStatistical); X; (Experimental) 
Journal Announcement: 8606 
The article presents results of a study on alkali flowhrotarypreheaterkilns.The 

study is done for the use of raw materials with higher contents of alkali metal sulfates and 

CODEN: TSMTAC ISSN: 0372-1736 
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chlorides. The calculations of their volatility coefficients are presented and their effect on heat 
consumption discussed. 4 refs. In Russian. 

VOLATILITY: HEAT CONSUMPTION 
Identifiers: FLOW OF ALKALIES; PREHEATER CEMENT KILNS; ALKALI 

I 
104173273 CA: 104(20)173273k JOURNAL 
Study of circulation of alkalies in a rotary kiln with a heat exchanger 
AUTHOR(S): Ioganson, A. K.; Fraiman, L. S.; Solovushkov, N. E. 
LOCATION: GPROTsEMENT, USSR 
JOURNAL: Tsement DATE: 1986 NUMBER: 1 PAGES: 16-17 CODEN: TSMTAC 
ISSN: 0041-4867 LANGUAGE: Russian 
DESCRIPTORS : 

Cement ... 
Kilns,cement ... 
CAS REGISTRY NUMBERS: 

1313-59-3 12136-45-7 properties, volatility of, in cement raw-material flour, 
magnesium oxide effect on 

7446- 1 1-9 16887-00-6 uses and miscellaneous, circulation of, in cement kiln system, 
design effect on 
1309-48-4 uses and miscellaneous, in cement raw-material flour, volatility of alkalies in 
relation to 

clinker, compn. of, kiln design effect on 
volatility of alkalies in, magnesium oxide effect on 

J 

high temperature 

97097 173 CA: 97( 12)97 173x JOURNAL 
Relationship between clinkering reactions and alkali evaporation in portland cement kilns at 

AUTHOR(S): Johansen, V.; Christensen, N. H. 
LOCATION: F. L. Smidth Co., Copenhagen, Den. 
JOURNAL: Epitoanyag DATE: 1982 VOLUME: 34 NUMBER: 4 PAGES: 155-8 

SECTION: 
DESCRIPTORS: 

CODEN: EPITAA ISSN: 001 3-970X LANGUAGE: Hungaria 

Sulfates,uses and miscellaneous ... 
Cement ... 
Alkalies ... 
Air pollution ... 
CAS REGISTRY NUMBERS: 

7664-93-9D alkali metal salts, in burning of cement clinker, evapn. of alkalies in relation to 
12141-48-9 14981-10-3 formation of, in cement clinker burning, effect of 

13 13-59-3 121 36-45-7 uses and miscellaneous, in cement burning 

alkali evapn. in cement burning in relation to 
burning of, effect of alkalies and sulfates on 
evapn. of, in cement burning 

in cement burning, by volatile alkalies 

alkalies and sulfates on 

J 
104038781 CA: 104(6)38781j JOURNAL 
Alkali reduction in a precalciner kiln 
AUTHOR(S): Jones, G .  D,; Hansen, E. R. 
LOCATION: KS, USA 
JOURNAL: Zem.-Kalk-Gips, Ed. B D A E :  1985 VOLUME: 38 NUMBER: 10 
PAGES: 593-4 CODEN: ZKGBD9 ISSN: 0341-0560 LANGUAGE: English 
IDENTIFIERS: clinker cement precalciner kiln, kiln cement alkali volatilization 

i 

40 



3 

DESCRIPTORS: 
Kilns, cement ... 
Alkalies.. . precalciner, &ah volatilization from 

volatilization of, from cement clinker precalciner kilns 

K 
02025410 Monthly No: EI8610093182 EJ. Yearly No: EI86014440 

Volatiles Circulation in a Preheater and Precalciner Rotary Kiln. 
TSIRKULYATSIYA LETUCHlKH SOEDINENII VO VRASHCHAYUSHCWEISYA 

PECHI STEPLOOBMENNIXAMI I DEKARBONIZATOROM. 
Khodorov, E. I.; Korol'kov, A. V. 
Source: Tsement n 1 Jan 1984 p 13-15 

Language: RUSSIAN 
Document Type: JA; (Journal Article) Treatment: G; (General Review) 
Journal Announcement: 8610 
The authors present a mathematical model for the citculation of volatile compounds in a 

Descriptors: *CEMENT PLANTS--*Kilns; €ULNS--Rotmy; VAPORS-Condensation; 

CODEN: TSMTAC ISSN: 0372-1736 

rotary cement kiln with heat exchangers and calciner. The m d e l  is based on the alkali 
content of the cement making raw materials. 5 refs. In Russian. 

HEAT EXCHANGERS--Mathematical Models; ALKALI METAL COMPOUNDS-- 
Evaporation; CEMENT--Raw Materials 

K 
100143970 CA: 100(18)143970k JOURNAL 
Circulation of volatile compounds in a rotary kiln with heat exchangers and a precalciner 
AUTHOR(S): Khodorov, E. I.; Korol'kov, A. V. 
LOCATION: Vses. A1yum.-Magnievii Inst., Leningrad, USSR 
JOURNAL: Tsement DATE: 1984 NUMBER: 1 PAGES: 13-15 CODEN: TSMTAC 
ISSN: 0372-1736 LANGUAGE: Russian 
IDENTIFIERS : 
heat exchanger scaling prevention bypass, volatile compd bypass rotary kiln 
DESCRIPTORS : 

Heat-exchange apparatus ... 

Cement ... 

cement kiln, scale prevention in, by recirculating volatile compds., 
bypass for 

clinkering of, combustion gases from, recirculation of volatile compds. 
in, heat exchanger scale formation by, bypass for prevention of 

from cement clinkering, recirculation of volatile compds. in, heat 
exchanger scale formation by, bypass for prevention of 

prevention of, in cement kiln heat exchangers, by recirculating 
volatile compds., bypass for 

CAS REGISTRY NUMBERS: 

heat exchanger scale formation by, bypass for prevention of 

clinkering, recirculation of volatilized, heat exchanger scale 
formation by, bypass for prevention of 

Corn bus tion gases.. . 

Scale(coating)., . 

7782-50-5 uses and miscellaneous, in cement clinkering, recirculation of, 

1313-59-3 7446-1 1-9 12136-45-7 uses and miscellaneous, in cement 
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K 
00123695 Monthly No: EI71X010312 
Problems in the operation of preheater kilns. 
Der Betrieb von Waermetauscheroefen. 
KIRSCH, J. 
Source: Zement-Kak-Gips v 23 n 6 June 1970 p 269-76 
CODEN: ZMKGA ISSN: 0044-3905 

K 
00470734 Monthly No: EI7508050441 E.I. Yearly No: EI75009953 
OUTLINE OF ISHIKAWAJIMA-HARIMA HEAVY INDUSTRY - SUSPENSION- 

HEATER FLASH-FURNACE CLINKER BURNING PROCESS. 
Kobayashi, Toshihiro 
Ishikawajima-Harima Heavy Ind, Tokyo, Jpn 
Source: EEE Transactions on Industry Applications v IA-11 n 3 May-Jun 1975 p 308-313 

Language: ENGLISH 
Journal Announcement: 7508 
The suspension-preheater flash-furnace (SF) process for cement clinkering introduces a 

calcining flash furnace operating as an integral portion of a suspension preheats, rotary kiln, 
and clinker cooler system. Preheated raw meal from the suspension pheater is calcined in 
the flash furnace to 80 to 90 percent decarbonation. The capacity of the SF rotary kiln is 
increased thereby, since its function is limited to sinkring rather than sintering and 
calcining. The flash furnace incorporates vortex flow to accomplish the mixing of fuel, raw 
meal, and gases. Effective distribution within the flash furance limits temperam 
gradients and eliminates localized elevated temperatures that might otherwise lead to coating 
and material build-up. Hot combustion gases are recovered from the clinker cooler for 
use in the flash furnace. An orifice in the kiln gas exit duct serves to balance the parallel gas 
flows through the kiln and secondary air duct. Operating pressures and temperatures are 
described The smaller size of the rotary kiln used in the SF process leads to extmded 
refractory life as demonstrated by operating experience. The SF process is adaptable to the 
control of internal alkali, sulfur, and chlorine cycles through a gas bypass and through a 
unique material withdrawal arrangement from the flash furnace. Existing plants may be 
modified to incorporate the SF process. 

CODEN: JTIACR ISSN: 0093-9994 

K 
Kohanowski, F. I., "Second-Generation &calcining with Bypass Alternatives for Alkali 
Control," Proceedings of the 14th International Cement Seminar, Rock Products (December 
1978). 

K 
107 1 82 196 CA: 107(20) 1 82 196b JOURNAL 
The interruption of material cycles, taking account of integrated further utilization in the 

AUTHOR($): Kreft, W. 
LOCATION: Ennigerloh, Fed. Rep. Ger. 
JOURNAL: am.-Kalk-Gips, Ed. B DATE: 1987 VOLUME: 40 NUMBER: 9 
PAGES: 447-50 CODEN: ZKGBD9 ISSN: 0341-0560 LANGUAGE: German 
IDENTIFIERS: emission cement plant cycle intemption, quality cement plant cycle 

cement plant 

intemption, alkali cycle cement plant, sulfur cycle cement plant, chlurine cycle cement plant, 
cadmium cycle cement plant, lead cycle cement plant 

42 



. 
r: 

DESCRIPTORS: 
Cement.. . 

Bases,uses and miscellaneous.. recirculation of, in cement manuf., intemption of, material 
cycles in relation to 

7439-92- 1 7440-43-9 7704-34-9 7782-50-5 uses and miscellaneous, m h u l a t i o n  of, in 
cement manuf., intemption of, material cycles in relation to 

manuf. of, trace material cycles in, intemption of, for quality improvement 

CAS REGISTRY NUMBERS: 

K 
02012205 Monthly No: EI8609080669 E.I. Yearly No: EI86014435 

OF HIGH CHLORINE INTAKE LEVELS. 
ALKALI AND SULPHUR VAPOREATION IN CEMENT KILNS IN THE PRESENCE 

Kreft, w. 
Source: Zement-Kalk-Gips, v 37 n 8 Aug 1985 p 259-260 
CODEN: ZKGBD9 ISSN: 0722-4400 
Language: ENGLISH 
Document Type: JA; (Journal Article) Treatment: G; (General Review) 
Journal Announcement: 8609 
In many kiln plants the use of coal and raw materials with high chlorine conbnt gives rise 

to coating problems which are due to cyclic processes. The influence of chlorine on the 
volatility of alkali and sulphur was investigated by means of systematic balance 
measurements performed on five Dopol kiln plants. The mults show that the alkali and 
sulphur cycles increase with increasing chlorine intake. Balances and cycles are described 
and represented (Edited author abstract) 6 refs. 

K 
01388009 Monthly No: EI8309071533 E.J. Yearly No: EI83011411 

ZEMENTOEFEN. 

Method for the Advance Calculation of Cyclic Phenomena in Rotary Cement ah. 
METHODE ZUR VOIUUSBERECHNUNG VON SCHADSTOFFKREISLAN IN 
Kreft, W. 
Source: Zement-Kalk-Gips, v 35 n 9 Sept 1982 p 456-459 

Language: GERMAN 
Journal Announcement: 8309 
A mathematical model for the advance calculation of cyclic phenomena involving noxious 

substances (alkali, sulfur and chlorine) in rotary cement kilns is described- The development 
of an external dust cycle which raises the original concentration of these substances in the raw 
meal is taken into account. It is shown how the model can be applied to the assessment of 
the material in the design stage of the plant. 3 refs. In German with English abstract. 

CODEN: ZKGBD9 ISSN: 0722-4400 

K 
981 12603 CA: 98(14)112603d JOURNAL 
Methods for precalculation of contaminant circulation in cement kilns 
AUTHOR(S): Kreft, W, 
LOCATION: Beckum, Fed. Rep. Ger. 
JOURNAL: Ern.-Kalk-Gips, Ed. €3 DATE: 1982 VOLUME: 35 NUMBER: 9 
PAGES: 456-9 CODEN: ZKGBD9 ISSN: 0341-0560 LANGUAGE: Geman 
IDENTIFIERS: sulfur contaminant cement kiln, alkali contaminant cement 

kiln, chlorine contaminant cement kiln 
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DESCRIPTORS: Kilns,cement ... contaminants circulating in, model for precalcg. 

CAS REGISTRY NUMBERS: 
Alkalies ... in cement kiln cycles, model for precdcg. 

7704-34-9 7782-50-5 uses and miscellaneous, in cement kiln cycles, model for pncalcg. 

K 
017491 88 Monthly No: EI8504025252 E.I. Yearly No: EI85013798 
Calcining Cement Raw Materials in the Circulating Fluidized Bed at the La 

Nauvelle Plant, France. 
CALCINIEREN VON ZEMENTROHMEHL IN DER 'ZIRKULIERENDEN 
WIRBELSCHICHT IM WERK PORT LA NOUVEL,LEFFWNKREICH. 

Kuehle, K, 
Source: Zement-Kalk-Gips, v 37 n 5 May 1984 p 219-225 

Language: GERMAN 
Document Type: JA; (Journal Article) Treatment: A; (Applications); X; (Experimental) 
Journal Announcement: 8504 
A circulating fluidized bed (CFB) was commissioned as a calciner at the Port La Nouvelle 

CODEN: ZKGBD9 ISSN: 0722-4400 ISBN: 0-8412-0890-5 

works of Ciments Lafarge France. The CFB differssubstantially from the concmnt 
reactors otherwise employed in the precalcining process. These differences are explained. 
In operating tests with the system, high-grade as well as low-grade (high-ash) coal were 
fired. Operational troubles occurred frequently during the trial stage. More particularly, 
high alkali chloride cycles caused blockages in the kiln system. The operating mode with the 
CFB and low-grade fuel was more economical than conventional kiln operation. 8 refs. In 
German with English abstract. 

K 
02334223 Monthly No: EI8711108941 
KINETICS OF DECARBONIZATION OF RAW MEALS AND COMBUSTION OF 

SOLID m L S  IN PRECALCINERS. 
Kupper, Detlef; Tiggsbaeurneker, Peteq Von Seebach, Michael 
Krupp Polysius, Beckum, West Ger 
Source: Ciments, Betons, Plains, Chaux n 765 Feb 1987 p 95-103 
CODEN: CBFCDD ISSN: 0397-006X 

L 
83120125 CA: 83(14)120125e JOURNAL 
Chemical effect of additives on the processes preceding clinker formation. Natural volatile 

AUTHOR(S): Luginina, I, G.; Luginin, A. N.; Shaposhnikova, M. A.; KIassen, V. K. 
LOCATION: Kazakh. Chem.-Technol. Inst., Chimkent, USSR 
JOURNAL: Silikattechnik DATE: 1973 VOLUME: 24 NUMBER 11 PAGES: 374-7 
CODEN: SITKA7 LANGUAGE: German 
IDENTIFIERS: cement clinker formation volatile additive, chloride 

additive cement clinker, sulfate additive cement clinker, carbonate additive cement clinker 
DESCRIPTORS : 

Cement ... clinkers, calcium carbonate-silica hypathetical reaction products in firing of 
CAS REGISTRY NUMBERS: 

584-08-7 reactions of, with calcium carbonate and silica in cement clinker 

763 1-86-9 reactions, with calcium carbonate and alkalies, in cement 

additives 

firing, hypothetical products from 
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clinker firing, hypothetical products from 

silica, in cement clinker firing, hypothetical products from 
497- 19-8 7757-82-6 7778-80-5 reactions, with calcium carbonate and 

471-34-1 reactions, with silica and alkalies, in cement clinker firing, 
hypothetical products from 

M 
96 1503 N83- 1 3644/0 

An Assessment of Gas-Side Fouling in Cement Plants 
Marner, W. J. 
Jet Propulsion Lab., Pasadena, CA. 
Corp. Source Codes: 014828000; JJ574450 
Sponsor: National Aeronautics and Space Administration, Washington, DC. 

Sep 82 109p 
Sponsored in Part by Doe. 
Languages: English 
NTIS Prices: PC A 0 6 M  A01 Journal Announcement: GRAI8309; STAR2104 
Country of Publication: United States 
The cement industry is the most energy-intensive industry in the United States in terms of 

energy cost as a percentage of the total product cost. An assessment of gas-side fouling in 
cement plants with special emphasis on heat ~cove ry  applications is provided In the present 
context, fouling is defined as the buildup of scale on a heat-transfer surface which retards 
the transfer of heat and inclu&s the related problems of erosion and corrosion. Exhaust 
gases in the cement industry which are suitable for heat recovery range in temperature from 
about lo0 to 1300 K, are generally dusty, may be highly abrasive, and are often heavily 
laden with alkalies, sulfates, and chlorides. Particulates in the exhaust streams range in s k  
from molecular to about 100 micrometers in diameter and come from both the raw feed as 
well as the ash in the coal which is the primary fuel used in the cement indusq, The major 
types of heat-transfer equipment used in the cement industry include preheatem, gas-mair 
heat exchangers, waste heat boilers, and clinker coolers. At the present h e ,  the trend in 
this country is toward suspension preheater systems, in which the raw feed is heated by 
direct contact with the hot kiln exit gases, and away from waste heat boilers as the principal 
method of heat recovery. The most important gas-side, fouling mechanisms in the cement 
industry are those due to particulate, chemical reaction, and corrosion fouling. 

Report NO.: NAS 1.2611695 13; JPL-PUB-82-83; NASA-CR-169513 

M 
00638208 Monthly No: EI7707046618 E.I. Yearly No: EI77011400 
Effect of Sulfur and Alkalies in Lime Kilns. 
DIE WIRKUNG DES SCHWEFELS UND DER ALKALIEN IN DEN KALKOEFEN. 
Michalek, 2.; Pospisil, J.; Pospisil, 2. 
Source: Zement-Kalk-Gips v 30 n 1 Jan 1977 p 26-33 

Language: GERMAN 
Journal Announcement: 7707 
The results of theoretical and experimental research on the effect of volatile harmful 

constituents in lime kilns are reported. The industrial experience and laboratory tests give 
information on the causes and the mechanism of coating formation in lime kilns and indicate 
possibilities for technical solutions which will obviate the negative effect of the harmful 
consaruenrs on lime kiln operation. 11 refs. In German with English abstract. 

CODEN: ZMKGAL ISSN: 0044-3905 
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M 
01483902 Monthly No: EI8401000837 E.I. Yearly No: EI84015283 

Raw Material Mixtures by Additions of Phosphogypsum. 

FOSFOGIPS A. 

Intensification of the Process of Clinker Formation in Limestone-basalt 

INTENSZFlKATSNA PROTSESSA KLINKEROOBRAZOVANlYA V 
IZVESTNYAKOVO-BMAL'TOV YKH SYR'EVYKH SMESYAKH DOBAVKAMI 

Myasnikova, E. A.; Gurnen, V. S.; Rushelyuk, V. F.; Chemonaya, L. A. 
Kievskii Polytechnical Inst, Kiev, USSR 
Source: Khimicheskaya Tekhnologiya (Kiev) n 3 (129) May-Jun 1983 p 28-30 

Language: RUSSIAN 
Journal Announcement: 8401 
The use of phosphogypsum as a mineralizer makes it possible to increase the output of 

cement furnaces by 2 to 4% and to reduce the calcining temperature, which haeases the 
stability of the furnace lining and reduces the fuel consumption. The presence of [ S0//4 ] 
**2** MINUS ions in the mixture leads to a decrease in the volatility of the W s .  Alkalis 
in the presence of [ S0//4 ] **2** MINUS ions pass more rapidly into the solution, as a 
result of which the process of hydration of cement occurs at a higher rate during the initial 
periods of the hardening. 3 refs. In Russian. 

CODEN: KHMTA6 ISSN: 0368-556X 

N 
FN- DIALOG COMFENDEX FlLE 81 
AN- 022852851 
AN- &I MONTHLY> EI87070662051 
TI- TESTS RELATING TO THE USE OF SOLID FUELS WlTH LOW VOLATILE 

AU- Narang, K. C.1 

PY- 19861 
CO- ZIETEGI 
LA- ENGLISH1 

JA- 87071 

CONTENT IN PRECALCINER ISILNS.1 

SO- ZKG Int Engl Trans1 v 38 n 8 Aug 1986 p 321-3231 

TC- G; (General Review)l 

AB- With the development of precalcining technology it has become possible to use relatively 
low-grade and unconventional fuels. Some of these arise as waste products in other industries 
and have only a low volatile content, as in petroleum coke and coke breeze. These waste 
materials have a high calorific value and yet a relatively low ash content, but because of their 
low volatile content they had previously been utilized only to a limited extent, e. g. , in 
combination with coal. Up to 35 per cent of low-volatile fuel can be fired in a cement plant 
without resulting in increased fuel energy consumption. Low-volatile fuels are comparatively 
hard and must, because of their composition, be ground very fine (5 percent retained on the 
90 micron sieve). The capital cost of the fuel preparation equipment can be reduced with these 
fuels because no elaborate safety or monitoring devices are needed and the exhaust air from 
the clinker cooler can be utilized for drylng them. The grinding and firing system should be 
properly suited to the fuel in question. (Edited author abstract) 16 refs.1 

N 
89094 1 20 CA: 89( 12)94 120b JOURNAL 
Srmcture and properties of halogen-containing melts and clinkers 
AUTHOR(S): Nikol'skii, E. A.; Timashev, V. V,; Osokin, A. P.; Ivashchenko, S. I. 
LOCATION: USSR 
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JOURNAL: Tr. Mosk. Khim.-Tekhnol. Inst. DATE: 1976 VOLUME: 92, PAGES: 

IDENTIFIERS: halogen volatility cement clinker 
DESCRIPTORS : 

92-5 CODEN: TMKlAT ISSN: 0371-9723 LANGUAGE Russian 

Cement ... 
Halogens ... 

clinkers, halogen volatility in formation of 
volatility of, in cement clinker formation 

P 
00788359 Monthly No: EI7901002575 E.I. Yearly No: EI79038671 

CEMENT INDUSTRY. 
NEW LOOK AT EVAPORATIVE GAS COOLING AND CONDITIONING IN THE 

Petersen, H. Hogh 
F. L. Smidth & Co, Copenhagen, Den 
Source: IEEE Cem Ind Tech Conf Pap 20th, Roanoke, Va, May 15-18 1978. 

CODEN: ICIPDM 
Language: ENGLISH 
Journal Announcement: 7901 
Increasing emphasis is being laid on maintaining clean stacks under all operational phases 

Pub1 by IEEE (Cat N 78CH1307-8 IA), New York, NY, 1978 16 p 

at the cement plant-ups or shutdowns of cement and raw mills or unstable clinker cooler 
operation, unsatisfactory precipitator performance might, however, be experienced. The 
influence on precipitator performance of the most important operating parameten: gas 
flow, temperature and moisture content and dust resistivity is reviewed. It is demonstrated 
how it  is possible to control precipitator performance, strated how it is possible to control 
precipitator performance, by control of operating conditions, during startups of cement 
mills, during change-over phases for preheater kilns with conditioning tower and raw 
mill, and during fluctuating clinker cooler operation. 4 refs. 
Descriptors: *GASES--*Purification; ELECTROSTATIC DEVICES; CEMENT PLANTS 

--Equipment 

P 
01071449 Monthly No: E18108063697 E.I. Yearly No: E181012229 

ERBINDUNGEN. 

Kinetic Behavior in the Evaporation of Volatile Compounds. 
BEITRAG ZUR KINETK BE1 DER VERDUNSTUNG FLUECHTIGER 

Petersen, I. F. 
Source: Zement-Kalk-Gips v 34 n 2 Feb 1981 p 80-82 

Language: GERMAN 
Journal Announcement: 8108 
The evaporation of a volatile component during isothermal burning of a clinker nodule is 

described by means of a simple model for controlled diffusion through the gas phase in the 
pore system of the nodule. The model is based on experimental data, and the influence of 
different parameters on evaporation is discussed. 3 refs. In Geman with English abstract. 
Descriptors: "CEMENT--*Manufacture; MATHEMATICAL MODELS; CHEMICAL 

REACTIONS--Reaction Kinetics; EVAPORATION 

CODEN: ZMKGAL ISSN: 0044-3905 

P 
95066731 CA: 95(8)66731g JOURNAL 
Contribution to the kinetics during the evaporation of volatile compounds 
AL;THOR(S): Petersen, I. F. 
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LOCATION: Copenhagen, Den. 
JOURNAL: ZKG, Zern-Kalk-Gips, Ed B DATE: 1981 VOLUME: 34 NUMBER: 2 
PAGES: 80-2 CODEN: ZKGBD9 ISSN: 0341-0560 LANGUAGE: German 
IDENTIFIERS: clinker burning volatilization model 
DESCRIPTORS: 

Cement ... 
Simulation model ... of evapn. of volatile compds. in cement clinker burning 
Evaporation ... of volatile compds., in cement clinker buming, model for 

clinker, burning of, evapn. of volatile compds. in, model for 

P 
105231470 CA: 105(26)231470f JOURNAL 
Removal of alkalies and heavy metals from a preheater rower by a combined cement 

AUTHOR(S): Pisters, H.; Bach, W.; Focken, E. 
LOCATION: Beckum, Fed. Rep. Ger. 
JOURNAL: 2m.-Kalk-Gips, Ed. B DATE: 1986 VOLUME: 39 NUMBER: 10 
PAGES: 569-70 CODEN: ZKGBD9 ISSN: 0341-0560 LANGUAGE: German 
IDENTIFIERS: alkali accumulation kiln cycle, metal accumulation kiln cycle 
DESCRLPTORS : 

grinding-drying and bypass system 

Alkalies ... 

Metals,heavy,uses and miscellaneous ... 
Kilns,rotary. ,. 

accumulation of, in cement kiln cycles, decrease of 

accumulation of, in cement kiln cycles, prevention of, bypass system for 

bypass system for, for alkali and heavy metal accumulation prevention 

P 
105065281 CA: 105(8)652Sly JOURNAL 
Manufacture of cement clinker with its content of volatile components 

AUTHOR(S): Popescu, Constantin; Antonescu, Constanta 
LOCATION: Inst. Cercet. Project. Pentru Ind  Liantilor Azbocimentul., 

JOURNAL: Mater, Constr. (Bucharest) DATE: 1986 VOLUME: 16 NUMBER: 1 
PAGES: 31-7 CODEN: MCTIBU ISSN: 0253-0201 LANGUAGE: Romanian 
LDENTIFIERS: clinker cement kiln gas bypass 
DESCRLPTORS: 

controlled by gas bypass 

Bucurest, Rom. 

Cement.. . 

Kilns,cemenr ... 
clinker, volatiles control in manuf. of, by kiln gas bypass 

gas bypass in, for clinker volatiles content conaol 

P 
106142978 CA: 106( 18)142978f JOURNAL 
Volatility and circulation of fluorine and sulfur during calcining of fluorinated clinkm 
AUTHOR(S): Ptitsyn, V. V.; Pisareva, G, I.; Solov’eva, 0. I.; Tyukova, V.A. 
LOCATION: USSR 
JOURNAL: Tr. VNIl Tsement. Prom-sti DATE: 1985 NUMBER: 83 PAGES: 21-6 
CODEN: D3RAPP LANGUAGE: Russian CITATION: Ref. Zh., Khim. 1986, Abstr. 

IDENTIFIERS: sulfur fluorine volatilization clinker calcination 
No. 24M307 
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DESCRIPTORS : 
Cement ... clinkers, fluorinated, calcination of, volatilization of fluorine and sulfur in 
CAS REGISTRY NUMBERS: 7704-34-9 7782-41-4 

reactions, volatilization of, in calcination of fluorinated cement clink@ 

R 
01081050 Monthly No: Erg112097439 E.I. Yearly No: EI81012230 
ROLE OF VOLATILES IN CEMENT CLINKER BURNING AND KILN OPEECATION. 
Raina, S. J.; Viswanathan, V. N. 
Cem Res Inst of India, New Dclhi 
Source: Transactions of the Indian Ceramic Society v 39 n 1 Jan-Feb 1980 p 1-9 

Language: ENGLISH 
Journal Announcement: 81 12 
Generally, volatiles create cycles which ultimately lead to build-ups in prcheaters, rings in 

kilns in addition to causing occasional damage to ~fractory linings. Apart from reviewing 
the different aspects of the problem in detail, a case study has been xeporkd on the 
presence of excessive amounts of alkali in raw materials, the ring problem and 
suggested remedies. 12 refs. 

CODEN: TICSAP ISSN: 0371-75OX 

R 
9620442 1 CA: 96(24)20442 1 e JOURNAL 
Role of volatiles in cement clinker burning and kiln operation 
AUTHOR(S): Raina, S. J.; Viswanathan, V. N. 
LOCATION: Cem. Res. Inst. India, New Delhi, 110 049, India 
JOURNAL: Trans. Indian Ceram. Soc. DATE: 1980 VOLUME: 39 NUMBER 1 
PAGES: 1-9 CODEN: TICSAP ISSN: 0371-75OX LANGUAGE: English 
IDENTIFIERS: kiln ring formation prevention 
DESCRIPTORS : 

CAS REGISTRY NUMBERS: 
Kilns,cement, rot ary... 

1201 1-57-3 formation of rings of, in cement rotary kilns, prevention of 

ring formation in, causes and prevention of 

R 
91 1 1 1704 CA: 91 (14)1117Wf CONFERENCE PROCEEDING 
Problems of electrostatic dust precipitation from high alkali chluride 

AUTHOR(S): Ramesohl, H. 
LOCATION: Cologne, Fed. Rep. Ger. 
JOURNAL: Verfahrensrech. Zementherstellung, VDZ-Kongr. DATE: 1979 
PAGES: 560-3 CODEN: 40NSA5 LANGUAGE: English German MEETING DATE: 77 
PUBLISHER: Bauverlag GmbH,Wiesbaden, Ger 
IDENTIFIERS: review electrostatic dust ppm kiln, cement kiln dust pptn 

DESCRIPTORS : 

exit gases from gas bypasses of suspension preheater kilns 

review, chloride dust pptn kiln review 

Kilns,cement ... 
Alkalies ... Chlorides,occurrence ... 
relation to 
Frecipitation,electric ... 

electrostatic dust pptn. from, alkali chlorides in gas in relation to 
in cement kiln flue gases, dust electrostatic pptn. in 

of dust, from cement kiln flue gases, alkali chlorides in relation to 
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R 
01 102744 Monthly No: EI8203018491 E.I. Yearly No: EI82012534 

ABGASEN IN DER ZEMENTINDUSTRIE. 

New Methods of Evaporative Gas Cooling and Conditioning in the Cement Industry. 
NEUE WEGE DER VERDAMPFWNGSKUEHLUNG UND KONDlTIONIERUNG VON 

Raring, D. L. 
Source: Zemenr-Kak-Gips v 34 n 10 Oct 1981 p 491-498 

Language: GERMAN 
Journal Announcement: 8203 
The paper discusses an improved evaporative conditioning method and identifies cement 

plant problems where it may be most beneficial. The paper also presents some discussion 
regarding the relationship of conditioning towers on suspension preheatex exhaust gascs and 
electrostatic precipitator perfomance concluding that, in this special case, dust conditioning 
is more important than gas conditioning. 8 refs. In German with English abstract 

CODEN: ZMKGAL ISSN: 0044-3905 

R 
00715700 Monthly No: EI7805031633 E.I. Yearly No: EI78011011 
Operating Results of Modern Precalcining Plants. 
BETRJEBSERGEBNISSE MODERNER VORKALZINIERANLAGEN. 
Ritzmann, H. 
Source: Zement-Kalk-Gips v 30 n 12 Dec 1977 p 607-609 

Language: GERMAN 
Journal Announcement: 7805 
The principal operating results obtained with three precalcining plants are reported. Two 

of these operate with planetary coolers, one with a traveling-grate cooler. The plants were 
operated with 30-5096 fuel input into the preheater during the investigations. Effects on 
the clinker particle grading, the alkali and sulphur cycles, the CO content in the exit gas, the 
content of free CaO in the clinker, the preheater exit gas temperature and the degree of 
calcination of the raw meal at the kiln inlet are described. In German with English abstract. 

CODEN: ZMKGAL ISSN: 0044-3905 

R 
00246103 Monthly No: EI72X0505.47 
Effect of dust cycles on the heat consumption of kiln plants with raw meal preheaten. 
Der Einfluss von Staubhislaeufen auf den Waenneverbrauch von Drehofenanlagen 

mit Rohmehlvonvaermer. 
RITZMANN, H. 
Source: Zement-Kalk-Gips v 24 n 12 Dec 1971 p 576-80 

Language: GERMAN 
Journal Announcement: 72x0 
The relation between different values of dust precipitation efficiency in the preheater system 

and the fuel cansumption of the plant as a whole is calculated by using a computer program, 
whose construction is described, and on the basis of dust measurements and measurements of 
dust precipitation efficiencies in small- scale tests and in actual industrial installations. In 
German. 

CODEN: ZMKGA ISSN: 0044-3905 

R 
Ritzmann, H. “How to Keep Alkalies from Stealing Preheater Efficiency,” Rack Products, 
pp. 64-49, (February 1974). 
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R 
0024301 1 Monthly No: EI72X046821 
Cyclic phenomena in rotary kiln systems. 
Kreislaeufe in Drehofensystemen. 
RITZMANN, H. 
Source: Zement-Kalk-Gips v 24 n 8 Aug 1971 p 338-43 

Language: GERMAN 
Journal Announcement: 72x0 
In laboratory investigations the temperature dependence of the mct ion  between SO/D and 

cement raw meal was studied The adsorption line for the recirculating alkali, sulfur and 
chlorine compounds was determined from the results of measurements obtained from Lepol 
and Dopol kilns. The effect of accumulations of alkalies, chlorine and sulfw in cyclic 
behavior patterns upon the flow capacity is demonstrated with reference to model tests with 
moistened raw meal. The effect of increasing sulfur content in the fuel upon the fusion 
temperature and the quantity of adsorbed phase is calculated in a example. 7 refs. In 
German. 

CODEN: ZMKGA ISSN: 0044-3905 

R 
007 15703 Monthly No: EI7805031635 E.I. Yearly No: EI78011029 

High Alkali and Chloride Loads. 

CHLORIDBELASTUNGEN. 

Operating Results with the ZAB Preheater at the Eichsfelder Cement Plant at Deuna under 

BETRIEBSERGEBNISSE MIT DEM ZAB-VORWAERMER IM EICHSFELDER 
ZEMENTWERK DUENA UNTER DEN BEDINGUNG HOHER ALKALI- UND 

Roessner, P.; Feige, F.; Danowski, W.; Kieser, J. 
Source: Zement-Kalk-Gips v 30 n 12 Dec 1977 p 616-617 

Language: GERMAN 
Journal Announcement: 7805 
The quantitative concentration values, the cyclic behavior and the specific mechanism 

of preheaung raw meal with a highpropomonofvolatile constituents in this type of 
plant are discussed. 8 refs. In German with English abstract. 

CODEN: ZMKGAL ISSN: 0044-3905 

R 
00567753 Monthly No: EI7609058213 E.I. Yearly No: EI7-562 
Results Obtained with Supplementary Firing in the Preheater of a 10oO Vday Rotary Kiln. 
ERGEBNISSE MlT EINER ZUSATZWJERUNG IM WAERMETAUSCHER EINES 

Ruessemeyer, H. 
Source: Zement-Kalk-Gips v 29 n 5 May 1976 p 198-201 

Language: GERMAN 
Journal Announcement: 7609 
In a lo00 tpd Buehler-Mag preheater kiln plant a supplementaryoil-fueled booster 

firing system in the shaft operating as a counter-current stage was tested. A 
supplementary heat input rate of 30-38% was used, whereby a 65% degree of calcination 
was obtained. It was found that supplementary f i rng in some respects has a considerable 
effect on the cyclic processes of the volatile constituents. In Geman with English 
absmct. 

IOWT/D-DREHOFENS. 

CODEN : ZMKGAL IS S N 0044- 3905 
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S 
77024202 CA: 77(4)24202h JOURNAL 
Reduction of alkali and chlorine cycles in the suspension preheater kiln 
AUTHOR(S): Schlueter, H. 
LOCATION: Brunswick, Ger. 
JOURNAL: am.-Kalk-Gips DATE: 1972 VOLUME: 25 NUMBER: 1 PAGES: 20-2 
CODEN: ZMKGAL LANGUAGE: German 
IDENTIFIERS: cement kiln alkali cycle, clogging preheater cement H n  
DESCRIPTORS : 

cement, suspension preheater clogging by alkalies in Kilns ... 
Akalies ... volatility of, in cement kilns, suspension preheater clogghg in relation to 

S 
105101602 CA: 105(12)101602q JOURNAL 
Reduction of alkali buildups in suspension preheaten by the use of zirconium silicate-based 

linings 
AUTHOR(S): Schmidt, H, J.; I>riscoll, B. E. 
LOCATION: Montreal, PQ, Can., 
JOURNAL: Ern.-Kak-Gips, Ed, B DATE: 1986 VOLUME: 39 NUMBER: 7 
PAGES: 405-7 CODEN: ZKGBD9 ISSN: 0341-0560 LANGUAGE: German 
IDENTIFIERS: aluminum zirconium silicate refractory, lining cement kiln, alkali, preheatcr 

DESCRIPTORS: 
cement kiln lining, alkali resistance zircon refractory 

Kilns,cement ... alkali buildup in preheater for, refractory for control of 
Refractories ... 
aluminum zirconium silicate, in cement kiln preheaten, for alkali buildup control 

Linings,refrac tory.. . 
aluminum zirconium silicate, in cement kiln preheaters, for alkali buildup prevention 

Alkali-resistant materials ... 
CAS REGISTRY NUMBERS: 

14940-68-2 refractories, in cement kiln preheater linings, for alkali buildup prevention 

zircon linings, for cement kiln prehcater 

C J 

02166008 Monthly No: E18702012043 

IN PRECALCINZNG INSTALLATIONS. 
INHLBITOR EFFECT OF VAPORZED SALTS ON PULVERIZED COAL FIRING 

Schulz, W.; Kremer, H.; Rodenhauser, F. 
Source: Zement-Kalk-Gips, v 38 n 4 Apr 1986 p 107-108 

Language: ENGLISH 
Document Type: JA; (Journal Amcle) Treatment: A; (Applications); X; (Experimental) 
Journal Announcement: 8702 
The firing of solid fuels in precalciner installations for cement clinker production has 

greatly increased in recent years. Experience with such installations, especially those 
operating with high alkali cycles, has revealed a distinctly retarded burnout of the coal. The 
inhibiting action of alkali metal salts in pulverized fwm due to heterogeneous gas-solids 
effects in flames has already long been known. On the other hand, with the long sojourn 
times of the coal at a relatively high temperature level in the precalciner homogeneous 
gaseous effects must acquire greater influence because the allCali metal salts which have 
vaporized in the rotary kiln are partly still present in vapor form. The influence of salt 
vapors on the combustion of pulverized coal was the object of experimental research. 

CODEN: ZKGBD9 ISSN: 0722-4400 

- 
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S 
01 544330 Monthly No: E18407062739 E.I. Yearly No: EI84015463 

KILN FUEL: RICE HULLS, WASTE OIL. 
Segal, Robert 
Genstar Cement & Lime Co, Redding, Calif, USA 
Source: Rock Products v 87 n 4 Apr 1984 p 42-43 

Language: ENGLISH 
Journal Aiinouncement: 8407 
A northern California cement and lime plant burns rice hulls and wood chips as 

CODEN: ROPRAS ISSN: 0035-7464 

supplementary fuel, with wastes supplying up to 50 percent of Btu requirement. Problems 
resulting from the use of these waste fuels included the formation of ash rings in the burning 
zone and buildup problems in the precalciner. Measures taken to alleviate these problems are 
described. 

Fuels; BIOMASS--Applications 
Descriptors: *CEMENT PLANTS--*Kilns; KILNS-Fuels; FLTELS-Refuse Derived 

S 
0083508 EIM8302-010189 

ALKALIS LN CLINKER: ORIGIN, CHEMISTRY, EFFECTS. 
Skdrty, J.; Klemm. W. A. 
Martin Marietta Corp, Baltimore, Md, USA 
Conference Title: Defects and Crack Initiation in Environment-Sensitive Fracture 
Conference Location: Newcastle upon Tyne, Engl Conference Date: 1981 Jan 12-14 
Sponsor: Met SOC, Mater Eng Comm, London, Engl; Darling and Hodgson Ind 

Source: Pub1 by CSIR, Natl Build Res Inst, Pretoria, S. A. fr p s252/1, 10 1981 
E.I. Conference No.: 01530 
Language: English 
Descriptors: 'CEMENT--*Manufacture 
Identifiers: ALKALI-RAW FEED INTERACTIONS; EFFECT ON PROCESSING 

Holdings Lrd; ICE, London, Engl; Murray and Roberts Ltd; 13; etal 

PARAMETERS; C L m R  CI-IEMISTRY: CHEMISTRY AND MINERALOGY OF 
ALKALI COMPOUNDS lN CLINKER; BEHAVIOR OF ALKALI COMPOUNDS IN 
STRUCTljRAL CONCRETE; COMPOSITION; SOLUBILITU', CHANGES IN 
PYROPROCESSING TECHNOLOGY; USE OF COAL AS PRIMARY FUEL, A L W I  
PRESENT IN FORM OF SULPHATES 

S 
01785403 Monthly No: EI8508063816 E.I. Yearly No: EI85013915 

BRENNEN VON ZEMENTKLINKER. 

Reactions of Poorly Volatile Trace Elements in Cement Clinker Burning. 
REAKTIONEN SCHWER VERDAMPFEIARER SPURENELEMENTE BEIM 

Sprung, S.; Kirchner, C.; Rechenberg, W. 
Forschungsinsv !t der Zementindustrie, Duesseldorf, West Ger 
Source: Zemen, d k - G i p s ,  v 37 n 10 Oct 1984 p 513-518 

Lmguage: GERMAN 
Document Type: JA; (Journal Article) Treatment: G; (General Review); X; (Experimental) 
Journal Announcement: 8508 

CODEN: ZKGBD9 XSSN: 0722-4400 
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With the aid of balance and emission measurements the behavior of the mcc elements 
As, Be, Cr, Ni and V during the cement burning process were investigated. It was found that 
these elements, like the chief elements Ca, Si, Al, Fe and Mg, are non-volatile or poorly 
volatile and are therefore incorporated for the greater part in the clinker and dust of the 
external cycle. Emission is slight, amounting to not mare than 0.05 per cent of the internal 
balance total. 21 refs. h German. 

S 
102066676 CA: 102(8)66676f JOURNAL 
Reactions of poorly volatile mice elements in cement clinker burning 
AUTHOR@): Sprung, S.; Kirchner, G.; Rechenberg, W. 
LOCATION: Forschungsinst., Zernentind., Duesseldorf, Fed. Rep. Ger. 
JOURNAL: 2m.-Kalk-Gips, Ed. B DATE: 1984 VOLUME: 37 NUMBER: 10 
PAGES: 5 13- 18 CODEN: ZKGBD9 ISSN: 0341 -0560 LANGUAGE: Geman 
IDENTIFIERS: trace element pollution cement manuf 
DESCRIPTORS: 

by trace elements, from cement clinker burning Air pollution ... 
Trace elements ... 
Cement ... 

reactions of, in cement clinker burning, air pollution in relation to 
trace element air pollution by manuf. of 

CAS REGISTRY NUMBERS: 
7439-92- 1 7440-02-0 7440-38-2 7440-4 1-7 7440-47-3 7440-62-2 7440-66-6 

reactions, reactions of, in cement clinker burning, air pollution in relation to 

S 
01277084 Monthly No: EIM8302-010190 
ALKALI REDUCTION IN CEMENT KILNS. 
Svendsen, Jorgen 
F, L. Srnidrh & Co, Valby, Den 
Conference Title: Defects and Crack lniaation in Environment-Sensitive Fracture 
Conference Location: Newcastle upon Tyne, Engl Conference Date: 1981 Jan 12-14 
Sponsor: Met SOC, Mater Eng Comm, London, Engl; Darling and Hodgson Ind 

E.I. Conference No.: 01530 
Source: 2 S25212, 1 Ip 
Language: English 
Document Type: PA; (Conference Paper) 
Journal Announcement: 8302 
Descriptors: *CEmNT--*Manufacture 
Identifiers: VOLATILE COMPOUNDS; POTASSIUM; S O D W ,  S W m  

Holdings Ltd  ICE, London, Engl; Murray and Roberts Ltd; 13; etal 

CHLORIDE; EVAPORATION AND CONDENSATION; TEMPERATURE CHANGES 
LN KILNS; MATHEMATICAL MODELS; VARIOUS KILN DESIGNS; ALKALI 

REACTION 
REDUCTION IN CLINKER; REDUCTION OF RISK OF ALKALI-AGGREGATE 

T 
91215629 CA: 91(26)215629b JOURNAL 
Volatility of chlorides and fluorides during clinker production 
AUTHOR(S): Timasheva, V, V.; Bol'shov, V. V.; Sofinski, P. I.; Nikol'skii, E. A. 
LOCATION: USSR 
JOURNAL: Tr. - Mosk. Khirn.-Tekhnol. Inst. im. D. I. Mendeleeva DATE: 

4 
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a 

1978 VOLUME: 100, PAGES: 39-42 CODEN: TMKIAT ISSN: 0371-9723 
LANGUAGE: Russian 
IDENTIFIERS: halogen volatilization cement firing 
DESCRIPTORS : 

Cement,ponland.. clinkers, halogen volatilization in f i n g  of 
Halogens ... volatilization of, in cement clinker firing 

CAS REGISTRY NUMBERS: 
7784- 18- 1 formation of, in cement clinker firing 
7446-70-OP 7789-75-5P 10043-52-4P preparation, formation of, in cement clinker firing 

T 
86077662 CA: 86( 12)77662a JOURNAL 
Volatility of alkali materials from raw materials and mixtures for Portland cement clinkers 
AUTHOR(S): Teoreanu, Ion; Puri, Annemari, Georgescu, Maria 
LOCATION: Inst. Politeh. Bucuresti, Bucharest, Rom. 
JOURNAL: Mater. Constr. (Bucharest) DATE: 1975 VOLUME: 5 NUMBER 2 

IDENTIFIERS: clinker cement alkali volatility 
DESCRIPTORS: 

Cement,.. clmkers, alkali volatility in 
Sulfates,properties ... 
Alkalies ... 

PAGES: 55-7 CODEN: MCT’IBU LANGUAGE: R~manian 

volatility of alkalies in cement clinkers in relation to 
volatility of, in cement clinkers 

T 
00535547 Monthly No: EI7605029339 E.I. Yearly No: EI76009447 

Cycle of Volatile Substances in Rotary Kilns for Partland Cement Clinker. 

Teoreanu, I.; Puri, A. 
Source: Zement-Kalk-Gips v 28 n 9 Sep 1975 p 377-379 

Language: GERMAN 
Journal Announcement: 7605 
Using four relatively easy determinable quantities, the authorestablishes four cyclic 

factors for the volatile substances in the kiln system and shows how the accumulation of 
such substances can be continuously tracked and localized. The importance of the various 
process engineering factors with regard to the cyclic phenomena is pointed out. 4 refs. In 
German with English abstract. 
Descriptors: *CEMENT-- * Manufacture; CEMENT PLANTS-Kilns; KILNS--Rotary 
Identifiers: VOLATILE SUBSTANCES; PORTLAND CEMENT CLINKER 

KREISLAUF FLUECHTIGER STOFFE IN ZEMENT-DREHOEFEN. 

CODEN: ZMKGAL ISSN: 0044-3905 

T 
84064549 CA: 84( 10)@549c JOURNAL 
Cycle of volatile substances in rotary kilns for ponland cement clinker 
AUTHOR($): Teoreanu, I.; Puri, A. 
LOCATION: Bucharest, Rom, 
JOURNAL: am.-Kalk-Gips DATE: 1975 VOLUME: 28 NUMBER: 9 PAGES: 377-9 
CODEN: ZMKGAL LANGUAGE: German 
IDENTIFIERS: cement kiln volatile substance, sodium oxide cement kiln, 

potassium oxide cement kiln, sulfur trioxide cement kiln, chloride cement kiln 
DESCRIPTORS: 

Kilns ... cement rotary, volatile substance accumulation monitoring in 
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CAS REGISTRY NUMBERS: 
1313-59-3 12136-45-7 16887-00-6 accumulation of, in cement rotary kilns, monitoring of 
7446- 1 1-9 uses and miscellaneous, accumulation of, in cement rotary kilns, monitoring of 

U 
Unland, G. 'J*, "Reheater Plugs Can Be Avoided," Rock Products, 88(2), pp. 32A-32E 
(February 1985). 

V 
00596373 Monthly No: EI7701000204 E.I. Yearly No: E177002332 

INTERNATIONAL CONFERENCE ON AIR POLLUTION. 
Various authors 
Dep van Gesondheid van S Afi 
Source: Int Conf on Air Pollut, Univ of Pretoria, S Afr, Apr 26-29 1976 

Language: ENGLISH 
Journal Announcement: 7701 
Fifty-three papers by various authors are presented. The topics discussed are: air pollution 

Sponsored by Dep van Gesondheid van S Afr (S. 121), 1976 var pagings 

control in sugar industry, minimum emission in coal burning, radioactive release, 
supercharging of small Diesel engines, ore dust, land reclamation and photogrammetry, 
catalytic incineration, metals 
contamination, future energy resources, mine dumps, copper ore treatment, arc welding, 
pollutants dispersion modeling, corrosion, asbestos cement, gas cleaning, iron and steel 
indusuy, cement kilns, process industries, cement plants, hydrogen sulfide removal, 
desulfurization, decomposition of 
chemicals, atmospheric ventilation, damp kilns, remote sensing, volatile substances, 
smokeless boiler-incinerators, automotive emissions, smoke control, submerged arc 
furnace fumes, stainless steel in emission control, legislation, carbon dioxide, bag filters, 
Diesel smokes, climatology, town planning and air pollution, dilution predtction, mercury 
concentration, and trace elements in the atmosphere, Selected papers are indexed separately. 

v 
105010941 CA: 105(2)10941h JOURNAL 
Evaporation of alkalies in calcination of portland cement clinker. (Part I) 
AUTHOR(S): Vogel, Erich 
LOCATION: VEB Zementwerke, Bernburg, Ger. Dem. Rep. 
JOURNAL: Baustoffindusttie DATE: 1985 VOLUME: 28 NUMBER 6 PAGES: 

IDENTIFIERS: alkali evapn cement calcination 
DESCRIPTORS: 

Cement ... 
raw meal, potassium oxide volatility in, heating and sulfate effect on 

CAS REGISTRY NUMBERS: 
13814-70-5 102726- 13-6 formation of, in cement raw meal, alkali evapn. in 

relation to 
1312-76-1 4195-60-2 11 137-59-0 1021 15-99-1 102726-27-2 formation of, 

in cement raw meal, potassium oxide volatility in relation to 
584-08-7 in cement raw meal, potassium evapn. in relation to 
12136-45-7 properties, evapn. of, in cement raw meal, heating and sulfate 

7446- 1 1-9 uses and miscellaneous, in cement raw meal, alkali evapn. in 

165-8 CODEN: BAUIAZ ISSN: 0005-6812 LANGUAGE: German 

effect on 

L 

1 
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c 

F 

relation to 

potassium evapn. in relation to 
7778-80-5 13397-24-5 uses and miscellaneous, in cement raw meal, 

V 
Von Seebach, Michael, "Comparison of Bypass Effectiveness Between Pyroprcxessing 
Systems with and without hcalciners," Proceedings of the 19th International Cement 
Seminar, Rock Products (December 1983). 

W 
Weber, P., "Heat Transfer in Rotary Kilns with Due Regard to Cyclic Processes and Phase 
Formation,'' Zement-Kalk-Gips, (English Version) Special Issue No. 9, (1963) 

W 
103075365 CA: 103(10)75365b JOURNAL 
Mathematical model of volatile component circulation in a rotary kiln 
AUTHOR(S): Werynska, Anna 
LOCATION: Inst. Przem. Wiazacych Mater. Budow., Opole, Pol. 
JOURNAL: Cem.-WapneGips DATE: 1984 NUMBER: 11-12 PAGES: 351-7 
CODEN: CMWGAW ISSN: 03667200 LANGUAGE: Polish 
IDENTIFIERS: cement manuf volatile component model, balance volatile 

DESCRIPTORS: 
component cement model 

Cement ... 

Rocess sirnulation,physicochemic al... 

Coal treatment ... 

relation to 

manuf. of, volatile components circulastion in, model for 

of volatile components circulation, in cement clinker manuf. 

wastes from, in cement clinker manuf., volatile components circulation in rotary furnace in 

W 
01272852 Monthly No: EIM8301-005946 
ESTIMATING VOLATILE COMPOUNDS IN PRECALCINER KILNS. 
Wilson, Joe 
Bendy Eng Co, Emh City, Mo, USA 
Conference Title: 23rd IEEE Cement Industry Technical Conference. 
Conference Location: Lancaster, Pa, USA Conference Date: 1981 May 1@14 
Sponsor: IEEE Ind Appl Soc, New York, NY, USA 
E.I. Conference No.: 01342 
Source: IEEE Cement Industry Technical Conference (Paper) 23rd. Pub1 by 

CODEN: IClPDM 
Language: English 
Journal Announcement: 8301 
Identifiers: VOLATILE COMPOUNDS; DRYING; WASTE HEAT UTILIZATION 

IEEE, New York, NY, USA. Available from IEEE Sew Cent (Cat n 81CH1651-9), 
Piscataway, NJ, USA 13p 

PRECALCINER KILN SYSTEMS; COMBUSTION PROCESS; CALCULATION 
METHODS; CYCLIC PHENOMENA 
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W 
02083758 Monthly No: EM8604021334 

CEMENT. 
EFFECT OF THE BURNTNG PROCESS ON THE PRODUCfTON OF LOW ALKALI 

Wolter, Albrecht; Hansen, Eric R, 
KHD Humboldt Wedag, West Ger 
Conference Title: Twenty-Seventh IEEE Cement Industry Technical Conference. 
Conference Location: New OrIeans, LA, USA Conference Date: 1985 May 20-23 
Sponsor: IEEE Industry Applications Soc, Cement Industry Committee, New Yak NY, 

E.I. Conference No.: 07744 
Source: IEEE Cement Industry Technical Conference (Paper) 27th. Pub1 by 

IEEE, New York, NY, USA Available from IEEE Service Cent (Cat n 
85CH2169-1), Piscataway, NJ, USA 19p 

USA. 

CODEN: ICIPDM ISSN: 0731-4906 
Language: English 
Journal Announcement: 8604 
The problem of alkali vaporization in precalciner kilns is discussed on the basis of tests 

carried out at Ash Grove Cement in Louisville, Nebraska. In this new production line, it 
was found that low-alkali cement could be produced in a preheatdpmdciner plant with 
tertiary air duct and bypass takeoff without changing the raw materials. To do this, four 
conditions must be met. These are: (1) the fuel ratio between kiln and precalcina must be 
quite flexible; (2) the sintering zone must be designed to take high thermal loads, (3) the 
retention time within the sintering zone must be as long as possible; and (4) in order to avoid 
dust circulation, i. e. , to keep the bypass dust quantity low, the gas velocity through the 
kiln must be kept low. 4 refs. 
Identifiers: LOW-ALKALI CEMENT, ALKALI VAPORIZATION; P R E W I N E R  

KILNS; KILNPRECALCINER FUEL RATIO 

Y 
82144241 CA: 82(22)144241v JOURNAL 
Kinetics of the valatilizauon of alkalies during heating in relation to 

AUTHOR(S): Yanev, I. P.; Butt, Yu. M.; Timashev, V. V. 
LOCATION: USSR 
JOURNAL: Tr. Mosk. Khim.-Tekhnol. Inst. DATE: 1973 VOLUME: 76, PAGES: 

125-7 CODEN: TMKIAT LANGUAGE: Russian 
IDENTIFIERS: alkali clinker cement volatilization, density briquet alkali 

oxide clinker, sodum oxide clinker cement, potassium oxide clinker cement 
DESCRIPTORS: 

Cement ... clinkers of portland, kinetics of alkali evapn. in relation to briquet d. for 
Briquets,,. for cement clinkering, kinetics of alkali evapn. in relation to d. in 
Alkalies ... in cement clinkering briquets, kinetics of evapn. in relation to d. of 
Kinetics,reaction ... of evapn., of alkalies, d. of cement clinkering briquets in relation to 

1313-59-3 12136-45-7 in cement clinkering briquets, kinetics of evapn. in relation to d of 

the density of raw-material briquets 

CAS REGISTRY NUMBERS: 
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KILN EXIT BUILD-UPS: 
STUDY OF ALKALI AND SULFUR VOLATILIZATION 

by 
Presbury B. West* 

ABSTRACT 

This report contains a bibliography of articles on cement kiln processes that affect the formation 
of kiln exit build-ups. Articles are included on the following topics: air blasters, by-pass 
systems, alkali, chlorine, and sulfur cycles, dust cycles, mathematical models of cyclic 
processes, and volatility of alkalies, chlorine, and sulfur. The citations came from a computer 
literature search and are supplemented with other references found in the PCA library. Many 
of the citations include either an abstract or a list of keywards. 

Experimental work is reparted on volatility of alkalies and sulfur from kiln feeds and 4th stage 

materials. Alkalies and sulfur are key components of kiln gases which react to form build-ups. 
Samples from three preheater and three precalciner kilns were studied. Volatility of alkalies 
and sulfur is usually less for 4th stage materials than for kiln feeds. Fourth stage materials 
from precalciners generally have lower alkali and sulfur volatility than similar materials from 
preheater kilns. It is concluded that increases of the sulfur to alkali molar ratio may cause the 
observed decreases in volatility. Potassium is more volatile than sodium for both kiln feeds 
and 4th stage materials. Addition of sulfates, changing the molar ratio of S@ to Na20 alkali 
equivalent to near 1.0, decreases volatility of both sulfur and alkalies. 

Thermal gravimetric experiments using kiln feeds indicated calcination was not affected by the 
presence of 5% coal. Another series of experiments investigated the effect of oxygen on 
calcination; results were inconclusive. Future work is suggested on the effect of reducing 
conditions on volatilization and testing models of cyclic phenomena in cement kilns. 

Keywords: alkali bypass, alkali cycles, alkali volatility, cement manufacturing, kiln exit 
build-ups, portland cement, precalciners, preheaters, sulfur cycles, sulfur volatility. 

Senior Scientist, Construction Technology Laboratories, Inc. (a) 
5420 Old Orchard Road, Skokie, IL 60077 
(phone 708-965-7500 x23 1, fax 708-965-6541 ) 
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APPENDIX 

RAW DATA 

PART I 
Data from Samples as Received 



CONSTRUCTION TECHNOLOGY L A B O R A T O R I E S  X N C  

5 4 2 0  OLD ORCHARD ROAD, SKOKIE, IL 6 0 0 7 7 - 1 0 3 0  Phone: ( 3 1 2 )  9 6 5 - 7 5 0  
T e l e x :  4i02401569 CTL.SK0 T e l e f a x :  (312) 965-6541 Easy!ink: 6220017 

CTL PROJECT N o . :  400808 
CLIENT: MPC 
SAMPLES SUBMITTED BY: P B  WEST 

Client's P f o . :  
CTL's N o .  : 

ANALYTE 

Si02 
A 1 2 0 3  
F e 2 D 3  
C a O  

503 
Na 20 
KZO 
Ti 0 2  
P209 
MnZ03 
SrO 
L . 0 .  I .  

Mg 0 

---------- 
TOTAL 

C P  a s  C; iC33  

KLN FD KLN FD KFD/KBCH.DU KFDIASH CRO 4TH ST ASHC 
PDM S 3 7  PDM 543 FDM 547 PDN 088 PDN 0 8 9  

1 3 . 5 2  
2 . 4 9  
1 . 7 7  

4 2 . 6 2  
1 . 7 9  
.24 
.08 
. s 5  
. 1 2  
. o t  
.03 
.03 

3 6 . 0 3  

0 9 . 2 8  

76 .06 

13.74 
2 . 52 
2 .  36 

40.94 
3 . 0 6  
.26 
. :o 
. 6 5  
. l l  
.04 
. 0 9  
. o o  

3 5 . 9 1 1  
----I 

9 9 . 7 4  

73.08 

1 3 . 9 5  
2 . 4 7  
2 . 5 3  

4 1 .  70 
3 . 1 1  

. 0 8  

. 0 3  

. 3 3  

. 0 9  

. o o  

. 0 6  

.01 
3 5 . 4 1  

9 ? .  8 2  
----- 

7 4 . 4 3  

1 6 . 3 7  
3 . 0 3  
1.96 

39.68 
2.76 
.30 
. l l  
. 73 
. 1 4  
. 0 2  
. 0 4  
. 0 5  

34.44 

9 9 . 0 5  
----- 

7 0 . 8 2  

23.11 
4. 28 
2 . 7 7  

56.51 
3 . 9 7  
1 .  6 7  

. 16 
1 . 8 5  

. 2 0  

.04 

. 0 6  

5 . 3 7  

1 0 0 . 0 5  

. a: 

----I 

100.85 

NOTES: 1 .  T h i s  a n a l y s i s  represeilts specifically the s a r n p I e ( s )  i d e n t i f i e d  a b o v e .  
2 .  Eamples w e r e  p r e p a r e d  b y  511 fusion at 1000 C w i t h  Li2B407 

3 .  OripinaI d a t a  s t o r e d  o n  d i s k e t t e  'FDS2' in file 'XF012489.AQZ'. 
4 .  G e o I o g i r - a 1  materials are dried at 110 C before analysis. A 1 1  

a n d  a n a l y z e d  b y  X - r a y  ffuoreicence spectrometry. 

cthel: materials are r e p o r t e d  a n  'as-received' b a s i s ,  ezcept as n o - t e d .  

A- 1 



CTL 
5420 Old orehard Road, Skokie, Illinois 60077-1030 
Phone: 7081965-7500 Fax: 7081965-6541 

XRF DATA CORRECTION FROM AS IS TO IGNITED BASIS 
KEB PROJECT, 1989 Proj # 400808, XRF Dated 01/26/89 

XRF "as is" Data reported in the Chemical Analysis Report 

PDM 537 PDM 543 PDM 547 PDN 088 PDN 089 
Kiln Feed Kiln Feed Kiln Feed Kiln Feed4th Stage Mat'l 

sio2 
A1203 
Fe203 
m 
w 
so3 
Na20 
m 
Ti02 
P205 

Mn203 
SrO 
LO1 

TOTAL 

Si02 
A1203 
Fe203 
w 
w 
so3 
NaXl 
K20 
Ti02 
P205 

MIX203 
S O  

TOTAL 

13.52 
2.49 
1.77 

42.62 
1.79 
0.24 
0.08 
0.55 
0.1 2 
0.01 
0.03 
0.03 

36.03 
99.28 

13.74 
2.52 
2.36 

40.94 
3.06 
0.26 
0.1 0 
0.65 
0.1 1 
0.04 
0.05 
0.00 

35.90 
99.73 

13.95 
2.47 
2.53 

41.70 
3.1 1 
0.08 
0.03 
0.33 
0.09 
0.00 
0.06 
0.0 1 

35.47 
99.83 

16.37 
3.03 
1.96 

39.68 
2.76 
0.30 
0.1 1 
0.73 
0.1 4 
0.02 
0.04 
0.05 

34.64 
99.85 

23.1 1 
4.28 
2,77 

56.5 1 
3.97 
1.67 
0.1 6 
1.85 
0.20 
0.04 
0.06 
0.07 
5.37 

100.05 

XRF Data corrected to an Ignited basis 

PDM 537 PDM 543 PDM 547 PDN 088 PDN 089 
Kiln Feed Kiln Feed Kiln Feed Kiln Feed4th Stage Mat'l 

21.13 
3.89 
2.77 

66.62 
2.80 
0.38 
0.1 3 
0.86 
0.1 9 
0.02 
0.05 
0.05 

98.87 

21.44 
3.93 
3.68 

63.87 
4.77 
0.41 
0.1 6 
1.01 
0.1 7 
0.06 
0.08 
0.00 

99.58 

21.62 
3.83 
3.92 

64.62 
4.82 
0.1 2 
0.05 
0.5 1 
0.1 4 
0.00 
0.09 
0.02 

99.74 

25.05 
4.64 
3.00 

60.72 
4.23 
0.46 
0.1 7 
1.12 
0.21 
0.03 
0.06 
0.08 

99.77 

24.42 
4.52 
2.93 

59.71 
4.20 
1.76 
0.1 7 
1.95 
0.21 
0.04 
0.06 
0.07 

100.05 

Alkali as Na20 0.69 0.82 0.38 0.90 1.46 
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CONSTRU C T ~ O N  TECHNOLOGY L A B O R A T O R I E S  I N C  
5420 OLD ORCHARD ROAD, SKOKSE, IL 40077-1030 P h o n e :  ( 3 1 2 )  965-750 
T e l e x :  9 1 0 2 4 0 1 5 6 9  C T L . S K 0  T e I e f a x :  ( 3 1 2 )  365-6541 E a s ylink: 6 2 2 0 0 1 7  

PROJECT N o . :  C R 6 3 2 4  
CLIENT: M.P.COMM.OF CTC 
SAMPLES SUBMITTED B Y :  P.WEST 

Client's N o . :  KILN F E E R  F K I L N  F E E D  F KILN F E E D  F KILN F E E D  F KILN F E E D  F 
CTL ' 5  N o .  : PDM-538 PDM-536 PDM- 5 4 0 PDM-5 4 5 PDM-550 

ANALYTE 

SiQZ 
A 1 2 0 3  
F e 2 0 3  
C a Q  

SO3 
N a Z O  
K 2 0  
Ti 0 2  
P Z O S  
Mn203 
S r O  
L . Q . I .  

M.Ig 0 

T O T A L  

20.67 
4.23 
2 . 7 2  

6 4 . 2 7  
3 . 7 3  
1 . 2 3  

. 1 7  
1.17 

. 2 3  

. 1 4  

. 7 4  

. 0 5  

. o o  

9 9 . 3 7  
----I 

2 1 . 7 4  
3 . 8 5  
2 . 8 9  

6 4 . 5 9  
2 * 5 4  

. 3 9  
- 15 
.7? 
. 2 5  
. 0 5  
. 0 6  
.07 
. o o  

9 9 . 3 8  
----- 

2 2 . 0 7  
3 .  P 3  
2 . 8 4  

67.68 
1 . 4 2  
. O l  
. 2 1  
. 5 4  
. 2 5  
12 

. 0 5  

. 0 4  

. o o  

9 9 . 1 6  

----- 

2 1 . 1 2  
3 . 7 8  
3 . 7 5  

6 3 . 7 9  
4 . 9 9  

. 4 3  

. 2 0  
. ? O  
. 2 2  
. 0 8  
. 0 8  
. 0 2  
. o o  

9 9 . 3 5  
----- 

2 2 . 0 8  
3 . 8 2  
3 . 9 6  

6 4 . 3 1  
4 . 5 0  
. Q O  
. 0 2  
. 4 0  
. % O  
03 

. l O  

. (34 

. o o  

9 9 . 4 7  
...---- 

ToiiI Alkalirs as Hat0 . 9 5  . 4 7  * 5 7  . 7 9  . 2 9  

f r e t  CaO 

CALCULATER COMPOUNDS ( p e r  ASTM C 1 5 0 - 8 5 a )  

C3S 46 73 
C 2 S  10 7 
C3h 8 6 
C4 A F  8 9 
s c ( C 4AF +C2F 1 0 0 

75 6 5  4 1  
7 1 1  17 
7 4 4 
9 12 12 
0 0 0 

NOTES. 1 .  This a n a l y s i s  represents s p t c i f i c a I I y  the s a m p I e i s )  i d e n t i f i e d  a b o v e .  
2 .  S a m p l e s  f o r  o x i d e  a n i l y s j i s  w e r e  fused at 1000 C w i t h  L i Z B 4 0 7 .  
3 .  OripinaI data stored on di5kette ' F ' D 2 1 '  in file ' X F 0 8 1 5 8 8 . A O 3 ' .  
4 .  X - R a y  F f u o r e s c e n c r  3 x i d e  a n a l y s i s  m e e t s  the p r e c i s i o n  and a c c u r a c y  

requirements f a r  r a p i d  methods per A S T M  C 114-85. Most recent 
re-qualification d a t e  is 3 F e b r u z r y  1988. 

compcunds are c a l c u l a t e d .  
5 .  V a I u e s  f o r  T i 0 2  and P 2 0 5  a r e  added to A 1 2 0 3  when the cement 
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C Q N S T R U C T I Q N  T E C H N O L O G Y  L A B a R R A T O R I E S  X N C  
5 4 2 0  OLD O R C H A R D  ROAD, SKOKIE, IL 40077-1030 P h o n e :  ( 3 1 2 )  9 6 5 - 7 5 0 '  
T e l e x :  9102401369 CTL.SKQ T e l e f r x :  ( 3 1 2 )  965-6541 Easylfnk' 6 2 2 0 0 1 7  

PROJECT No.: CR6324 
CLIENT: M.P.COMM.QF CTC 
SAMPLES SUBMITTED BY: P.WEST 

D A T E  A N A L Y Z E D :  0 0 1  5 1 8 '  
A N A L Y S T : - b ?  
C H E C K E D  B Y :  

CHEMICAL ANALYSIS 
.----------1------1----------- 

( a l l  v a l u e s  a r e  w e i g h t  p e r c e n t )  

Client's N o . :  KILN FEED F KILN FEED F KILN FEED F KILN FEED F KILN F E E D  F 
CTL's No. : PDM-533 PDM-S 3 6 PDM-540 PDM- 5 4 5 PDM-550 

A N  A L Y T E 

S i Q 2  
A 2 2 0 3  
E e Z 0 3  
C a O  

S O 3  
Na 2 0  
K Z O  
Ti 0 2  

M g Q  

P 2 0 5  
En203 
S ~ O  
L . O .  I .  

13.29 
2 .  7 2  
1 . 7 5  

41 .31 
2 . 4 0  
.79 
. 1 1  
. 7 5  
. 1 4  
. O ?  
.49 
. 0 3  

3 5 . 7 3  

9 9 .  6 0  
----- 

13.93 
2 . 4 7  
1 . 8 5  

4 2 . 6 8  
1.63 

* 2 5  
< 0 9  
. 5 1  
. 1 6  
. 0 3  
.04 
. 0 5  

3s. 9 1  

9 9 . 6 0  

----- 

1 4 . 2 5  
2 . 5 4  
1 . 8 3  

43.70 
. 9 2  
. o o  
. 1 4  
. J 5  
.16 
. 08 
.03 
. 0 2  

3 5 . 4 4  

9 9 . 4 6  

- - - - A  

1 3 . 5 0  
2 . 4 2  
2 . 4 0  

4 0 . 7 7  
3 . 1 9  

. 2 7  

. 1 3  

. 5 8  

. 1 4  

. 0 5  

. 0 9  

. 0 1  
3 6 . 0 8  

9 9 . 5 9  

I---- 

1 4 . 2 4  
2 . 4 7  
2 . 5 6  

41.47 
2 . 9 0  
. o o  
. 0 1  
. 2 &  
. 1 3  
. 0 2  
.07 
. 0 3  

3 5 . 5 1  

9 9 . 6 6  
----- 

Tokal Alkalies as NaZO .61 .43 . 3 7  - 5 1  . 18 

Iarolublr Residue 

free  CaO 

CALCULATED COMPOUNDS ( p e r  ASTM C 1 5 0 - 8 5 a )  

c3s  42 
C 2 5  6 
C 3 A  5 
C4 A F  5 
ss(C4AF+C2F) 0 

4 6  
5 
4 
6 
0 

49 
4 
4 
5 
0 

4 2  
7 
3 
7 
0 

40 
1 1  
2 
8 
0 

NOTES. 1 .  T h i s  analysis r e p r e s e n t s  s p e c i f i c a r l y  the sampie(s) identified a b o v e .  
2 .  Samples for o x i d e  a n a l y s i s  w e r e  fused at 1000 C w i t h  L i 2 B 4 0 7 .  
3 .  O r i g i n a l  d a t a  s t o r e d  on d i s k e t t e  ' F D Z 1 '  in f i l e  ' X F 0 8 1 5 8 8 . A O 3 ' .  
4 .  X-Ray F l u o r e s c e n c e  o x i d e  a n a l y s i s  m e e t 5  the precision and a c c u r a c y  

r e q u i r e m e nts f c r  r a p i d  methods per ASTM C 1 1 4 - 8 5 .  M o s t  recent 
re-qu a l i f i c a t i o n  d a t e  is 3 F e b r u a r y  1 9 8 8 .  

c a m p o u n d s  are c a I c u l a t e d .  
5 .  Values € o r  Ti02 and P Z Q 5  a r e  a d d e d  to A 1 2 0 3  w h e n  t h e  c e m e n t  
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C O N S T R U C T I O N  T E C H N O L O G Y  L A B O R A T O R I E S  I N C  
P h o n e :  ( 3 1 2 )  9 6 5 - 7 5 0 :  

T e ! e x .  9102401569 C T L . S K 0  T e l e f a x :  ( 3 1 % )  965-6541 Easylink: 6 2 2 0 0 1 7 '  

5420 OLD ORCHARD ROAD, SKOKIE, IL 60077-3030 

PROJECT N o . :  CR6324 
CLIENT: MPC OF CTC 
SAMPLES SUBMITTED B Y :  P.WEST 

DATE ANALYZED: 0 8 / 1 8 / 0 ;  

Client's No.: CALCINED KI CALCINED Kf CALCINED K I  CALCINED KI C A L C I N E D  KI 
CTL's No.: PDM-534 PDM- '5 3 8 PDM-541 PDM- 5 4 4 PDM- 5 4 8 

ANALYTE 

SiQ2 
A l Z Q 3  
F e z 0 3  
CaO 
MgO 
503 
N3 2 Q  
KZO 
Ti02 
P 2 0 5  
Mn2Q3 
SrO 
L . O . I .  

TQTAL 

- f  A -  . @ 1  
4 . 2 4  
2 . 7 9  

4 2 . 8 4  
3 . 7 6  
2 . 1 4  
. 1 9  

1 . 4 8  
. 2 2  
. 1 3  
. 7 5  
. o s  
. O O  

9 9 . 6 2  
* - - - -  

2 5  . 6 5  
3 . 8 5  
3.80 

5 9 . 6 3  
2 . 3 1  
1 . 6 0  

. 2 2  
2 . 0 0  

. 2 5  
. 0 5  
. 0 6  
. O ?  
. o o  

9 9 . 4 9  
- - - - -  

Tota: llkalitr as Ha20 1 . 1 6  1 . 5 3  

2 1 . 7 8  
3 . 0 4  
2 . 5 3  

6 6 . 3 3  
1.41 
1 . 6 5  

. 2 6  
1 . 1 1  
. 2 4  
. 1 2  
. 0 5  
. 0 4  
. o o  

9 9 . 3 8  
- - 4 - -  

Inso!uble Residue 

F r e e  CaO 

CALCULATED COMPOUNDS (per ASTM C 1 5 0 - 8 5 a )  

c3s 5 5  
C 2 S  1 9  
C 3 A  
C 4 A E  9 
ss(C4AF+C2F) 0 

1 

10 
66 
5 

1 2  
0 

. ? 9  

4 8  
1 1  

7 
8 
0 

1 9 . 6 6  
3 . 8 5  
3 - 5 0  

6 4 . 3 0  
4 . 9 6  
1 . 3 7  
.19 

1 . 3 3  

. 0 9  

. 0 2  

. o o  

9 9 . 5 8  

" "  . L u  

. o a  

----- 

1.06 

7 5  
0 
5 

1 1  
0 

2 1 . 4 7  
3 . 8 9  
3 . 7 5  

6 2 .  1 0  
4 . 3 4  
2 . 5 :  

- 0 5  
I .  0 7  

. 2 0  

. 0 4  

. 1 0  

. 0 4  

. o o  

9 P .  5 6  
*--1- 

. 7 5  

4 9  
2 5  

5 
1 1  
0 

NOTES. 1 T h i s  analysis represents specifically the sampiecs) identified a b o v e  
2 .  Sample5 f o r  oxide analysis w e r e  f u s e d  at 1000 C w i t h  Li2B407 
2 Orrginal data stored on diskette 'FD21' in f i l e  ' X F O 8 1 8 8 8 . A O 4 ' .  
4 .  X-Ray FIuorescence oxide analysis meets t h e  precision and accuracy 

requirements f o r  rapid m e t h o d s  p e r  ASTM C 114-85. Most recent 
re-quafification d a t e  is 3 February 1 9 8 8 .  

ccmpounds  re c a l c u i a t e d .  
5 V a l u e s  f a t  Ti02 an d  P205 a r e  added to A 1 2 0 3  w h e n  the cement 
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C 
54 
r e  

Q N S T R U C T X O N  T E C H N O L O G Y  L A B O R A T O R I E S  I N C  
2C OLD OFIZHARC R E A D ,  SKOKIE, IL 60077-1030 P h o n e :  ( 3 1 2 )  9 4 5 - 7 5 0 1  
! e x .  ?10240:569 CTL.SKO T e l e f a x :  ( 3 1 2 )  945-6541 Easyrink: 6220017; 

PROJECT N o . :  CR6324 
CLIENT: MPC OF CTC 
SAMPLES SUBMITTED B Y :  P.WEST 

DATE ANALYZED: 0 8 / 1 8 / 8 1  
ANALYST:% 
C H E C K E D  B Y :  

C l i e n t ' s  N o . :  CALCINED KI CALCINED KI CALCINED KI CALCINED KI C A L C I N E D  KI 
PDM-544 PDM-5 4 8 CTL's N o .  : PDM-534 PDM- 5 3 8 PDM-54 1 

ANALYTE 

Si02 
A: 9 0 3  
Fc203 
c a o  
MgQ 
S O 3  
N a 2 Q  
K 2 0  
Ti 0 2  
P Z Q 5  
Mn203 
S r O  
L O .  r .  

TOTAL 

1 9 . 5 9  
3 . 9 5  
2 . 6 0  

5 8 . 5 7  
3 . 5 0  
2 . 0 1  

1 . 3 7  
. 2 1  
. 1 2  
. 7 0  
. 0 4  

6 . 6 0  

. i a  

9 9 . 6 5  

2 2 . 8 9  
3 . 4 3  
3 . 3 9  

5 3 . 1 2  + 

2 . 0 6  
1 . 4 2  

. 1 9  
1 . 7 8  

.z :  

. 0 5  

. 0 5  

. 0 6  
1 0 . 9 2  

9 9 . 5 4  
*----  

1 8 . 1 0  
3 . 2 1  
2 . 1 0  

5 5 .  1 3  
1 . 1 7  
1 . 3 7  
. 2 1  
. 9 2  
. 2 0  
.10 
.04 
. 0 3  

1 6 . 8 9  

9 9 .  4 0  
- - - - -  

15.14 
2 . 9 7  
2 . 7 0  

4 9 . 5 2  
3 . 8 2  
1 . 0 5  

. 1 5  
1 . 0 2  

. 1 7  

. 0 7  

. 0 6  

.01 
2 2 . 9 8  

9 9 .  6 8  

---I- 

2 0 . 0 4  
3 . 6 3  
3 . 5 0  

5 7 . 9 5  
4 . 0 5  
2 . 3 4  
. 0 4  

I .  Q @  
. 1 9  
.04 
* 39 
. 0 4  

6 . 4 0  

9 9 . 5 9  

- - - - -  

Total Alkalies as NaZO : . 0 8  1 . 3 7  . 8 2  . 8 2  . 7 0  

Insclublc Residue 

C A L C V L A Y E D  COMPOUNDS ( p e r  ASTM C: 1 5 0 - 8 5 a )  

C 3 S  51 
c 2 S' 1 8  
C 3 A  7 
C4 A F  8 
s s ( C 4 A F + C Z F )  0 

9 
5 9  
4 

1 0  
0 

56 
10 

6 
6 
0 

5 8  
0 
4 
8 
0 

46 
23 
4 

1 1  
0 

NOTES 1 .  T h i s  analysis represents specifically the sampIe(s) identified a b o v e .  
2 .  S a m p l e s  f o r  oxide a n a l y s i s  w e r e  fused at 1000 C with Li 2 B 4 0 7 .  
3 .  Original data stored o n  d i s k e t t e  'FD21' in file ' X F 0 8 1 8 8 B . A O 4 ' .  
4 .  X-Ray Fluorescence o x i d e  a n a f y s i s  m e e t s  the p r e c i s i o n  and a c c u r a c y  

r e q u i r e m e n t s f o r  r a p i d  n e t h o d s  p e r  ASTM C 1 1 4 - 8 5 .  Most recent 
re-quaIification date is 3 F e b r u a r y  1988. 

compounds a r e  c a I c u I a t e d .  
5 .  V a l u e s  f o r  Ti02 and PZO5 a r e  a d d e d  to A 1 2 0 3  when the cement 

A-6 



CO NSTRUCTION T E C H N O L O G Y  L A B O R A T O R I E S  I N C  
5420 OLD ORCHARD ROAD, SKOKIE, IL 60077-1030 Phone: (312) 9bS-730[ 
T e l e x :  9102401569 C T L . S K 0  T e l e f a x :  (322) 965-6541 Easylink: 6220017( 

PROJECT No.: CR6324 
CLIENT: MPC ( P C A )  
SAMPLES SUBMITTED B Y :  P.WEST 

DATE ANALYZED: 0 9  1 0 9  I81 

CHECKED BY :f,hzb ANALYST:- . 

CHEMICAL ANALYSIS 

( a l l  v a l u e s  a r e  weight percent) 

CLINKER CLINKER Client's No.: CLINKER CLINKER CLINKER 
C T L ' s  No. : PDM-535 PDM-539 PDM- 5 4 2 PDM- 5 4 6 PDM-951 

ANACYTE 

Si02 
A 1 2 0 3  
F e z 0 3  
C a O  

' MgO 
SO3 
Na20 
K20 
Ti 0 2  
P205 
Mn203 
S r O  
L . O .  I .  

--------II 

TOTAL 

21.34 
4.41 
2.99 

6 3 . 8 5  
3.85 

. 5 5  

. 1 9  
1 . 0 0  
.23 
.13 I 

. 7 8  

. 0 5  
- 2 4  

99.61 
I---- 

22.59 
4.05 
2.09 

65.26 
2.79 

. 3 3  

.13 

.60 

.26 
. Q 5  
. 0 6  
. 0 7  
.23 

99.30 
----- 

Total  Afkrlics as NalO . 8 5  .53 

21.89- 
3 . 8 1  
3 . 0 2  

67.19 
1 . 4 0  
.45 
.21 
54 

- 24 
. 1 1  
. 0 6  
. 0 4  
.29 

99.26 
----- 

Inao1rb1e Rcs idnr 

CALCULATED COMPOUNDS (per A S T M  C 1 5 0 - 8 5 a )  

c3s 60 
c2 s 1 6  
C 3 A  8 
C 4 A F  9 
ss(C4AF+C2F) 0 

60 
20 
7 
9 
0 

.57 

73 
8 
6 
9 
0 

22.68 
4.30 
3.91 

62.09 
4 . 7 7  
.39 
.21 
. 9 6  
.24 
. 0 9  
.09 
. 0 2  
.22 

99.98 
- 3 3 - q  

8 5  

4 3  
33 
6 

1 2  
0 

22.49 
4 . 2 4  
3.98 

6 3 .  70 

. 0 8  

.os 

.26 

.22 

. 0 4  

. l l  
- 0 5  
.31 

99.93 

4.41 , 

e m - - -  

.22 

5 2  
2 5  

5 
1 2  
P 

NOTES: 1 .  T h i s  analysis represents s p e c i f i c a l l y  the samplets) identified above. 
2. Samples for o x i d e  a n a l y s i s  w e r e  fused at 1000 C w i t h  Li2B407. 
3 .  Original data stored o n  diskette 'FD22' in file ' X F 0 9 0 9 8 8 . A O 5 ' .  
4 .  X-Ray Fluorescence o x i d e  analysis meets t h e  p r e c i s i o n  and accuracy 

requirements for rapid m e t h o d s  per ASTM C 114-85. Mast recent 
re-qualification d a t e  is 3 February 1988. 

compounds arc? calculated. 
5 .  VaIues for Ti02 and P20S are added to A 1 2 0 3  when the cement 
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CONSTRUCTION TECHNOLaGY L A B O R A T O R I E S  X N C  
5420 OLD ORCHARD ROAD, SKOKIE, IL 60077-1030 Phone: ( 3 2 2 )  965-750( 
T e l e x :  9102401569 CTL.BK0 Telefax: ( 3 2 2 )  965-6541 Easylink: 622001 7' 

PROJECT 
CLIENT: 
SAMPLES 

No.: 400808 
MPC 
SUBMITTED B Y :  P B  VEST 

CIient's No.: CLINKIASHCR 
C T L  ' I  N o .  : PDN 0 9 0  

ANALYTE 

SiO2 
A 1 2 0 3  

. Fe203 
C a O  
Mg 0 
so3 
N a 2 Q  
K20 
Ti 0 2  
P205 
MnZ03 
S r O  
L . 0 . I .  ---------- 

T O T A L  

T o t a l  Alkalies IS Ha10 

Inrolablr Residue 

free CaO 

2 3 . 3 4  
4.63 
3 . 1 0  

6 2 . 3 2  
4.17 
. 4 5  
. 1 8  
. 7 6  
. 3 1  
. 0 6  
. 0 8  
. 1 0  
. 0 8  

9 9 . 6 0  

.68 

---I- 

ANALYST: 

CALCULATED COMPOUNDS ( p e r  ASTM C 1 5 0 - 8 S a )  

c 3 s  37 
c2s - 3 9  
C 3 A  8 
C l A F  9 
ss(C4AF+C2F) 0 

NOTES: 1 .  This analysis represents specifically the samplecs) identified above. 
2 .  Samples for oxide analysis w e r e  fused at 1000 C w i t h  Li28407. 
3 .  Original data stored on diskette 'FDZ1' in file 'XF012689.AO3'. 
4. X-Ray F l u o r e s c e n c e  oxide analysis meets the precision and accuracy 

requireaents f o r  r a p i d  methods per ASTM C 1 1 4 - 8 5 .  Most recent 
re-qualification d a t e  i s  3 F e b r u a r y  1988. 

c o m p o u n d s  a r e  c a l c u i a t e d .  
S .  VaIues f o r  Ti02 and PZtlS art added to A 1 2 0 3  w h e n  the  cement 
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(TL 
5420 Old Orchard Road, Skokie, Illinois 60077-1 030 
Phone: 7081965-7500 Fax: 70819656541 

Client: PCA/MPC CTL Project No.: CR6324 
Project: Kiln Exit Build-ups Analyst: A. H. Malen 

Approved: J. B. Delles 
. Submitter: P. B. West Date: 9/8/88 

REPORT of CHLORIDE ANALYSIS 

PDM 534 PC2 - 4th Stage Material 
PDM 538 PH1- 4th Stage Discharge 
PDM 541 PH2 - 4th Stage Material 
PDM 544 PH3 - 4th Stage Material 
PDM 548 PC3 - 4th Stage Discharge 

This is a copy of a handwritten report. 

0.053 
1.19 
0.387 
0.138 
1.02 

.= Construction Technology Lpbomtories, Ins. sko#s LOS s e ~ a e ~ m a  
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eon/truction technoloOy labordodet, inc. 
5420 Old Orchard Road, Skokie, Illinois 60077-1030 - Phone 318965-7500 
Telex 9102401569 CTLSKO Easylink: 622001 70 - Facsimile 31 29656541 

01 -27 -89 Date:. 
Client: npc 
Submitter: 
Ptvjee: 

Report of Chloride Analysis 

PDM533 
PDMS35 
PDM536 
PDH537 
PDM539 
PDH540 
PDH542 
PDM543 
PDMS45 
PDM546 
PDMS47 
PDMSSO 

kiln feed 0.013 
clinker <O. 003 

feed to kiln 0.037 
clinker 0.007 
k i l n  feed 0.025 
kiln clinker eO.003 
kiln feed 0.026 
raw mill 0.022 
clinker 0.003 

kiln feed w /  k i l n  brghouee 0.035 
kiln feed w/o baghoure dust 0.006 

feed to kiln silo 0.035 

NOTES : 
1. This analysis rhpreaents specifically t h e  samples submitted. 
2. Analysis by potentiometric titration with uilver nitrate 

(modified ASTM C 114) 

-_- 
Branch Offices LOS ANGELES * SEA'TTLE I TACOMA * DALLAS a TALLAHASSEE 
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5420 Old Orchard Road. Skokie, Illinois 60077-1030 - Phone 31219657500 
Telex 9102401569 CTL.SKO Easylink: 62200170 Facsimile 312/965-6541 

Date:. 01-27-89 
Client: MPC 
Submitter: 
Project= 

Report of Chloride Analysis 
Determined Calculated 

PDM551 clinker #2 kiln 0.004 
PDN088 kiln feed aerh grove 0.009 
PDN089 4th stags ash grove 0.424 
PDNOSO clinker ash grove 0.003 

NOTES : 
1. Thir a n a l y s i s  rrprerenta speciflcally the samples submitthd. 
2. Analysis by potentiomatric t i t r a t i o n  with silver n i t r a t e  

(modified ASTM C 114) 

Branch Offices LOS ANGELES - SEAITLE I TACOMA - DALLAS - TALLAHASSEE 
A - 1 1  



5420 Old Ot+chard Road, Skokie. Illinois 60077-1030 
Phone: 7081965-7500 Fax: 7081965-6541 

Client: PCAIMPC CTL Project No.: 400808 
Project: Kiln Exlt Bulld-ups Analyst: D. J. Broton 

Approved: H. M. Kanare 
Submitter: P. B. West Date: 211 6/89 

Sample Identification 
CI'LID pescrimion 

REPORT of FLUORIDE ANALYSIS 

PDM 533 
PDM 534 

PC2 - Kiln Feed 
PC2 - 4th Stage Material 

PDM 535 PC2 - Clinker 
PDM 536 
PDM 537 
PDM 538 
PDM 539 PHI - Clinker 
PDM 540 
FDM 541 
PDM 542 PH2 - Clinker 
PDM 543 
PDM 544 
PDM 545 
PDM 546 PH3 - Clinker 
PDM 547 
PDM 548 
PDM 550 
PDM 551 

PH1 - Feed to Kiln Silo 
PHI - Feed to Kiln 
PH1- 4th Stage Discharge 

PH2 - Kiln Feed 
PH2 - 4th Stage Material 

PH3 - Kiln Feed 
PH3 I 4th Stage Material 
PH3 - Raw Mill 

PC3 - Kiln Feed w/Baghouse Dust 
PC3 - 4th Stage Discharge 
PC3 - Kiln Feed w/o Baghouse Dust 
PC3 - Clinker (#2 Kiln) 

PDN 088 
PDN 089 
PDN 090 PC1- Clinker 

PC1- Kiln Feed w/o Baghouse Dust 
PC1- 4th Stage Material 

This is a copy of a handwritten report. 

ppm by weight 
Fluoride 

23.6 
49.5 
26.9 
18.3 
19.1 
41.6 
28.2 
17.4 
33.9 
27.3 
13.9 
11.6 
12.6 
19.4 
20.9 
50.8 
28.9 
34.6 

18.8 
5 1.3 
33.7 



APPENDIX 

RAW DATA 

PART II 
Data from Static Volatilization Tests 



C O N S T R U C T I O N  T E C H N O L O G Y  L A B o R A T o R I E S  S N C  
5420 OLD ORCHARD ROAD, SKOKIE, IL 60077-1030 Phona: t 3 1 2 )  965-7501 
Telex: 9 1 0 2 4 0 1 5 4 9  C T L . S K 0  T e I e f a x :  ( 3 1 2 )  965-6541 Easy1 ink: 6 2 2 0 0 1  7C 

P R O J E C T  No.: CR6324 
CLIENT: MPC OF CTC 
S A M P L E S  SUBMITTED BY: P.WIEST 

C H E M I C A L  ANALYSIS 

Client's No.: CLINKER C L I N K E R  C L I N K E R  
CTL's No. : MJ33- 1 0  M533-20 533-30 

ANALYTE 

sioz 
A 1 2 0 3  
F e z 0 3  
C a O  
M4 0 
503 
Na20 
K20 
Ti 0 2  
F 2 0 5  
Mn203 
S r O  
L.O.I. 

- * - - - - - - - -  

TZTAL 

2 0 . 9 2  
4 . 2 1  
2 . 7 5  

6 4 . 7 8  
3 . 7 8  

13 
. 1 5  
. 2 4  ' 

. 2 2  

.14 

. 7 8  

. o s  

. ? ?  

9 9 . 1 2  
----I 

T c t a l  AIkiIits a5 Na20 . 3 0  

2 1 . 0 4  
4 . 2 7  
2 . 7 5  

6 5 . 2 8  
3.80 

. 0 2  

. l l  

. 0 4  
. 2 2  
.14 
. 3 8  
. (15 
. 8 2  

9 9 . 3 2  
----- 

14 

2 0 . 9 9  
4 . 3 1  
2 . 7 6  

6 5 .  0 2  
3.81 

. 0 2  
- 0 9  
.01 
. 2 2  
. 1 4  
. 7 8  
. 0 5  
- 8 4  

9 9 . 0 4  
----- 

Insolablt Rcr idat 

irce CaO 

CALCULATED COMPOUNDS ( p e r  ASTM C 1 5 0 - 8 5 a )  

c3s 7 0  
C 2 S  7 
C 3 A  8 
C 4 A F  8 
ss(C4AF+CZF) 0 

7 1  
7 
7 
9 
0 

1 0  

6 9  
8 
8 
9 
0 

DATE ANALYZED: 0 8 / 2 3 1 8 !  
ANALYST: 2% 
CHECKED B Y :  

P:DTES. 1 .  This analysis represent5 specifically the s a r n p i e t s )  i d e n t i f i e d  a b o v e .  
2 .  Samplss f o r  o x i d e  analysis w e re fused at 1000 C w i t h  L i Z B 4 0 7 .  
3 .  Original d a t a  s t o r e d  on diskette 'FD21' in f i l e  'XF082388.Ao2'. 
4. X-Ray F l u o r e s c e n c e  oxide analysis m e e t s  the precision and a c c u r a c y  

requirements f o r  rapid methads per A S T M  C 114-85. Most recent 
re-qualification date is 3 February 1 9 8 0 .  

compounds are c a l c u l a t e d .  
5 .  V a l u e s  f o r  Ti02 and P20S ate a d d e d  to A 1 2 0 3  when the c e m e n t  
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CONSTRUCTION T E C H N Q L O C Y  L A E t O R A T o R I E S  I N C  
5 4 2 0  OLD ORCHARD ROAD, SKOKIE, IL 60077-1030 P h o n e :  ( 3 1 2 )  965-7501 
T e l e x :  9 1 0 2 4 0 1 5 6 ?  CTL.SK0 T e l e f a x :  ( 3 1 2 )  9 6 5 - 6 5 4 1  Easylink: 6220017( 

PROJECT N o . :  C R 6 3 2 4  DATE A N A L Y Z E D :  0 0 / 2 6 / 8 F  
CLIENT: MPC ( P C A )  ANALYST : 
SAMPLES SUBMITTED BY: P.GIEST 

C H E M I C A L  A N A L Y S I S  ----------------------------- 
(all v a l u e s  a r e  weight percent) 

CIient's No.: CLINKER CLINKER CLINKER 
CTL's N o . :  M536-10 M536-20 M536-30 

ANALYTE 

SiQ2 
A1203 
F e Z Q 3  
C2.Q 
M9Q  
S O 3  
N a 2 O  
K Z O  
Ti 0 2  
P 2 0 5  
MnZ03 
S t O  
L . O . I .  

TOTAL 

21.75 

2 .  86 
4 5 . 8 8  
2 . 5 2  
. o o  
.06 
. 1 9  
, 2 5  
I05 
. 0 6  
. 0 7  

1 . 2 9  

9 8 .  79 

3 . 8 1  

----I 

2 1 .80 
3 . 8 2  
2.84 

6 6 . 1 2  
2 . 5 3  
. o o  
. a 3  
.04 
. 2 5  
.06 
.06 
. 0 8  

1 . 1 4  

9 8 . 7 6  

2 1 . 9 3  
3 .  8 5  
2 . 9 0  

6 6 .  6 0  
2 . 5 5  

. o o  

. 0 1  

. o o  

. 2 5  

. 06 

.06 

. 0 7  
- 8 2  

3 9 . 1 2  
----- 

T c t i l  Alkalics as NaZO . 1 9  . 0 5  .01 

Insoluble Residue 

Frer CaO 

CALCULATED COMPOUNDS ( p e r  ASTM C 1 5 0 - 8 5 a )  

c 3 s  7 2  
CZS 8 
C 3 A  6 
C 4 A F  9 
s s ( C 4 A F + C Z F )  0 

7 2  
0 
6 
9 
0 

7 2  
8 
6 
9 
(I 

NOTES: 1 .  T h i s  analysis represents s p e c i f i c a l l y  the srmpIe(s) identified a b o v e  
2 .  Sampler for oxide anaIy5is w e r e  f u s e d  at 1000 C w i t h  L i 2 B 4 0 7 .  
3 .  Original d a t a  s t o r e d  o n  diskette 'FD21' in file ' X F 0 8 2 6 8 8 . A O Z ' .  
4 .  X-Ray Fluorescence o x i d e  anaIysi5 meets t h e  p r e c i s i o n  and a c c u r a c y  

requirements f o r  rapid m e t h o d s  p e r  ASTM C 114-85. Most recent 
re-qualificatisn date is 3 F e b r u a r y  1988. 

ccmpounds a r e  c a l c u l a t e d .  
5 .  V a l u e s  f u r  Ti02 a n d  P Z 0 5  are added to A 1 2 0 3  when the cement 
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C 
54 
TQ 

a N  
2 0  0 
Iex: 

S T R U C T f O N  T E C H N O L O G Y  L A B Q R A T O R I E S  I N C  

LD ORCHARD ROAD, SKOKIE, IL 60077-1030 P h o n e :  ( 3 1 2 )  9 6 5 - 7 5 0 :  
9102401549 CTL.SKO T e l e f a X :  ( 3 1 2 )  965-6541 Easylink: 6220017 

PROJECT  No.: CR6324 
CLIENT: MPC ( P C A )  
SAMPLES SUBMITTED EIY: P.WEST 

CHEMICAL A N A L Y S I S  
, - - -_ - - - - - - - - - -_ - - - -__ I_______ 

( a 1 1  values a r e  w e i g h t  percent) 

Client's No.: CLINKER CLINKER CLINKER 
CTL's No. : 540-10 MS40-20 MS40-30 

ANALYTZ 

sio2 
A 1 2 0 3  
F e z 0 3  
C a O  
MgC 
so3 
N a  20 
K 2 0  
Ti 0 2  
P 2 0 5  
in203 
SrO 
L . O . I .  

---------- 
TOTAL 

2 1 . 9 6  
3 . 9 3  
2 . 8 6  

6 6 . 7 5  
1 . 4 4  

* 00 
* 1 9  
. 1 2  
. 2 5  
. 1 3  
* 0 5  
* 0 4  

1 . 1 2  ----- 
y e .  9 4  

2 1 . 9 9  
3 . 8 5  
2 . 8 4  

6 7 . 0 8  
1 . 4 3  

. o o  
. 1 7  
. 0 3  
. 2 5  
. I 3  
. 0 5  
.04 
- 7 6  

9 8 . 6 1  

----- 

2 1 . 9 1  
3 . 9 5  
2 . 8 3  

6 6 .  9 2  
1 . 4 3  

. o o  

. I 2  

. o o  

. 2 4  

. 1 5  

.06 

. 0 4  
1.09 

? a .  73 
----- 

:c!al Alkalies as Nil0  

Inso lab1 P Res i due 

27 1 9  . 1 2  

Free CaO 

C A L C U L A T E D  COMPOUNDS ( p e r  ASTM C 1 5 0 - 8 5 a )  

c 3 5  72 74 7 3  
cz E 9 7 8 
C 3 A  6 4 7 
C J A F  9 9 9 
5 5 ( C 4 A F +  C 2  F 1 0 0 0 

NOTES t .  Thrs analysis represents specifically the s a r n p l e t s )  identified a b o v e .  
2 .  Sample5 f o r  o x i d e  analysis w e r e  fused at 1000 C w i t h  LiZB407. 
2 .  O r ~ g i n a l  d a t a  s t o r e d  on diskette 'FD21' i n  file 'XF082988.AO2'. 
4 .  Y - R a y  F I u o r e s c e n c e  o x i d e  anaIysis meats the precision and accuracy 

rcqurrements f o r  r a p i d  methods per ASTM C 1 1 4 - 8 5 .  Most recent  
r e - q u a l i f i c a t i o n  d a t e  is 3 F e b r u a r y  1988. 

:cmpcunds a r e  c a l c u l a t e d .  
5 L 'z:ues f o r  T i D 2  a n d  P Z D S  a r e  a d d e d  t o  A 1 2 0 3  when the cement 
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C O N S T R U C T 3 : O N  T E C H N Q L O G Y  L A B O R A T O R I E S  I N C  
5420 O L D  O R C H A R D  ROAD, SKOKIE, IL 6 0 0 7 7 - 1 0 3 0  Phone: ( 3 1 2 )  9 6 5 - 7 5 0 C  
T e l e x :  9 1 0 2 4 0 1 5 6 9  CTL.SK0 Telefax: ( 3 1 2 )  9 6 5 - 6 5 4 1  Easy fink: 6 " L 0 0 1 7  

P R O J E C T  No.: CR6324 
CLIENT: MPC ( P C A )  
SAMPLES SUBMITTED BY: P.WEST 

DATE ANALYZED: 0 8 / 3 1 / 8 :  

CHECKED BY :j.pfi& ANALYST:% - &+ 

Ciient's N o . : .  CLINKER CLINKER CLINKER 
CTL's N o .  : M545-10 M545-20 M545-30 

ANALYTE 

SiO2 
A 1  2 0 3  
F e 2 0 3  
C a O  
MSO 
S Q 3  
N a  2 0  
KZO 
Ti 0 2  
P 2 0 5  
Mn203 
SrQ 
L . 3 .  I .  

2 1 . 2 7  
3 . 9 4  
3 . 8 2  

6 3 . 4 4  
4 . 8 9  

* 0 0  
. 1 9  
. 2 6  
I 2 2  
. 0 8  
. O B  
. 0 2  

1 . 0 6  

9 9  * 2 7  
1---- 

2 1 . 3 8  
3 . 8 4  
3 .  8 3  

6 3 . 7 0  
4.92 
. o o  
. 1 7  
.10 
. 2 2  
. 0 8  

. 0 2  
1 . 2 4  

9 9  . s 9  

. o a  

----- 

2 1 . 2 3  
3 . 8 4  

6 3 .  5 6  
4.93 

. o o  

. 1 4  

. 0 1  

. 2 3  

. 0 3  

. 0 8  

. 0 2  
1 . 2 8  

9 9 . 2 2  

3.80 

----- 

Total Alkalies as NaZO . 3 6  . 2 3  . 1 5  

Insoluble Residua 

CALCULATED C O M P O U N D S  ( p e r  A S T M  C 1 5 0 - 8 5 a )  

c3s 4 3  64 
czs 1 4  1 3  
C 3 A  5 4 
C 4 A E  1 2  1 2  
s s < C 4 A F + C 2 F )  0 0 

6 4  
1 2  

5 
1 2  

0 

NOTES: 1 .  T h i s  analysis represents specifically t h e  sample(s) identified above. 
2 .  Samples f o r  o x i d e  analysis w e r e  fused at 1000 C w i t h  L i 2 B 4 0 7 .  
3 .  Original data stored on d i s k e t t e  'FD21' in fiie ' X F 0 8 3 1 8 8 . A O 4 ' .  
4 .  X-Ray  F l u o r e s c e n c e  oxide analysis meets t h e  precision and accuracy 

requirements f o r  r a p i d  m e t h o d s  p e r  ASTM C 114-85. Most recent 
re-quaixfication date is 3 F e b r u a r y  1 9 8 8 .  

compounds are c a l c u l a t e d .  
5 .  V a l u e s  f o r  Ti02 and P 2 0 5  a r e  a d d e d  to A 1 2 0 3  w h e n  the cement  
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CONSTRUCTION TECHNOLOGY LABORATORTES I N C  
5 4 2 0  OLD ORCHARD ROAD, SKOKIE, I f .  6 0 0 7 7 - 1 0 3 0  Phona: ( 3 1 2 )  9 6 5 - 7 5 0 0  

Easylink: 6 2 2 0 0 1 7 0  Te1.x: 9 1 0 2 4 0 1 5 6 9  CTL.SKO Talefax: ( 3 1 2 )  9 6 5 - 6 5 4 1  

PROJECT No.: CR6324 
CLIENT: MPC ( P C A )  
SAMPLES SUBMITTED B Y :  P.WEST 

Client's No.: CLINKER' CLINKER CLINKER 
CTL's N o . :  MSSO-10 M5 5 0 - 2 0  M550-30 

ANALYTE 

Si02 
A 1 2 0 3  
Fe203 
C a O  

SO3 
NaZO 
K20  
T I  0 2  
P205 
Hn203 
SrC) 
i G I .  

I MgO 

T O T A L  

2 1  . a 3  
3 . 9 4  
3 . 9 5  

6 3 . 5 5  
4 .  s o  

. 0 3  

. 1 0  
- 2 0  
.04 

1 1  
* 0 4  

1.19 

9 9 . 4 7  

. a o  

I...--- 

2 1 . 9 6  
3 . 8 3  
3 . 9 6  

6 3 . 8 1  
4 . 53 

. o o  
.o:!  
. 0 2  
.20 
. 0 5  
. ; 1  
.94 
. 9 5  

9 9 . 4 8  
1---- 

2 1 . 9 s  
3 . 8 3  
3 .  P 3  

6 3 .  7 2  
4 . 5 2  

. o o  

. o z  

. o o  

. 1 9  

. 0 6  

- 0 4  
. Be 

9 9 . 3 5  

. .  
- & A  

----- 

ANALYST : 
CHECKED BY: 

Toti! Altalitr as Nil0 . a 9  .04 .a:: 

Insolub Ie Rcr idrr 

CALCVLATEYY COMPOUNDS (per A S T M  C 1 5 0 - 8 5 a )  

c 3 s  5 9  5 9  5 9  
c2s 1 8  10  1 Q  

. c 3 x  4 4 4 
C 4 A F  1: 1 2  1: 
ss(C4AF+CZF) 0 0 0 

NOTES: I .  This anaIysi5 represents ap*cificaILg the sampfm(s) i d e n t i f i m d  a b o v e .  
2. Samples f o r  ozide analysis w e r e  fused a t  1000 C with Li2B407. 
3 .  O r i g i n a l  d a t a  stored on 3iskmtte 'FD21' in file ' X F 0 9 0 1 8 8 . A O 3 ' .  
4 .  X-Ray Fluorescence oxide ana$ysis meets the precision and accuracy 

requirements f o r  r a p i d  nethods p e r  ASTM C 1 1 4 - 8 5 .  Most recent 
re-qualification d a t e  i s  3 February 1 9 8 8 .  

compounds are calculated. 
5 .  Values f o r  T i 0 2  and F205 a r e  added t.3 A 1 2 0 3  wh+n the  c e m e n t  
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C a N S T R U C T I O N  T E C N N O L a G Y  L A E Q R A T O R X E S  I N C  
5 4 2 0  OLD ORCHARD R O A D ,  SKOKIE, IL 40077-1030 Phone: ( 3 1 2 )  9 6 5 - 7 5 0 1  
T e l e x  9 1 0 2 4 0 1 5 6 3  CTL.SKO T e l e f a x :  ( 3 1 2 )  965-6541 Easy1 ink: 622001 7( 

PROJECT No.: CR6324 
CLIENT: MPC ( P C A )  
SAMPLES SUBMITTED B Y :  P.WEST 

CHEMICAL ANALYSIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
( a 1 1  v a l u e s  are weight percent) 

Client's No.: CLINKER CLINKER CLINKER 
CTL's N o .  : M534-I0 M534-20 M534-30 

ANALYTE 

S i O Z  
A 1 2 0 3  
F e 2 0 3  
C a O  
M g  0 

' so3 
Na 20 
KZQ 
Ti 0 2  
P 2 Q 5  
Mn203 
S r O  
L.O.I. 

-----I---- 

TOTAL 

2 1  . O ?  
4 . 3 8  
2 . 7 7  

6 3 . 0 7  

1 . 5 7  
. 1 2  

1.10 
.23 
. I 3  
.76 
. 0 5  
. 8 2  

9 3 . 8 6  

3 . 7 8  

----- 

2 1 . 2 2  
4.44 
2 . 7 9  

6 3 . 6 0  
3.84 
1 . 0 7  

. l l  
. 7 3  
. 2 2  
.14 
. 7 6  
. 0 5  
.66 

9 9 . 6 3  
----- 

21.34 
4 . 3 6  
2.03 

6 3 .  86 
3.86 
. 7 8  
. 0 8  
. 5 4  
. 2 2  
. 1 4  
.77 
I 0 5  
. 6 9  

9 9 . 5 1  
----- 

Toia! Alkalies as NalO . 8 4  . 5 9  . 4 4  

Inso 1ub IP Re6 iduc 

Free CaO 

CALCULATED COMPOUNDS ( p e r  ASTM C 150-85a) 

ANALYST: 

U 

c3s 5 6  
c z s  18 
C 3 A  8 
C4 A!? 9 
ss(C4AF+C2F) 0 

58 
17 

8 
9 
0 

6 0  
16 

8 
9 
0 

NOTES: 1 .  This analy5is represents s p e c i f i c a l l y  the sampIe(s) i d e n t i f i e d  a b o v e .  
2 .  Samples f o r  oxide! a n a l y s i s  w e r e  fused at 1000 C w i t h  L i 2 B 4 0 7 .  
3 .  Original data stored o n  diskette 'FD21' in fiIe ' X F 0 8 2 5 8 8 . A O Z ' .  
4. X-Ray Fluorescence o x i d e  analysis meets the precision and accuracy 

requirements f o r  rapid m e t h o d s  per ASTM C 1 1 4 - 8 5 .  Most recent 
re-qualification date is 3 February 1988. 

compounds are calculated. 
5 .  V a l u e s  f o r  T i 0 2  a n d  P205 a r e  a d d e d  to A1203 when the cement 
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C O N S T R U C T I O N  T E C H N O L O G Y  L A B O R A T O R I E S  I N C  
5 4 2 0  OLD ORCHARD ROAD, SKOKIE, IL 60077-1030 Phone: ( 3 1 2 )  945-7501 
T e l e x :  9102401569 C T L . S K O  T e I c f a X :  ( 3 1 2 )  965-6541 Easylink: 6220017C 

PROJECT N o . :  CR6324 
CLIENT: MPC ( P C A )  
SAMPLES SUBMITTED BY: P.WEST 

 ANALYST:^^^^^ DATE ANALYZED: 0 0 1 2 6 / 0 €  

CHECKED BY 

Client's N o . :  CLINKER CLINKER CL XNKER 
C T L '  P N o .  : 5 3 8 - 1 0  ~ 5 3 8 - 2 1 )  M538-30 

ANALYTE 

S i 0 2  
A 1 2 0 3  
F e z 0 3  
CaO 

SO3 
N a 2 0  
K 2 Q  
T i 0 2  
PZ05 
Mn203 
SrO 
L . Q . I .  

Mg 0 

---------- 
TDTAL 

2 5 .  7 7  
3 .76 
3 . 8 6  

6 0 . 2 8  
2 . 3 2  
1 . a 1  
. 1 5  

. 2 5  

. 0 5  

.06 

. 0 7  
* 7 8  

9 9 . 4 0  

1 . a 4  

----- 

2 6 . 0 1  
3 . 7 9  
3 . 8 2  

6 0 . 7 5  
2 .  31 
.66 
. 1 3  
. 6 3  
.25 
. 0 5  
. 0 6  
.07 
. 8 7  

9 9 . 3 9  

---_- 

2 4 . 3 4  
3 . 8 0  
3.86 

6 1 .  21 
2 . 3 3  

. 4 3  

. l l  

. 4 4  

. 2 5  

. o s  

. 0 6  

. 0 7  

. 5 0  

9 9 . 4 7  
----- 

T o t a l  AIkalics as NalO . a 3  . 5 4  . 4 0  

IusalobIt Rtsidoe 

r r t r  cao 

CALCULATED COMPOUNDS (per ASTM C 1 5 0 - 8 5 a )  

c3s 13 
c2s 64 
C 3 A  4 
C 4 A F  1 2  
ssIC4AF+C2F) 0 

1 5  1 5  
6 3  6 4  

4 4 
1 2  1 2  

0 0 

NOTES: 1 .  This analysis represents specifically the samplecs) identified a b o v e  
2 .  Samples f a r  oxide analysis w e r e  fured at 1000 C w i t h  Li28407. 
3 .  Original d a t a  stored o n  diskette 'FD21' in file ' X P 0 8 2 6 8 8 . A O 5 ' .  
4 .  X-Ray F I u o r t s c e n c e  oxide analysis meet5 the precision and accuracy 

requirements f o r  r a p i d  methods p e r  ASTM C 1 1 4 - 8 5 .  Most recent 
re-qualification d a t e  is 3 F e b r u a r y  1988. 

compounds are calculated. 
5 .  V a l u e s  f o r  Ti02 and P205 are added to A1203 w h e n  the cement 
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CaNSTRUCTION T E C H N O L O G Y  L A B O R A T Q R I E S  I N C  

5420 O L D  ORCHARD ROAD, SKOKIE, IL 6 0 0 7 7 - 1 0 3 0  Phone: ( 3 1 2 )  9 6 5 - 7 5 O C  
T e l e x :  9102401549 C T L . S K O  Telefax: ( 3 1 2 )  965-6541 EasyIink: 6 2 2 0 0 1 7 C  

PROJECT N o . :  CR6324 
C L I E N T :  MPC ( P C A )  
SAMPLES SUBMITTED BY: P.WEST 

Client's No.: CLINKER C L I N K E R  CLINKER 
CTL's No. : M54 1-1  0 M541-20 M541-30 

ANALYTE 

S i O Z  
A 1 2 0 3  
F e z 0 3  
C a O  

sc): 
N a Z G  
K20  
Ti 0 2  
P2C):: 
MnZQJ 
SrO 
L .  0. I .  

rfg@ 

. - - - - - - _ _  
TOTAL 

21 .76 
4 . 0 1  
2 . 5 4  

6 5 . 9 7  
1 . 4 2  

. 8 6  

. 2 4  

. 5 4  

. 2 4  
113 
. 0 5  
, G q  
. a 6  ----- 

9 8 . 6 5  

2 1 . 8 9  
3 . 9 8  
2 . 6 6  

6 6 . 5 1  
1 . 4 3  
.4? 
.20 
.27 
.24 
. 1 3 
. 0 5  
. 0 4  

1 . 2 7  

9 9 . 1 5  

- - - -_ 

22.06 
3 . 9 9  
2 . 5 6  

6 6 . 7 9  
1.44 
. 3 0  
. I ?  
. 1 4  
. 2 4  
. i 5  
. a 5  
. 0 4  

1 . 2 6  

9 9 . 2 0  

----- 

Total Alkalies a5 Na2O . 6 0  . 3 8  . 2 :  

Insoluh l e  Residua 

Free CaO 

C A L C U L A T E D  COMPOUNDS ( p e r  ASTM C 1 5 0 - 8 5 a )  

c3s  6 7  
c2s 1 2  
C 3 A  7 
C 4 A F  8 
~ P I C ~ A F + C ~ F )  0 

6 9  
1 1  
7 
8 
0 

7 0  
1 1  
7 
8 
0 

NOTES: 1 .  T his anaIysis represent5 specifically the sample(s) identified a b o v e .  
2 .  Sampler f o r  o x i d e  a n a l y s i s  w e r e  fused at 1000 C w i t h  L i Z B 4 0 7 .  
3 .  Original data stored on diskette 'FD21' in file ' X F 0 8 3 1 8 8 . A O 3 ' .  
4 .  X-Ray F l u o r e s c e n c e  o x i d e  analysis meets the precision and a c c u r a c y  

requirements f o r  r a p i d  methods p e r  ASTM C 1 1 4 - 8 5 .  Most recent 
re-qualification date is 3 F e b r u a r y  1988. 

compounds are c a l c u l a t e d .  
5 .  V a l u e s  f o r  Ti02 a n d  P205 a r e  added to A 1 2 0 3  when t h e  cement 



C O N S T R U C T I O N  T E C H N O L O G Y  L A B O R A T O R I E S  X N C  
5420 OLD ORCHARD R O A D ,  SKOKIE, IL 6 0 0 7 7 - 1 0 3 0  Phone: ( 3 1 2 )  9 6 5 - 7 5 O c  
T e l e x :  9102401569 CTL.5KO T e l e f a x :  (312) 965-6541 Easylink: 6220017: 

PROJECT 
CL I ENT : 
SAMF LE S 

No.: CR6324 
MPC ( P C A )  
SUBMITTED BY: P .WEST 

CIient's No.: CLINKER CLINKER CLINKER 
CTL's N o .  : M544-10 MS44-20 MS44-30 

ANALYTE 

Si02 
A 1 2 0 3  
Fez03 
CaO 
M g O  

' S O 3  
N a 2 Q  
K2O 
Ti 0 2  
P205 
Mn203 
S r O  
L.O.I. - -- .- - - - - - - 

TOTAL 

1 9 . 6 9  
3 . 7 7  
3 . 5 8  

6 3 . 4 8  
4.91 

I 75 
. 1 9  
. 7 5  
. 2 2  
. 1 @  
. 0 9  - 

. 0 2  
1.55 

9 9 . 3 0  
--I-- 

1 9 . 9 7  
3 . 9 2  
3 . 5 9  

64.. 64 
s .  0 0  

. 4 5  

. l ?  
. 4 1  
.23 
. 1 0  
. 0 9  
. 0 2  

1 . i 1  

9 9 . 6 9  
-I--- 

20.10 
4.00 
3.55 

64. 51 
4 . 9 8  

, 2 1  
- 1 5  
. 2 2  
. 2 3  
, 1 1  
. 0 9  
. 0 2  
.91 

9 9 . 0 7  
----- 

T o t a l  Alkalies a5 Na2O .68 . 4 4  . 2 9  

Insoluble Rtridue 

Frea CaO 

CALCULATED COMPOUNDS (per ASTM C 1 5 0 - 8 5 a )  

c 3 s  7 5  
c2  s 0 
C 3 A  5 
C4AE 1 1  
s s(C4AF+C2F) 0 

76 
0 
5 

1 1  
0 

7 5  
1 
5 

1 1  
0 

NOTES: 1 .  This analysis represents specifically the sample(s) i d e n t i f i e d  a b o v e .  
2 .  Samples f o r  oxide analysis w e r e  fused at 1000 C w i t h  LiZB407. 
3 .  OriginaI d a t a  stored on diskette 'FD21' in f i l e  ' X F 0 8 3 0 8 8 . A O Z ' .  
4. X - R a y  FIuorescence o x i d e  analysis meet5 t h e  precision and accuracy 

requirements f o r  r a p i d  methods p e r  ASTM C 1 1 4 - 8 5 .  Most recent 
re-qualification d a t e  is 3 F e b r u a r y  1 9 8 8 .  

compounds a r e  calculated. 
5 .  Values f o r  Ti02 and P205 a r e  a d d e d  ta A1203 when the cement 
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CO NSTRUCTIQN T E C H N O L O G Y  L A B O R A T O R I E S  I N C  
5 4 2 0  OLD O R C H A R D  ROAD, SKOKIE, IL 6 0 0 7 7 - 1 0 3 0  Phone: ( 3 1 2 ?  9 6 5 - 7 5 0 :  
T e l e x :  9102401569 CTL.SKO T e l e f a x :  ( 3 1 2 )  9 6 5 - 6 5 4 1  Easylink: 6 2 2 0 0 1 7  

PROJECT N o . :  CR6324 
CLIENT: MPC ( P C A )  
SAMPLES SUBMITTED B Y :  P.WEST 

DATE ANA Y ED. 0 9 / 0 1 / 8 ;  
A N A L Y S T :  
C H E C K E D  BY: 

Client's No.: , CLINKER CLINKER CLINKER 
CTL's N o .  : M548-10 M548-20 MS 48-3 0 

ANALYTE 

Si9Z 
A 1 2 0 3  
F e z 0 3  
Ca O  
Mg 0 

' S O 3  
N a 2 0  
K 2 0  
Ti 0 2  
P205 
M l l Z 0 8  
S r O  
L . t ) . i .  

TOTAL 

2 1 . 6 1  
3 . 9 7  
3 . 7 6  

6 2 . 7 3  
4 . 4 2  
1 . 0 5  
.04 
. 3 3  
. 2 0  
.04 
.10 ' 

* 04 
1 . 3 9  

9 9 . 6 9  

-_---  

2 1 . 9 1  
3 . 9 5  

6 3 . 3 5  
4 . 5 1  

. 5 7  

.04 

.18 

.20 
. 0 5  
. 1 0  
.04 
. 9 4  

99.66 

3 . 8 2  

----- 

22.00 
4 . 0 5  
3 . 7 8  

6 3 .  5 0  
4 . 5 2  

. 2 9  

.03 

. 0 8  

. 2 0  

. 06 

. 1 0  

. 0 4  
* 8 5  

9 9 .  s o  

T o t a l  Alkalies a5 NafO . 2 6  .16 . 0 8  

Insoluble Residue 

f r e e  CaO 

CALCULATED COMPOUNDS (pe,r ASTM C 150-85a) 

c 3 s  5 5  
c2s 2 0  
C 3 A  5 
C 4 A F  12 
ss(C4AF+CZF) 0 

5.6 5 6  
2 1  2 1  

5 5 
1 2  1 2  
0 0 

NOTES: 1 T his analysis represents specifically t h e  sarnplets) identified above. 
2 .  Samples f o r  oxide anaIysis w e r e  fured at 1000 C w i t h  L i 2 B 4 0 7 .  
3 .  Original d a t a  s t o r e d  on diskette 'FD21' in f i l e  'XF090188.AO2'. 
4 .  X-Ray F l u o r e ~ c e n c e  oxide analysis meets the precision and a c c u r a c y  

requirements f o r  rapid methods p e r  ASTM C 114-85. Most recent 
re-qualification d a t e  is 3 February 1988. 

compounds are calculated. 
5 .  Values f o r  Ti02 and P205 are a d d e d  to A 1 2 0 3  w h e n  t h e  cement 
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C O N S T R U C T I O N  T E C H N O L O G Y  L A E O R A A T Q R I E S  X N C  
5 4 2 0  OLD ORCHARD R O A D ,  SKOKIE, EL 6 0 0 7 7 - 1 0 3 0  P h o n e :  ( 3 1 2 )  9 6 5 - 7 5 0  
T e l e x :  9 1 0 2 4 0 1 5 6 9  CTL.SK0 Telefax: ( 3 1 2 )  9 4 5 - 6 5 4 1  Easylink: 6 2 2 0 0 1 7  

PROJECT 
C L  I ENT : 
SAMPLES 

N o . :  4 0 0 8 0 0  DATE ANALYZED: 0 7 / 2 5 / 8  
MPC OF P C A  
SUBMITTED BY : DR. P . B .  WEST C H E C K E D  

CHEMICAL ANALYSIS 
I-------__------------------- 

(all values a r e  weight p e r c e n t )  

Client's No.: N O 8 8 - 1 0 M  N N088-20M K N088-30M M 
CTL's N o .  : N 088 N 0 8 8  N 0 8 8  

ANALYTE 

SiOZ 
A 1 2 0 3  
E e 2 0 3  
C a O  

SO3 
N a Z O  
K 2 0  
Ti 0 2  
P 2 0 5  
MnZ03 
S r O  
L . O .  I ,  

MgO 

---------- 
TOTAL 

2 5 . 3 0  
4 . 5 4  
3 . 2 2  

4 . 0 9  
. l o  
. 2 1  
. 5 5  
. 2 8  
. 0 7  
. 0 8  
.10 
. 5 2  

9 9 . 7 2  

60.68 

--I-- 

2 5 . 5 3  
4 . 6 1  
3 . 1 1  

6 0 . 7 8  
4 . 1 4  

. 1 2  

. 1 9  

. 3 4  
. 2 8  
. 0 7  
. 0 8  
. 1 0  
. S 8  

9 9 . 9 3  
----- 

2 5 . 6 0  
4 .  6 4  
3.24 

6 1 .  0 5  
4 . 1 2  

. 1 3  

. 1 7  

. 2 1  

. 2 8  

. 0 7  
+ 0 8  
. 1 0  
. 6 0  

1 0 0 . 2 9  
- * - - -  

Tota l  Alkilirs LJ NatO . 5 7  .42 . 3 2  

Insolubfr Rcsidoc 

Free CaO 

CALCULATED COMPOUNDS (per ASTM C 1 9 0 - 8 5 a )  

c3s 1 7  
c2s 6 0  
C 3 A  8 
C I A F  1 0  
ss(C4AF+C2F ) 0 

1 5  
62 

8 
9 
0 

1 6  
6 1  

8 
1 0  

0 

NOTES: 1 .  This analysis represents s p e c i f i c a l I y  the sample(s) identified a b o v e .  
2 .  Samples f o r  oxide anaiyris w e r e  fused at 1000 C w i t h  L i Z B 4 0 7 .  
3 .  Original data stored o n  diskette 'FD27' in file ' X F 0 7 2 5 8 9 . A O 2 ' .  
4. X-Ray Fluorescence o x i d e  analysis m e e t s  the precision and accuracy 

requirements f o r  rapid methods per ASTM C 1 1 4 - 8 5 .  Most recent 
re-qualification date is 3 February 1 9 8 8 .  

compounds are calculated. 
5 .  V a l u e s  f o r  T i 0 2  and P205 a r e  a d d e d  t o  A 1 2 0 3  w h e n  t h e  cement 
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CONSTRUCTXON TECHNOLOGY L A E Q R A T O R I E S  ~ N C  
5 4 2 0  OLD ORCHARD ROAD, SKOKIE, If. 60077-1030 Phone: ( 3 1 2 )  965-?50( 
T e l e x :  9 1 0 2 4 0 1 5 6 9  CTL.SK0 T e l e f a x :  ( 3 1 2 )  965-4541 Easylink: 6 2 2 0 0 1 7  

PROJECT N o . :  400800 DATE ANALYZED: 0 7  1 2 5  I a 
CLIENT: MPC OF P C A  ANALYST:+& 
SAMPLES SUBMITTED B Y :  DR.P.B.WEST C H E C K E D  BY:yTb& 

CHEMICAL ANALYSIS 

, ( a l l  values a r e  w e i g h t  percent) 

Client's N o , :  N O B Y - ~ O M  H ~ 0 8 9 - 2 a ~  K ~089- OM M 
CTL's N o .  : N 0 8 9  N 089 N 089 

ANALYTE 

SiO2 
A 1 2 0 3  
Fe203 

. C a O  

SO3 
N a 2 Q  
KZO 
T i 0 2  
P Z O 5  
Mn203 
SrO 
t . 0 . I .  

M g O  

TOTAL 

2 4 . 5 2  
4 . 6 2  
3 .  1 4  

5 9 . 9 0  
4 . 1 2  
1 . 5 9  

. 2 5  
1 . 1 3  

. 2 7  , 

. 0 9  

. 1 0  

. 3 5  

. o a  

-I--- 

1 0 0 . 1 7  

2 4 . 7 1  
4 . 6 ?  
3 . 1 6  

6 0 . 2 5  
4 . 1 3  
1 . 3 5  

. 2 3  
. 8 7  
. 2 8  
. 0 9  

. 1 0  
. 3 8  

1 0 0  * 3 2  

. o a  

----- 

24.94 
4 . 7 7  
2.82 

6 0 .  7 6  
4 . 1 6  
1 . 0 0  

. 2 1  

. 6 5  

. 2 8  

. 0 8  

. 1 0  

. 3 4  

1 0 0 . 1 9  

. o a  

---*I 

Total  Alkalies as NalO 1 . a0 . a o  . 6 4  

Insoluble Rcsidue 

Frtc CaO 

CALCULATED COMPOUNDS ( p e r  ASTM C 1 5 0 - 8 5 a )  

C 3 S  1 5  
C Z S  5 9  
C 3 A  8 
C 4 A F  9 
ss(C4AF+C2F) 0 

16 
5 9  

8 
10 

0 

1 7  
5 9  

9 
9 
0 

NOTES: 1 .  This analysis r e p r e s e n t s  specifically the sampIe(s) i d e n t i f i e d  a b o v e .  
2 .  S a m p l e 5  f o r  o x i d e  a n a l y s i s  w e r e  fused at 1000 C w i t h  Li2B407. 
3 .  Original data stored an diskette 'FD27' in file 'XF072589.AO3'. 
4 .  X-Ray F l u o r e s c e n c e  oxide a n a l y s i s  meets t h e  p r e c i s i o n  and accuracy 

requirements f o r  rapid methods p e r  ASTM C 114-85. Most recent 
re-qualification date is 3 F e b r u a r y  1 9 8 8 .  

compound9 are c a l c u l a t e d .  
5 .  Values f o r  T i 0 2  and P205 are a d d e d  to A 1 2 0 3  when t h e  cement 
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c 
5 4  
Te 

0 
2 0  
I e  

N S T R W C T I Q N  T E C H N Q f l . O G Y  L A B O R A T O R I E S  I N C  
OL D  ORCHARD R O A D ,  SKOKIE, IL 60077-1030 Phone: ( 3 1 2 )  9 6 5 - 7 5 0 1  

x :  P102401569 CTL.SKQ Telefax: (322) 965-4541 Easylink: 6220017 

PROJECT No. : 4 0 0 8 0 0  DATE ANALYZED: 0 7 1 2 u a  
CLIENT: MPC OF P C A  
SAMPLES SUBMITTED B Y :  DR.P.B.WEST 

CHEMICAL ANALYSIS 
- - - - - _ - - - - - - - - 1 - - - - - I - - - - - - - - - - -  

, ( a 1 1  value5 a r e  weight percent) 

Client's N o . :  PDMS43-10M PDM543-20M PDM543-30M 
CTL's No. : PDM543-10M PDM543-20M FDM543-30M 

ANALYTE 

Si02 
Al2Q3 
F @ 2 0 3  
C a Q  

SO3 
N a Z Q  
K 2 0  
Ti02 
P205 
Mn203 
SrO 
L . Q . I .  

M g Q  

TOTAL 

21.67 
3 . 9 2  
3 . 0 4  

4 3 . 4 8  
4.74 
. 1 2  
.21 
. 4 5  
. 2 3  
. l o  
. 0 9  
. 0 2  
.74 

9 9 . 6 2  

----I 

21.64 
3 . 9 2  
3.83 

6 3 . 4 3  
4.75 
. 1 4  
. 1 8  
. 2 5  
. 2 3  
. l o  
. 0 9  
. 0 2  
. 6 3  

99.21 
----- 

21 . 7 2  
3 . 9 9  
3 . 8 3  

6 4 .  03 
4 . 7 9  
. 1 2  
.17 
. l l  
. 2 3  
. 1 0  
. 0 9  
. 0 2  
+ 5 8  

9 9 . 8 0  

T o t a l  Alkalies a5 NaZO * 5 0  . 3 4  . 2 5  

inso Inb Ic Rcs i due 

CALCULATED COMPOUNDS ( p e r  ASTM C 1 5 0 - 8 5 a )  

c 3 s  5 9  
c2 s 1 0  
C 3 A  5 
C4 A F  12 
s f i ( C 4 A F + C Z F )  0 

60 
17 
5 

12 
0 

61 
16 

5 
12 
0 

NOTES: 1 .  T h i s  analysis represents specificaIIy the sampIe(s) identified above. 
2 .  Samples f o r  oxide anafysis w e r e  fu5ed at 1000 C w i t h  LiZB407. 
3 .  Original data stored on diskette 'FD27' in file 'XFO72689.AO3'. 
4 ,  %-Ray  FZuortscence oxide analysis meets t h e  precision and accuracy 

requirements f a r  r a p i d  methods p e r  ASTM C 1 1 4 - 8 5 .  nost recent 
re-qualification d a t e  is 3 February 1988. 

compounds a r t  cafculated. 
5 .  V a l u e s  f o r  T i 0 2  and P2OS a r e  added to A X 2 0 3  w h e n  the cement 
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CaNSTRUCTIoN T E C H N O L O G Y  L A B o R A T o R I E S  I N C  
5 4 2 0  OLD O R C H A R D  ROAD, SKOKIE, IL 4 0 0 7 7 - 1 0 3 0  P h o n e :  ( 3 1 2 )  965-750- 
T e l e x :  7102401569 CTL.SKO T e l e t a x :  ( 3 1 2 )  965-6541 Easylink: 6 2 2 0 0 1 7  

PRQYECT No.: 400800 
C L I E N T .  M P C  OF P C A  
S A M P L E S  SUBMITTED B Y :  DR.P.B.WEST 

DATE ANALYZED: 0 7 1 2 6 1  
ANALYST: 
CHECKED 

' 

CHEMI CAL A N A L Y S I S  

Client's No.: *PDMS37-10M *PDM537-20M FDMS37-30M 
CTL's No. : PDM537-10M PDM537-20M PDMS37-30M 

ANALYTE 

Si02 
A 1 2 0 3  
F e Z Q J  

- C a O  

S O 3  
N a 2 O  
K 2 0  
Ti02 
P20S 
MnZ03 
S r O  
L . 0 .  I .  

MgO 

_ _ _ _ _  - - -__  
TOTAL 

2 1 . 4 3  
3 . 7 7  
3 . 0 7  

6 5 .  9 9  

. 0 8  

. 1 7  

. 2 5  

. 2 4  

.07 
- 0 6  
. 0 7  
. 7 2  

2 . 8 5  

9 8 . 7 8  

2 1 . 3 0  
3 . 8 8  
3.08 

66 .04 
2 . 8 8  

. O ?  

. 1 3  
. 0 9  
. 2 5  
. 0 6  
.06 
.07 
. 6 8  

9 8 . 4 3  
---I_ 

2 1 . 7 2  
3 . 9 1  
3 . 0 5  

6 6 .  8 9  
2 . 9 0  
. 1 0  
. 1 2  
* 03 
. 2 9  
. 0 6  
. 0 6  
. 0 7  
. 5 2  

99.69 
I---- 

T o t a l  4 I k a l i e r  as Ha20 . 3 3  . 1 9  .14 

Insoluble Rtsidua 

Free CaO 

* Data unacceptable, disks relapped; see report dated 7/27/89 
CALCULATED COMPOUNDS ( p e r  ASTM C 1 5 0 - 8 5 a )  

c3s  7 4  74 
C 2 S  4 S 
C 3 A  4 6 
C 4 A F  9 9 
sStCqAF+CZF) 0 0 

7 4  
6 
4 
9 
0 

N OTES: 1 .  This analysis represents s p e c i f i c a l I y  the s a m p l e t s )  identified a b o v e .  
2 .  Samples f o r  o x i d e  anaIysis w e r e  fused at 1000 C w i t h  Li2B407. 
3 .  Original d a t a  stored on diskette 'FD27' in file ' X F 0 7 2 6 8 9 . A o Z ' .  
4 .  X-Ray  FIuorescrnce oxide anaIysir m e e t s  the precision and a c c u r a c y  

r e q u i r e m e n t s f o r  r a p i d  m e t h o d s  p e r  ASTM C 1 1 4 - 8 5 .  Most recent 
re-qualification d a t e  is 3 February 1988. 

compounds are c a l c u l a t e d .  
5 .  V a I u e s  f o r  Ti02 and P205 are added to A 1 2 0 3  w h e n  the cement 
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C O N S T R U C T I O N  T E C H N O L O G Y  L A B O R A T O R I E S  I N C  
5420 OLD O R C H A R D  ROAD, SKOKSE, I L  6 0 0 7 7 - i o 3 0  Phone: (312) 9 6 5 - 7 5 0 :  
T e l e x :  ?lo2401569 CTL-SKO T e l e f a x :  (312) 9 6 5 - 4 5 4 1  Easy1 i n k :  622001 7 

PROJECT No. : 4 0 0 8 0 0  
CLIENT: MPC OF P C A  
SAMPLES SUBMITTED BY: DR.P.B.WEST 

Client's No.: *PDM547-20M PDM547-30M 
CTL's No. : PRMS47-20M PDM547-30M 

ANALYTE 

SiO2 
A 1 2 0 3  
F e z 0 3  
C a O  
M9Q 
SO3 
N a 2 0  
K 2 0  
Ti 0 2  
P205 
MnZQ3 
S r Q  
L . Q . I .  ---------- 

TOTAL 

2 1  . 5 8  
4 . 0 1  
3.94 

6 3 . 6 3  
4 . 6 9  
.04 
. 0 4  
. 0 9  
. 1 9  
.04 
. 1 1  
. 0 4  
. 5 0  

9 8 . 9 0  

----- 

21.68 
3 . 9 6  
3 . 3 5  

6 4 . 3 3  
4 . 8 3  

. 0 5  

. 0 4  

. 0 2  

. 2 0  

. 0 4  

.10 
. 0 4  
.s3 

9 9 . 1 7  

----- 

Total  Alkalies as Nil0 * 1 0  . o s  

Inso I ob I c Ras i doc 

Free CaO 

*Data unacceptable, d i s k s  relapped; see report dated 7/27/89 
CALCULATED COMPOUNDS ( p e r  ASTM C 1 5 0 - 8 5 a )  

C 3 5  6 1  
C 2 5  14 
C 3 A  5 
C 4 A F  1 2  
ss(C4AF+CZE) 0 

44 
t 4  

5 
1 0  

0 

CHECKED 

NOTES: 1 .  T h i s  analysis represents specificaIly the rample(s) identified a b o v e .  
2 .  Samples f o r  o x i d e  analysis w e r e  fused at 1000 C with Li2B407. 
3 .  Original d a t a  stored o n  d i s k e t t e  'FD27' in f i l e  'XF072689.AO4'. 
4 .  X-Ray Fluorescence o x i d e  analysis m e e t s  the precision and accuracy 

requirements f o r  r a p i d  methods per ASTM C 1 1 4 - 8 s .  Most recant 
re-qualification date is 3 F e b r u a r y  1 9 8 8 .  

compounds are calculated. 
5 .  Valuer f o r  T i 0 2  and PZ05 are added to A1203 when the cement 
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CONSTRUCTION TECHNOLOGY L A B O R A T O R I E S  X N C  
5420 OLD ORCHARD ROAD, SKQKIE, IL 60077-1030 Phone: (312) 9 6 5 - 7 S O i  
T e l e x :  9 1 0 2 4 0 1 5 6 9  CTL.SKO T e l e f a x :  ( 3 1 2 )  965-6541 Easy link: 6 2 2 0 0  17 

PROJECT N O .  : 400800 DATE ANALYZED: 0712718 
CLIENT: MPC OF PCA 
SAMPLES SUBMITTED BY: D R . P . B . W E S T  C H E C K E D  

CHEMICAL ANALYSIS 

, ( a 1 1  v a l u e s  a r e  weight percent) 
------l-----------f---------- 

CIient's No.: 
CTL's No. : q D M 5 3 7 - 1 0 M  *PDM537-20M PDMS47-10M *PDMS47-20M 

ANALYTE 

s102 
A 1 2 0 3  
F e 2 0 3  
C a O  
MgO 
SO3 
Na20 
K 2 0  
Ti 0 2  
P205 
Mn203 
s rO 
L . O .  I .  

-----I---- 

TQTAL 

2 1 . 7 2  
3 . 8 1  
3 . 0 5  

4 5 . 9 9  
2 . 8 6  
.09 
. 1 4  
. 2 9  
. 2 5  
.07 
. 0 6  
. 0 7  
. 7 2  

9 9 . 0 8  
----- 

21.60 
3.75 
3 . 0 7  

6 5 . 6 8  
2 . 8 5  

. 1 0  

. 1 1  
. O ?  
. 2 5  
.06 
. 0 6  
. 0 7  
.68 

*---- 

9 8 . 3 9  

2 1 . 5 3  
3 . 9 3  
3 . 7 2  

62.76 
4.60 

. 0 5  

.04 
1 1 8  
I19 
I 0 4  
.10 
. 0 4  

2 . 1 3  

9 9 . 3 1  

I---- 

21.92 
3 . 9 9  
3 . 8 9  

6 3 .  9 5  
4.76 

. 0 5  

.03 

. 0 9  

.20 

. 0 4  

. 1 0  
. 0 4  
. 5 0  

99.57 

t o t a l  Alkrlics as NaZ0 . 3 0  . 1 8  . 1 6  . 0 9  

Inro luble  Re6 i due 

Free CaO 

*Data from relapped d i s k s  replaces data from 7/26/89 
C A L C U L A T E D  COMPOUNDS (per ASTM C 1 5 0 - 8 5 a )  

c3s  7 2  
c2s  8 
C 3 A  6 
C 4  A F  9 
E S  ( C 4 A F + C Z F )  0 

71 
8 
6 
9 
0 

59 
17 ' 

5 
1 1  

0 

60 
1 8  

5 
12 

0 

NOTES: 1 .  This analysis represents specificaIIy the sampIe(5) identified a b o v e .  
2 .  Samples f o r  o x i d e  analysis w e r e  fused a t  1000 C with LiZB407. 
3 .  Original d a t a  stored on diskette 'FD27' in file 'XF072789.AO3'. 
4 .  X-Ray Fluorescence o x i d e  a n a l y s i s  meets t h e  precision and a c c u r a c y  

requirements f o r  r a p i d  methods per ASTM C 114-85. Most r e c e n t  
re-quaiification d a t e  is 3 F e b r u a r y  1988. 

compounds a r e  c a l c u I a t e d .  
5 .  V a l u e s  f o r  Ti02 and P205 a r e  added to A 1 2 0 3  when t h e  cement 
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5420 Old Orchard Road, Skokie, Illinois 60077-1030 
Phone: 708/965-7500 Fax: 7081965-6541 

Client: PCA CTL Project No.: 407105 
P r o j e c t :  Cement a n a l y s i s  CTL Proj.  Mgr.: J. B. Delles 
Submi t t e r :  D r .  P r e s b u r y  West, CTL Analys t :  Don Bro ton  

Date: 8/27/91 

REPORT O F  CHEMICAL ANALYSIS 

Client's Sample ID: DKF-03 
CTL Sample ID: 703744 

A n a l y t e  

Si02 
A 1 2 0 3  
Fe203 
CaO 

SO3 
N a 2 0  
K20 
Ti02 
P205 
Mn203 
S r O  
L O 1  
T o t a l  

4 0  

A l k a l i e s  as N a 2 0  

Weight !4 

21.18 
4.24 
2.69 
64.81 
3.73 
0.86 
0.78 
0.24 
0.23 
0.15 
0.76 
0.05 
0.45 

100.17 

0.94 

C a l c u l a t e d  Compounds per ASTM C 150-89 

c3s 65 
c2s 11 
c34 8 
C4AF 8 
ss(C4AF + C2F)  -A- 

Notes: 1. This  a n a l y s i s  r e p r e s e n t s  s p e c i f i c a l l y  the sample  submi t ted .  
2. O x i d e  a n a l y s i s  by X-ray f l u o r e s c e n c e  s p e c t r o m e t r y .  Samples 

f u s e d  a t  1000 C w i t h  Li2B407. 
3. Values  f o r  T i 0 2  a n d  P205 are added  t o  t h e  A1203 when t h e  

compounds are c a l c u l a t e d ,  i n  a c c o r d a n c e  w i t h  ASTM C 150. 
4. X-Ray F l u o r e s c e n c e  o x i d e  a n a l y s i s  meets t h e  p r e c i s i o n  and 

a c c u r a c y  r e q u i r e m e n t s  f o r  r a p i d  methods  p e r  ASTM C 114-89. 
Most r e c e n t  r e - q u a l i f i c a t i o n  date is 22 August 1991. 

Construction Technology Lab0 toriea, Inc. skokk LOS ~ngoles Seattldwrna 
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CTL 
5420 Old Orchard Road, Skokie, Illinois 60077-1 030 
Phone: 7081965-7500 Fax: 7081965-6541 

Client :  PCA C T L  Project No.: 407105 
P r o j e c t :  Cement a n a l y s i s  CTL Proj.  Mgr.: J. €3. Delles 
Submi t t e r :  D r .  P r e s b u r y  West, C T L  Analyst :  Don Bro tan  

Approved: J. B. Delles 
Date: 8/27/?1 

REPORT O F  CHEMICAL ANALYSIS 

C l i e n t ' s  Sample ID: DKF-04 
CTL Sample ID: 903795 

A n a l y t e  

Si02 
A1203 
Fe203 
CaO 
MgO 
SO3 
Na20 
K20 
T i 0 2  
P205 
Mn203 
S r O  
LO1 
Total  

A l k a l i e s  as Na20 

C a l c u l a t e d  Campounds p e r  RSTM C 150-89 

CJS 
c2s 
C 3 A  
C4AF 
ss(C4AF .+ C 2 F )  

Weight % 

21.65 
3.85 
2.97 
66.61 
2.80 
0.49 
0.70 
0.07 
0.25 
0.06 
0.06 
0.07 
0.23 

99.83 

0.75 

73 
7 
6 
9 --- 

Notes:  1. T h i s  a n a l y s i s  represents s p e c i f i c a l l y  t h e  s ample  submi t ted .  
2. Oxide a n a l y s i s  by X-ray f l u o r e s c e n c e  s p e c t r o m e t r y .  Samples 

fused a t  1000 C w i t h  Li2B407. 
3. Values f o r  T i 0 2  a n d  P205 are added t o  t h e  A 1 2 0 3  when t h e  

campounds are c a l c u l a t e d ,  i n  a c c o r d a n c e  wi th  ASTM C 150. 
4. X-Ray F l u o r e s c e n c e  oxide  a n a l y s i s  m e e t s  the p r e c i s i o n  a n d  

a c c u r a c y  r e q u i r e m e n t s  f o r  rap id  methods  p e r  ASTM C 114-89. 
Most r e c e n t  r e - q u a l i f  i c a t i o n  d a t e  is 22 Augus t  1991. 



CTL 
5420 Old Orchard Road, Skokie, Illinois 60077-1 030 
Phone: 7081965-7500 Fa: 7081965-6541 

Client: PCFI C T L  P r o j e c t  No.: 407105 
P r o j e c t :  Cement a n a l y s i s  C T L  Proj.  Mgr.: J. B. Delles 
Submit te r :  D r .  P r e s b u r y  West, C T L  Analys t :  Dan Broton  

Approved: J. B. D e U e s @ b  
Date: 8/27/?1 

REPORT O F  CHEMICAL ANALYSIS 

Client's' Sample ID: D K F - 0 5  
CTL Sample ID: 903796 

A n a l y t e  

Si02 
A 1 2 0 3  
Fe203 
CaO 
MgO 
SO3 
Na20 
K 2 0  
T i 0 2  
P205 
Mn203 
S r O  
L O 1  
T o t a l  

A l k a l i e s  as Na20 

C a l c u l a t e d  Compounds p e r  ASTM C 150-89 

CJS 
c2s 
C 3 A  
C4AF 
ss(C4AF + C2F) 

Weioh t % 

22.15 
3.78 
2.80 

67.51 
1.43 
0.35 
0.72 
0.01 
0.23 
0.13 
0.05 
0.04 
0.51 

99.72 

0.72 

74 
8 
6 
9 

--- 

Notes: 1. T h i s  a n a l y s i s  r e p r e s e n t s  s p e c i f i c a l l y  t h e  sample  submi t ted .  
2. Oxide a n a l y s i s  by X-ray f l u o r e s c e n c e  s p e c t r o m e t r y .  Samples 

fused at 1000 C with Li28407. 
3. V a l u e s  f o r  T i 0 2  and P205 are  added t o  the A 1 2 0 3  when the 

compounds are c a l c u l a t e d ,  i n  a c c o r d a n c e  w i t h  ASTM C 150. 
4. X-Ray F l u o r e s c e n c e  ox ide  a n a l y s i s  meets t h e  p r e c i s i o n  a n d  

a c c u r a c y  r e q u i r e m e n t s  f o r  r a p i d  methods per ASTM C 114-89. 
Most r e c e n t  r e - q u a l i f  i c a t i o n  date is 22 August 1991. 
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5420 Old Orchard Road, Skokie, Illinois 60077-1 030 
Phone: 700/965-7500 Fax: 708/965-6541 

Client:  PCA CTL P r o j e c t  No.: 407105 
Project: Cement a n a l y s i s  CTL Proj. Mgr.: J. €3. Delles 
Submit te r :  Dr. P r e s b u r y  West, CTL Flnalyst: Don Broton  

Approved: J. B. Delles 
D a t e :  8/27/91 

REPORT O F  CHEMICAL A N A L Y S I S  

C l i e n t ' s  Sample ID: DKF-06 
CTL Sample ID: 903797 

Analyte 

Si02 
A 1 2 0 3  
Fe203 
CaO 
MgO 
SO3 
N a 2 0  
K 2 0  
T i 0 2  
P205 
Mn203 
SrO 
LO1 
T o t a l  

Alkalies as  Na20 

C a l c u l a t e d  Compounds per A S T M  C 150-89 

c3s 
c2s 
C 3 A  
C4AF 
s d C 4 A F  + C2F) 

Weight X 

21.57 
3.88 
3.76 

64.03 
4.61 
0.52 
0.78 
0.10 
0.23 
0.11 
0.10 
0.02 
0.12 

W.82 

0.84 

42 
15 
5 
11 

Notes: 1. This a n a l y s i s  represents s p e c i f i c a l l y  t h e  sample  submitted. 
2. Oxide a n a l y s i s  by X-ray f l u o r e s c e n c e  s p e c t r o m e t r y .  Samples 

fused a t  1000 C with L i 2 B 4 0 7 .  
3. Values for Ti02 and P205 are added t o  the F11203 w h e n  the 

compounds are c a l c u l a t e d ,  i n  a c c o r d a n c e  with ASTM C 150. 
4. X-Ray F l u o r e s c e n c e  oxide a n a l y s i s  m e e t s  t h e  p r e c i s i o n  and 

a c c u r a c y  r e q u i r e m e n t s  for r a p i d  methods p e r  ASTM C 114-89. 
Mo5t  r e c e n t  r e - q u a l i f  i c a t i o n  d a t e  is 22 Augus t  1991. 
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5420 Old Orchard Road, Skokie, Illinois 60077-1030 
Phone: 7081965-7500 Fax: 7081965-65441 

Client: PCA CTL Pro jec t  No.: 407105 
Project: Cement ana lys i s  CTL Proj .  Mgr.: J. B. D e l l e s  
Submitter: D r .  Presbury West, C T L  Analyst: Dan Rratan 

Approved: J. B. Delles 
Date: 8/27/91 

REPORT OF CHEMICAL ANALYSIS 

C l i e n t ' s  'Sample ID: DKF-07 
CTL Sample ID: 903798 

Analyte 

Si02 
A1203 
Fe203 
CaO 
MgO 
SO3 
Na20 
K 2 0  
T i 0 2  
P205 
Mn203 
SrO 
LO1 
T o t a l  

Weight X 

21.60 
3.91 
3.85 

64.26 
4.62 
0.22 
0.58 

eo.01 
0.20 
0.04 
0.10 
0.05 
0.29 
99.70 

A l k a l i e s  a s  Na20 0.57 

Calculated Compaunds par CISTM C 150-89 

c3s 
c2s 
c3CI 
C4hF 
ss(C4hF + C2F) 

63 
14 
4 

12 --- 

Notes: 1. This ana lys i s  r e p r e s e n t s  spec i f i ca l ly  the  s a m p l e  submitted. 
2. Oxide a n a l y s i s  by X-ray f luorescence  spectrometry. S a m p l e s  

fused at 1000 C w i t h  L i 2 B 4 0 7 .  
3. Values for T i 0 2  and P205 are added to t h e  A 1 2 0 3  when the 

compounds are calculated, in accordance with ASTM C 150. 
4. X-Ray Fluorescence oxide  ana lys i s  meets the precision and 

accuracy requirements f o r  rapid methods p e r  ASTM C 114-89. 
Host recent re-qualification date is 22 CIugust 1991. 

Construction Technology Laboratories, Inc. - skokie LOS SeatHwlacorna 
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5420 Okl Orchard Road, Skokie, Illinois 60077-1 030 
Phone: 7081965-7500 Fax: 7081965-6541 

Client:  PCA C T L  Projec t  No.: 407105 
Project: C e m e n t  a n a l y s i s  CTL Proj. Mgr.: J. B. Delles 
Submitter: Dr. Presbury  West, CTL Analyst:  Don Broton 'b 

Approved: J. 8. Delles 
Date: 8/27/91 

REPORT OF CHEMICAL ANALYSIS 

C l i e n t ' s  Sample ID: DKF-08 
CTL Sample ID: 903799 

Analyte  

Si02 
A 1 2 0 3  
Fe203 
CaO 
MgO 
SO3 
N a 2 0  
K 2 0  
T i 0 2  

' P205 
Mn203 
SrO 
LO1 
Total 

A l k a l i e s  a s  Na20 

Weight % 

25.24 
4.54 
3.17 

60.88 
4.04 
0.64 
0.88 
0.11 
0.29 
0.08 
0.08 
0.11 
0.10 

100.19 

0.95 

Calculated Compounds per FISTM C 150-89 

c3s 17 
c2s 60 
C 3 A  8 
C4AF 1 0  
5 s K 4 A F  + C2F) --- 

Nates: 1. This a n a l y s i s  r e p r e s e n t s  s p e c i f i c a l l y  the sample submitted .  
2. Oxide a n a l y s i s  by X-ray f l u o r e s c e n c e  spectrometry. Samples 

f u s e d  at 1000 C with L i 2 B 4 0 7 .  
3. Values f o r  Ti02 and P 2 0 5  are added to the A 1 2 0 3  when t h e  

compounds are c a l c u l a t e d ,  in accordance  w i t h  ASTM C 150. 
4. X-Ray Fluorescence oxide a n a l y s i s  meets t h e  precis ion and 

accuracy requirements  for  rapid methods p e r  ASTM C 114-89. 
Most r e c e n t  re -qua l i f  ication d a t e  is 22 August 1991. 

Construction Technology Laboratorlee, Ine. skdrk LOS m g d ~ ~  -seatwraeoma 
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Phone: 7081965-7500 Fax: 7081965-6541 

Clien t :  MPC C T L  P r o j e c t  No.: 407105 
Project:  Cement a n a l y s i s  C T L  Proj.  Mgr.: D r .  West 
Submi t t e r :  Dt. P r a s b u r y  West Analys t :  Don Bro ton  

Approved: J. B. Delles 
D a t e :  9/12/91 

REPORT O F  CHEMICAL A N A L Y S I S  

C l i e n t ' s  Sample ID: DKF 09 
CTL Sample ID: 903855 

Analvte  

Si02 
A1203 
Fe203 
CaO 

SO3 
Na20 
K 2 0  
T i 0 2  
P 2 0 5  
Mn203 
S r O  

MgO 

LO1 
Total  

A l k a l i e s  as Na20 

C a l c u l a t e d  Compounds per ASTM C 150-89 

C3B 
c2s 
CJA 
C4AF 
s s ( C 4 A F  + C2F)  

Weight !4 

20.88 
4.16 
2.68 
65.48 
3.79 
1.04 
0.15 
0.90 
0.22 
0.16 
0.73 
0.05 
0.37 

100.60 

0.74 

71 
7 
7 
8 

Notes: 1. T h i s  a n a l y s i s  r e p r e s e n t s  s p e c i f i c a l l y  t h e  sample submi t ted .  
2. Oxide a n a l y s i s  by X-ray f l u o r e s c e n c e  s p e c t r o m e t r y .  Samples 

fused a t  1000 C with Li2B407. 
3. V a l u e s  f o r  T i 0 2  a n d  P 2 0 5  are added t o  the A 1 2 0 3  when t h e  

compounds are c a l c u l a t e d ,  i n  accordance with M T M  C 150. 
4. X-Ray F l u o r e s c e n c e  oxide a n a l y s i s  m e e t s  the precision and 

a c c u r a c y  r e q u i r e m e n t s  f o r  r a p i d  methods  per ASTM C 114-89. 
Most r e c e n t  r e - q u a l i f i c a t i o n  date is 22 Augus t  1991. 

Conmtructlon Technology hboratorles, Inc. .8kdrk . -semnwT-ma 
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5420 Old Orchard Road, Skokie, Illinois 600Tf-1030 
Phone: 7081965-7500 Fax: 7081965-6541 

Client:  MPC C T L  P r o j e c t  No.: 407105 
Pro jec t :  Cement a n a l y s i s  C T L  Proj. Mgr.: D r .  West 
Submit te r :  D r .  P r e s b u r y  West Analys t :  Don Broton  

Approved: J. B. D e l l e  
Date: 7/12/91 

REPORT O F  CHEMICAL ANALYSIS 

C l i e n t ' s  Sample ID: D K F  10 
CTL Sample ID: 903856 

Analy te  

Si02 
A1203 
Fe203 
CaO 
MgO 
SO3 
N a 2 0  
K 2 0  
T i 0 2  
P 2 0 5  
Mn203 
S r O  
LO1 
T o t a l  

A l k a l i e s  as Na20 

C a l c u l a t e d  Compounds per  ASTM C 150-89 

c3s 
c2s 
C3A 
C4AF 
ss(C4tAF + C2F) 

Weiah t X 

21.63 
3.77 
2.89 

67.01 
2.79 
0.82 
0.11 
0.77 
0.24 
0.06 
0.06 
0.07 
0.35 

100.59 

0.62 

75 
b 
6 
9 --- 

Notes: 1. T h i s  a n a l y s i s  r e p r e s e n t s  s p e c i f i c a l l y  t h e  sample  submi t ted .  
2. O x i d e  a n a l y s i s  by X-ray f l u a r e s c e n c e  s p e c t r o m e t r y .  Samples 

f u s e d  at 1000 C with Li2B407. 
3. V a l u e s  f o r  T i 0 2  a n d  P205 are added t o  t h e  61203 when t h e  

compounds are c a l c u l a t e d ,  i n  a c c o r d a n c e  w i t h  ASTM C 150. 
4. X-Ray F l u o r e s c e n c e  oxide a n a l y s i s  meets the p r e c i s i o n  a n d  

a c c u r a c y  r e q u i r e m e n t s  f o r  r a p i d  methods per ASTM C 114-89. 
M o s t  r e c e n t  r e - q u a l i f i c a t i o n  date is 22 August  1991. 
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(TL 
5420 Old Orchard Road, Skokie, Illinois 80077-1 030 
Phone: 7061965-7500 Fax: 7081965-6541 

Clien t :  MPC CTL Project No.: 407105 
Project: Cement a n a l y s i s  C T L  Proj. Mgr.: D r .  West 
Submit te r :  Dr. Presbury West Analys t :  Don Bro ton  

Approved: J. B. D e l l e s  
Date: 9/12/91 

REPORT OF CHEMICAL ANALYSIS 

C l i e n t ' s  Sample ID: DKF 11 
CTL Sample ID: 903857 

A n a l y t e  Weight X 

Si02 
A 1 2 0 3  
Fe203 
CaO 

SO3 
Na20 
K20 
T i 0 2  

' P205 
Mn203 
SrO 
LO1 
Tatal  

MgO 

22.30 
3.85 
2.74 

68.24 
1.41 
0.43 
0.17 
0.34 
0.23 
0.14 
0.06 
0.04 
0.44 

100.38 

Alkalies as N a 2 0  0.40 

C a l c u l a t e d  Compaunds p e r  ASTM C 150-89 

c3s 
c2s 
C J A  
C 4 A F  
ss (C4AF 4 C2F)  

75 
7 
7 
8 -__ 

Notes: 1. This a n a l y s i s  r e p r e s e n t s  s p e c i f i c a l l y  t h e  s a m p l e  submi t ted .  
2. O x i d e  a n a l y s i s  by X-ray f l u o r e s c e n c e  s p e c t r o m e t r y .  Samples  

fused a t  1000 C with Li2B407. 
3. Values f o r  T i 0 2  and P205 are added  t o  the A 1 2 0 3  when the 

compounds are c a l c u l a t e d ,  i n  a c c o r d a n c e  w i t h  ASTM C 150. 
4. X-Ray Fluorescence oxide a n a l y s i s  meets t h e  p r e c i s i o n  and  

accuracy r e q u i r e m e n t s  f o r  r a p i d  methods p e r  ASTM C 114-89. 
Most r e c e n t  r e - q u a l i f  ication date is 22 August 1971. 
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Phone: 7081965-7500 Fax: 7081965-6541 

Client:  MPC CTL Project No.: 407105 
P r o j e c t :  Cement a n a l y s i s  CTL Pro j .  Mgr.: D r .  West 
Submit te r :  D r .  P r e s b u r y  W e s t  Analyst:  Don Broton  

Approved: J. B. Delles 
Date: ?/12/91 

REPORT O F  CHEMICAL ANALYSIS 

Client's Sample ID: D K F  12 
C T L  Sample ID: 903858 

Analy te  

S i O 2  
A1203 
Fez03 
CaO 
MgO 
SO3 
Na20 
K 2 0  
T i 0 2  

' P205 
Mn203 
SrO 
L O 1  
Tota l  

A l k a l i e s  as Na20 

Weight X 

21.24 
3.85 
3.68 

63.19 
4.58 
1.35 
0.20 
1.36 
0.23 
0.11 
0.07 
0.02 
0.22 

100.12 

1.09 

C a l c u l a t e d  Compound.; p e r  ASTM C 150-89 

c3s 59 
c25 17 
C3A 5 
C 4 A F  11 
ss(C4AF + C2F)  --- 

Notes: 1. T h i s  a n a l y s i s  r e p r e s e n t s  s p e c i f i c a l l y  t h e  sample  submi t ted .  
2. Oxide a n a l y s i s  by X-ray f l u o r e s c e n c e  s p e c t r o m e t r y .  Samples 

f u s e d  a t  1000 C with Li2B407. 
3. Values f o r  T i 0 2  and P2OS are added t o  t h e  A 1 2 0 3  when the 

compounds are c a l c u l a t e d ,  i n  a c c o r d a n c e  with ASTM C 150. 
4. X-Ray F l u o r e s c e n c e  oxide a n a l y s i s  meets the p r e c i s i o n  a n d  

a c c u r a c y  r e q u i r e m e n t s  for r a p i d  methods per ASTM C 114-89. 
M a s t  r e c e n t  r e -qua l i f  i c a t i o n  d a t e  is 22 Augus t  1991. 

_. 
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CTL 
5420 Old Orchard Road, Skokie, Illinois 60077-1 030 
Phone: 7081985-7500 Fax: 7081965-6541 

Clien t :  MPC CTL P r o j e c t  No.: 407105 
Project: Cement a n a l y s i s  CTL Proj. Mgr.: D r .  West 
Submi t t e r :  Dr. P r e s b u r y  West Analys t :  Dan Bro ton  

Approved: J. B. Delles 
Date: 9/12/91 

REPORT O F  CHEMICAL ANALYSIS 

C l i e n t ' s  Sample ID: DKF 13 
CTL Sample ID: 903859 

Analvte 

Si02 
A1203  
Fe203 
CaO 
MgO 
SO3 
N a 2 0  
K 2 0  
T i 0 2  
P205 
M n 2 0 3  
S r O  
L O 1  
T o t a l  

A l k a l i e s  as Na20 

Calculated Compounds p e r  ASTM C 150-89 

c3s 
c2s 
C3A 
C 4 A F  
s d C 4 A F  + C2F) 

Weight % 

21.72 
3.84 
3.82 

64.76 
4.64 
0.38 
0.04 
0.38 
0.20 
0.04 
0.10 
0.04 
0.31 

100.28 

0.29 

65 
14 
4 

12 

N o t e s :  1. T h i s  a n a l y s i s  r e p r e s e n t s  s p e c i f i c a l l y  t h e  sample  submi t ted .  
2. O x i d e  a n a l y s i s  by X-ray f l u o r e s c e n c a  s p e c t r o m e t r y .  Samples 

f u s e d  a t  1000 C w i t h  L i2B407.  
3. Values  f o r  T i 0 2  a n d  P205 are added t o  the A 1 2 0 3  when t h e  

compounds are c a l c u l a t e d ,  i n  a c c o r d a n c e  with ASTM C 150. 
4. X-Ray F l u o r e s c e n c e  oxide  a n a l y s i s  meets t h e  p r e c i s i o n  and 

a c c u r a c y  r e q u i r e m e n t s  f o r  r a p i d  methods  p e r  ASTM C 114-89. 
Most r e c e n t  r e - q u a l i f i c a t i o n  date is 22 Augus t  1991. 



5420 Old Orchard Road, Skokie, Illinois 60077-1 030 
Phone: 7081965-7500 Fax: 7081965-6541 

Clien t :  MPC 
Project: Cement  a n a l y s i s  
Submi t te r :  D r .  Presbury West 

CTL P r o j e c t  No.: 50231 
CTL Proj .  Mgr.: D r .  West 
Analyst: Don Bro ton  
Approved: J. B. Delles 
Date: 9/12/91 

REPORT O F  CHEMICAL ANALYSIS 

C l i e n t ' s  Sample ID: DKF 14 
CTL Sample ID: 903860 

A n a l v t e  

Si02 
A1203  
Fe203 
CaO 
MgO 
SO3 
Na20 
K 2 0  
T i 0 2  

' P205 
Mn203 
SrO 
LO1 
Total  

Weight !4 

24.21 * 
4.55 
3.30 
60.03 
4.06 
0.80 
0.19 
0.83 
0.28 
0.07 
0.09 
0.11 
0.16 

98.68 

A l k a l i e s  as Na20 0.73 
* Beyond o u r  c a l i b r a t i o n  range 

C a l c u l a t e d  Compounds per ASTM C 150-89 

c3s 
c2s 
C 3 A  
C 4 A F  
s d C 4 A F  f C2F) 

20 
54 

7 
10 

--- 

Notes: 1. T h i s  a n a l y s i s  represents s p e c i f i c a l l y  the sample submi t ted .  
2. O x i d e  a n a l y s i s  by X-ray f l u o r e s c e n c e  s p e c t r o m e t r y .  Samples  

fused a t  1000 C with L i 2 B 4 0 7 .  
3. Values f o r  T i 0 2  a n d  P205 are added  t o  the A 1 2 0 3  when t h e  

compounds are c a l c u l a t e d ,  i n  a c c o r d a n c e  w i t h  ASTM C 150. 
4. X-Ray Fluorescence oxide a n a l y s i s  meets the p r e c i s i o n  a n d  

a c c u r a c y  r e q u i r e m e n t s  f a r  r a p i d  methods per ASTM C 114-89- 
Most recent r e - q u a l i f  i c a t i o n  date is 22 August 1991. 

Construction Technology Laboratorks, Inc. skokk LOS ~naeleg SeatwTwma 
A-40 
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5420 Old Orchard Road, Skokie, Illinois 60077-1 030 
Phone: 7081965-7500 Fax: 70819656541 

Clien t :  MPC C T L  Project No.: 407105 
Project :  Cement a n a l y s i s  CTL Proj.  Mgr.: D r .  West 
Submit te r :  D r .  P r e s b u r y  West Analys t :  Don B r a t o n  

Approved: J. B. Delles 
D a t e :  9/12/91 

REPORT O F  CHEMICAL ANALYSIS 

Client's Sample ID: D K F  15 
CTL Sample ID: 903932 

A n a l v t e  

Si02 
A 1 2 0 3  
Fe203 
C a O  
MgO 
SO3 
Na20 
K 2 0  
T i 0 2  
P205 
Mn203 
SrO 
LO1 
T o t a l  

A l k a l i e s  as Na20 

C a l c u l a t e d  Compounds p e r  ASTM C 150-89 

c3s 
c2s 
C3A 
C4AF 
ss(C4AF + C2F) 

Weight % 

21.24 
4.22 
2.76 

66.61 
3.86 
0.10 
0.14 
0.04 
0.22 
0.15 
0.74 
0.05 
0.11 

100.24 

0.16 

75 
5 
7 
8 --- 

Notes: 1. T h i s  a n a l y s i s  r e p r e s e n t s  s p e c i f i c a l l y  the sample  submi t ted .  
2. O x i d e  a n a l y s i s  by X-ray f l u o r e s c e n c e  s p e c t r o m e t r y .  Samples  

fused at 1000 C w i t h  L i 2 B 4 0 7 .  
3. V a l u e s  f o r  T i 0 2  and P205 a re  added t o  the A1203 when the 

compounds are c a l c u l a t e d ,  i n  a c c o r d a n c e  with ASTM C 150. 
4. X-Ray F l u o r e s c e n c e  oxide a n a l y s i s  m e e t s  the p r e c i s i o n  a n d  

a c c u r a c y  r e q u i r e m e n t s  f o r  r a p i d  methods  p e r  ASTM C 114-89. 
Most r e c e n t  r e - q u a l i f i c a t i o n  date is 22 Augus t  1991. 



5420 Old Orchard Road, Skokie, Illinois 60077-1 030 
Phone: 7081965-7500 Fax: 7081965-6541 

Clien t :  MPC C T L  Project No.: 407105 
Project :  Cement a n a l y s i s  CTL Proj. Mgr.: D r .  West 
Submitter:  Dr. P r e s b u r y  West Analyst: Don Broton 

Approved: J. B. Delles 
Date: 9/12/91 

REPORT O F  CHEMICAL FINFlLYSIS 

C l i e n t ' s  Sample ID: DKF 16 
C T L  Sample ID: 903933 

Analyte  

Si02 
A1203 
Fe203 
CaO 

SO3 
Na20 
K20 
T i 0 2  
P205 
Mn203 
S r O  
L O I  
Total  

MgQ 

A l k a l i e s  as Na20 

Calcula ted  Compounds p e r  ASTM C 150-89 

c3s 
c2s 
C 3 A  
C4AF 
ss(C4AF + C 2 F )  

Weight % 

21.78 
3.96 
3.04 

67.84 
2.04 
0.02 
0.12 
0.02 
0.24 
0.06 
0.07 
0.07 
0.19 

100.26 

0.13 

78 
4 
6 
9 --- 

Notes: I. This  a n a l y s i s  r e p r e s e n t s  s p e c i f  i r a l l y  t h e  sample submitted. 
2. O x i d e  a n a l y s i s  by  X-ray f l u o r e s c e n c e  spec t romet ry .  Samples 

f u s e d  at 1000 C w i t h  Li2B407. 
3. Values f o r  T i 0 2  and P205 are added t o  t h e  A 1 2 0 3  when the 

compounds are ca lcu la ted ,  i n  accordance w i t h  ASTM C 1'50. 
4. X-Ray F luo rescence  oxide a n a l y s i s  meets the precision and 

accuracy r equ i r emen t s  for rapid methods p e r  ASTM C 114-89- 
' Most r e c e n t  r e -qua l i f i ca t ion  date is 22 August 1991. 

Construction Technology bbwaorlea, Inc . skddr h 'seatfle/Taeoma 
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5420 Old Orchard Road, Skokie, Illinois 60077-1030 
Phone: 708/965-7500 Fax: 7081965-8541 

Client: MPC C T L  Project No.: 407105 
Project: Cement  ana lys i s  C T L  Proj. Mgr.: Dr. West 
Submitter: Dr. Presbury West Analyst: Dan Broton 

Approved: J. B. Delles 
Date: 9/12/91 

REPORT O F  CHEMICAL ANALYSIS 

Client's  Sample ID: DKF 17 
CTL Sample ID: 903934 

Analyte 

Si02 
A 1 2 0 3  
Fe203 
CaO 
MgO 
SO3 
Na20 
K20 
Ti02 
P205 
Mn203 
SrO 
L O 1  
Total 

A l k a l i e s  a s  Na20 

Calculated Compounds per ASTM C 150-89 

c3s 
c2s 
C 3 A  
C 4 A F  
ss(C4AF + C2F)  

Weight X 

22.2s 
4.03 
2.03 
68.98 
1.40 
0.00 
0.17 
0.01 
0.24 
0.13 
0.05 
0.04 
0.14 

100.28 

0.18 

78 
5 
7 
9 

-*1 

Notes: 1. T h i s  ana lys i s  r e p r e s e n t s  spec i f ica l ly  the sample  submitted. 
2. Oxide  a n a l y s i s  by  X-ray fluorescence spectrometry. Samples 

fused  a t  1000 C with Li28407. 
3. Values f o r  T i 0 2  and P205 are added to t h e  A1203 when the 

compounds are calculated, in accordance w i t h  ASTM C 150. 
4 .  X-Ray Fluorescence oxide ana lys i s  meets the precisian and 

accuracy requirements for  r a p i d  methods per ASTM C 114-89. 
Most  recent re-qualif icat ion d a t e  is 22 August 1971. 

A-43 



5420 Old Orchard Road, Skokie, Illinois 60077-1030 
Phone: 7081965-7500 Fax: 7081965-6541 

Clien t :  MPC 
P r o j e c t :  Cement a n a l y s i s  
Submi t te r :  D r .  P r e s b u r y  West 

CTL P r o j e c t  No.: 407105 
C T L  Pro j .  Mgr.: D r .  West 

Approved: J. 8. Delles 
D a t e :  9/12/91 

Analyst :  Don 

REPORT O F  CHEMICAL CSNALYSIS 

C l i e n t ' s  Sample ID: D K F  18 
CTL Sample ID: 903935 

A n a l v t e  Weiah t % 

Si02 
A1203 
Fe203 
C a O  
MgO 
SO3 
Na20 
K 2 0  
T i 0 2  

' P205 
Mn203 
S r O  
L O 1  
Total 

A l k a l i e s  as Na20 

C a l c u l a t e d  Compounds per ASTM C 150-89 

c3s 
c2s 
C 3 A  
C 4 A F  
ss(C4AF + C2F)  

21.63 
3.97 
3.83 

64.98 
4.70 
0.03 
0.16 
0.02 
0.23 
0.10 
0.09 
0.02 
0.07 
99.83 

0.17 

66 
13 
5 

12 
--- 

Notes: 1. T h i s  a n a l y s i s  represents s p e c i f i c a l l y  the sample  submitted. 
2. O x i d e  a n a l y s i s  by X-ray f l u a r e s c e n c e  s p e c t r o m e t r y .  Samples  

f u s e d  a t  1000 C with Li2B407. 
3. V a l u e s  f o r  T i 0 2  a n d  P205 are added t o  the A 1 2 0 3  when t h e  

compounds are c a l c u l a t e d ,  i n  a c c o r d a n c e  with ASTM C 150. 
4. X-Ray F l u o r e s c e n c e  oxide a n a l y s i s  meets the p r e c i s i o n  and 

a c c u r a c y  r e q u i r e m e n t s  for r a p i d  methods  p e r  ASTM C 114-89. 
Most  r e c e n t  r e - q u a l i f i c a t i o n  d a t e  is 22 Augus t  1991. 



Client:  MPC 
Pro jec t :  Cement a n a l y s i s  
Submi t te r :  D r .  Presbury West 

CJL P r o j e c t  No.: 407105 
C T L  Proj. Mgr.: D r .  W e s t  
Analyst: Don Broton  
Approved: J. 8. D e l l e s  
D a t e :  9/12/91 

REPORT OF CHEMSCAL ANRLYSIS 

C l i e n t ' s  Sample ID: D K F  19 
C T L  Sample ID: 903936 

A n a l v t e  Weight  % 

Si02 
A 1 2 0 3  
Fe203 
C a O  
MgO 
SO3 
Na20 
K 2 0  
T i 0 2  
P205 
Mn203 
Sr0 
L O 1  
T o t a l  

Alkalies a s  Na20 

C a l c u l a t e d  Compounds p e r  ASTM C 150-89 

c3s 
c2s 
C 3 A  
C4AF 
s d C 4 A F  + C2F) 

21.77 
3.99 
3.9s 
65.14 
4.66 
0.00 
0.05 
0.01 
0.20 
0.04 
0.11 
0.04 
0.15 

100.10 

0.05 

66 
13 
5 

12 --- 

Nates: 1. T h i s  a n a l y s i s  represents s p e c i f i c a l l y  the sample submi t ted .  
2. O x i d e  a n a l y s i s  by X-ray f l u o r e s c e n c e  s p e c t r o m e t r y .  Samples 

fused a t  1000 C w i t h  L i 2 B 4 0 7 .  
3. Values  f o r  T i 0 2  a n d  P205 are added  t o  t h e  A 1 2 0 3  when the 

compounds are calculated, i n  a c c o r d a n c e  with ASTM C 150. 
4. X-Ray F l u o r e s c e n c e  oxide a n a l y s i s  meets t h e  p r e c i s i o n  and 

a c c u r a c y  r e q u i r e m e n t s  f o r  r a p i d  methods per OSTM C 114-89. 
M o s t  recent r e - q u a l i f i c a t i o n  d a t e  is; 22 August 1991. 

Construction Technology Laborrtadms, Inc. skew Los ~noakm .seattlefraeoma 
A-45 
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CTL 
5420 Old Orchard Road, Skokie, Illinois 80077-1 030 
Phone: 7081965-7500 Fax: 708/965-6541 

Clien t :  MPC CTL Project  Na.: 407105 
Project: Cement a n a l y s i s  CTL Proj. Mgr.: D r .  West 
Submitter: D r .  Presbury West Analyst: Dan Broton ? 

Approved: J. B. Delles 
Date: 9/12/91 

REPORT OF CHEMICAL A N A L Y S I S  

Cl ient ' s  Sample ID: DKF 20 
CTL Sample ID: 903937 

Analyte  

Si02 
A 1 2 0 3  
Fe203 
CaO 
MgO 
SO3 
Na20 
K2O 
Ti02 
P205 
Mn203 
SrO 
L O 1  
Total 

Weight % 

A l k a l i e s  as Na20 0.24 
*Beyond our  cal ibrat ion r a n g e  

24.26 * 
4.66 
3.32 

60.84 
4.12 
0.10 
0.17 
0.10 
0.28 
0.07 
0.09 
0.11 
0.10 

98.22 

Calculated Compounds per FISTM C 150-89 

c3s 
c2s 
C3A 
C4AF 
s s ( C 4 A F  f CZF) 

25 
51 
8 
10 --- 

N o t e s :  1. This a n a l y s i s  r e p r e s e n t s  s p e c i f i c a l l y  t h e  sample submitted. 
2. O x i d e  a n a l y s i s  by X-ray fluorescence spectrometry .  

fused at 1000 C w i t h  Li2B407. 
3. Values f a r  T i 0 2  and P205  are added to t h e  A 1 2 0 3  when t h e  

compounds are calculated, in accordance with ASTM C 150. 
4 .  X-Ray Fluorescence oxide a n a l y s i s  meets the precision and 

accuracy  requirements  f o r  rapid methods p e r  ASTM C 114-89. 
M o s t  r e c e n t  re-qualif  i ca t ion  d a t e  is 22 August 1991. 

Samples 



APPENDIX 

RAW DATA 

PART IV 
TGA and DTA Experimentai Data 



Sample: coal  Ash Grove, Louisville File: E: CTLlU-JT.01 
Sire: 27.6860 mg TG A Operator: T h i e l  
Method: iso2O/ramp20/iso30 atti00 Run Date: 02/10/89 14:Sf 
Comment: N2 ca .  30 cc/min 

100 

90 

00 
7s 
a- 

+r c 
0 

01 

U 

4 

70 

60 

50 I I 1 I 1 I . I 

200 400 600 800 1000 12 0 
Temperature I'C) TGA V2.06 DuPont 9900 



Sample: coal File: E: CTLIU-DTA.03 
S f t e :  26,7000 mg D T A Operator: f h i e l  
Method: JPT 8/23/a8 Run Date: 02/20/e9 i&46 
Comment: N2 f l o w  10: baseline 0.6  
0.i 

I 

- 

-0,2ll 

- 

-0.3 

q '  ) 

I 
I 

10 
I I I I 1 I I I 

Temperature ("C] General V 2 . 2 A  DuPont 9900 



Sample: CaC03 F i l e :  E: CTLI-JT.OI 
Site: 45.6220 mg T GA Operator: T h i e l  
Method: is0 20/ ramp 20 Run Date: 02/10/89 09: 17 
Comment: N2 ca .  30 cc/min 

120 

A 

100- 

I 

80 - 

- 

60- 

I 
44- 16 % midpoint  823C 
(20.14 mg) 

40 ! I 1 I I 1 

200 400 600 800 1000 12 0 

- 0.6 

- 0 . 4  

0 . 2  

0.0 

-0 .2 
1 

Temper a tur e ( "C) TGA V2.08 DuPont 9900 



Y 

1 

Sample! CaC03 Pt pans File: E: CTLi-DTA.01 
Size: 17.9000 mg DTA Operator: Thfe l  

Comment: baseline 5 . 0 5  N2 f l o w  6 
Method: JPT 8/23/86 Run Date: 02/iU/89 10:21 

0.1 

723.54 *C 

1 

0 . 0  

P 

-0.3- 

-0 .4 -  
41 

8 # 1 1 I I I I I I . 
I 500 600 700 800 900 1000 0 

Temperature I"C1 General V 2 . 2 A  DuPont 9900 



Sample: CaC03 + 5% coa l  File: E: CTL2-JT.01 
Size: 45.2410 mg T G A  Operator: T h i e l  
Method: iso20/ramp2O/iso30 atit00 Run Date: 02/10/89 12: f5 

120. 

cn ? g  
w 

60 - 

40 - 
( 

42.58 X midpoint  825C 
(19.27 mgl 

I I I I I I . I I I 

12 200 400 600 800 10ou 
Temperature ("C] 

- 0.6 

- 0 . 4  

' 0 . 2  

0.0 

-0 .2  
3 

TGA V 2 . O B  OuPont 9900 



t3 (., ) ._ 

Sample: CaC03 + 5% coa l  File: E: CTL2-JT-01 
Sire: 45.2410 mg T G A Operator: miel 
Method: fso20/ramp20/iso30 at1100 Run Date: 02/10/89 12: i5 
Comment: N2 ca.  30 cc/min 

120 

100 

+J 60 t 
OI 

60 

40 

43.62 % midpoint 825C 
(19.74 mgl 

I 

n 
0 
0 
Y 

al 
L 
3 
4J lu 
t al 
0. 
E al 
I- 

- 

4000 

800 

600 

400 

200 

I I I 

20 40 60 1 

- 10 

- 0  

- 6  

- 4  

- 2  

. O  

-2 

Time ( m i d  TGA V2.0B DuPont 9900 



c) 
Sample: CaC03 +  coal Ff le: E: CTL2-DTA. Of 
Size: 43.2000 mg D TA Operator: T h i e l  
Method: JPT 8/23le8 Run Date: 02/20/89 04: 2 5  
Comment: N2 f l o w  10: baseline 0 . 6  

0.1 

0.0 

875. Y 6OC 

I I 1 I I f I 

I 500 600 700 800 900 i000 11 I0 
Temperature toC1 Genepal V 2 . 2 A  DuPont 9900 



35.56 X midpoint  6286: 
(19.25 mg) 

t 

Temperature ["C) 

. .  

TGA V2.08 DuPont 9900 



Sample: PDM 533 File: E: CTL4-DTA. Oi 
Size: 46.2000 mg D TA Operator: T h i e l  
Method: 3PT 8/23/88 , Run Date: 02/18/69 2339 
Comment: N2 f low 10: baselfne 0 . 3  

0.10 1 

0.05 
A 

Lb 
E 
\ u 
0 
Y 

E 0.00 
7s Flk 
c 
c 
d 
0 

f -0.05 
3 
+r 
ID 
L 
01 

E 
F 

-0.10 

-0.15 
4 

1 I I I I I f I L I t . 
I 500 600 700 800 900 1000 

t )  

0 
Temperature ["C) General V 2 . 2 A  DuPont 9900 



Sample: PDM 533 + 5% coal  F i l e :  E: CTLS-JT.01 
Size: 41.2660 mg T G A operator: T h i e l  
Method: iso2O/ramp2O/iso60 a t  1iOO Run Date: 02/13/89 1 6 3 4  
Comment: N2 ca 30 cc/rnin 

110 

100 

90 - 

70 - 

60 - 

maximum grad ient  814C 

c- 

4.66 % 
14.30 mg) 

I I I I r I I 

200 400 600 aoo 1000 12 

- 8  

- 6  

. 4  

' 2  

0 

-2 
D 

Temperature I"C1 TGA V 2 . 0 B  DuPont 9900 



Sample: 
Size: 
Method: 
Comment: 
0.10 

0.05 

4 
P 

-0 . 10. 

-0.15. 
4 

PDM 533 + 5% 
4f.1000 mg 
JPT 0/23/00 

N2 f l o w  10: 

coal 

baselfne 0 . 6  

DTA File: E: CTLS-DTA . 0 1 
Operator: Thie l  
Run Date: 02/20/69 Ui:23 
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Sample: PDM 536 + 5% coal  File: E CTLB-JT.01 
Size: 49.7080 mg T G A 0perato.r: T h i e l  
Method: iso2O/ramp20/iso60 tat1100 Run Date: 02/13/89 20: 47 
Comment: N2 ca 30 cc/min 
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Sample: POM 536 : CTL7 file: E: JT-00XCVL7.01 
Size: 69.2780 mg T G A Operator: T h i e l  
Method: is0 20/ ramp 20 to 1000 Run Date: 09,’14/69 2308 
Comment: N2 40 cc/’min 
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Sample: PDM 536 : CTL7 File: E: JT-iO%CTL7.01 
Size: 56.7740 mg TGA Operator: T h i e l  
Method: is0 20 /  ramp 20 t o  1000 Run Date: 09/13/69 14: 14 
Comment: 10% 02/N2 40 cc/min 
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Sample: PDM 536 : CTL7 File: E: JT-10XCTL7.02 
Size: 65.4470 mg T G A  Operator: T h i e l  
Method: is0 201 ramp 20 t o  1000 Run Date: 09/14/89 02:4i 
Comment: 10% 02/N2 46 cc/min 
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Sample: PDM 536 : CfL7 File: E: JT-20XCTL7.01 
Size: 66.8380 mg T G A Operator: T h i e l  
Method: i s o  20/ ramp 20 to 1000 Run Date: 09/13/69 16:36 
Comment: 20% 02/N2 4d cc/min 
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Sample: PDM 536 : CTL7 File: E: JT-100CTL7.01 
Size: 67.6800 mg T G A Operator: T h i e l  
Method: is0 20/ ramp 20 to 1000 Run Date: 09/13/89 2 3 4 7  
Comment: 100% 02 46 cc/min 
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