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J. D. MASON 
PROFESSIONAL ENGINEER 

4('30 WEST 2ND AVE . 
VANCOUVER 8, B. C . 

TELEPHONE GA. 4-6021 

ITovember 3rd 1962 . 

Dr. E. N. Pennebaker, 
P.O. Box 8l?, 
Scottsdale, Arizona. 

Dear Dr . Pennebru<er , 

that you 
t he l ast 
you did, 
cop ie s . 

George Freeman advised by phone today 
did not receive cop ies of t h e assays on 
co ..::posites . I aJn sorry but t hought 
a s Jacobs was i nstructed to send you 

TILe following note was received in 
an swer to my en uiry as to his assaying metnod s :-

\1/,/10,. T ~ J. l.l C S On .!.J1Ille, 
l l'1r . .J . D. l:ason. 

Calcium s ilicates (Amphiboles) are 
not soluble in a cid tre2,tr.1ent t hat 
we give your s~tipl es. Calcium re­
ported include calcite - Ca in 
dolomite and probabl 'e some gypsum 
and if any ca lciUL1 in sch eelite 
(,car ~()4) 

The Color2~.do Sch ool of Hine s s eems to be 
qui te enthu s i astic on the burning tests; less t han 
4% dust lo ss and t h e lime calcines at some 300-400

0 

les s t han the average temperature. Their r eport 
i s exp ected with in two we eks . 

There were only t e t wo vertical sections 
mad e as surface assays were only t al-c en at these two 
points. Although t h e surfa ce slopes were only 
surveyed i n these two sections, t h e other area s have 
a si milar slop e. 

El1clo sed please find assays of t he last 
co mJ! o si te s . 

Yours sincerely, 

~~ 



E.N.PENNEBAKER 

c . 

CONSULTI NG GEOLOGIST 

POST OFFICE BOX 817 

SCOTTSDALE,ARIZONA 

. . '. .. , ~ 

~ DA1'A ON ' 
A LIME DEPOSI·TS, 

COUNT:(, ARIZ:ONA 















































WISSER & COX 

MEMORANDUM FOR: Mr. J. D. Mason 

Consulting Geologists 

November 30, 1959 

Sabado Limestone Deposit 
Pima County, Arizona 

I visited the limestone deposit south of Tucson on the 
Sabado claims on 11/29/59 in company with George Freeman. 

The limestone occurs along the southern side of a small 
diorite intrusion which has an erratic shape, generally trending 
east and west in this ares. No detailed maps are available. From 
cursory examination possible without mapping, it would seem that the 
diorite more or less follows the bedding of the limestone, but be­
tween the portal of a lower tunnel and an upper shaft, cuts to the 
south across the bedding. The limestone is a white coarse marble with 
very little in the way of argillaceous or siliceous material, only a 
few scattered grains of silicates, and a very intense white color. 
A few black dikes and one skarn zone cut the limestone along the 
general bedding trend, but they do not constitute any large quantity 
of impurities and could easily be wasted in mining. 

I am most impressed with the beautiful high reflective 
white color of the limestone and its apparent freedom from much in the 
way of impurities. It would seem as though, if a substantial quantity 
of the rock can be developed, that uses such as glass, whiting, 
fillers in the paper and paint business, and in the rubber business, 
could be developed since there is very little in the way of useable whit­
ing on the west coast. It certainly would make a good quality lime. 

One of the questions which can only be answered by explora­
tion is the shape of the diorite contact below the limestone. As 
exposed by natural erosion, it appears to be very steep. However, the 
fact that the limestone is converted to a coarsely crystalline marble 
for a sUbstantial distance hori zontally from the diorite outcrops, 
could be interpreted to mean that diorite underlies the limestone at 
a very shallow depth. It would ap pear that, assuming 200 tons a day 
operation and 20 years life, that somewhere around 1,500,000 tons of 
high grade limestone should be developed. This could best be done by 
first, detailed mapping, probably with a plane table, and second, 
perhaps $8,000 to $10,000 worth of drill exploration and open cuts, 
actually drilling and blasting in a number of places and making cross 
sections of the deposit by horizontal and/or vertical drilling . I 
doubt that the tonnage can be proved up for less than $8,000 and I 
don't think it would cost more than $10,000. Location of the drill 
holes and their depths, etc. would have to await detailed mapping. 
This mapping would probably take ten days to two weeks with a two-man 
crew of plane table operator and geologist. 

Respectfully submitted 

/s/ M. W. Cox 
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Mr . '1' . A. Goodnight 
Valley National BEn k 
1400 No . First Street 
Phoenix, Arizona 

Dear Tom: ' 

January 11, 1963 

Enclosed are four copies of my report on the 
Sabado limestone property. I would appreciate 
your distributing those copies to those who 
should receive them. 

My statement in duplicate is enclosed . 

f':ith best personal regards , 

ENP :mc 
encls .. 

Yours sincerely 

E . N. Penneblk er 
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JlDQlIlC'J'lQM 

wrlt.~ hal dO • th. follov1D tht I th ~.Ip.ct 

to tb. fufther 'lDV .. t1aatloll of th •• "epo.lta, al. •• 

11 .toDe de .lte. a.d d •• crt 1ft hi. ~epolt dated 

J.~r.y 17, 1961. 

1. In ny with Mr. J. D. MalOn the eo~. 0 ta ned 

f •• ev • loratoJ:y dlaJ10nd dJ:l1l hole. va. eu d. 

2. crt de to the propelt,. v1th. • 

dDl t 1ft ordar to v r1f1 the drill hol... their 

,1 ca 10 aDd attitude •• 

3. 1ft t.he offlca 1'O\llh •• tlut •• were d. of tbe 

eDna. and rade of t.rial that iii ht eJCJ:8ote 

flO. two dlff.rent quarr,y d •• l •• 

4. ta fro. the expertm.n .1 calclolhi op •• atl n. 
co dueted by the Colorado School of nee ... reh 

oundatlon were studied • 

••• varloul it ... .,. dlleu ••• d 1n the foll ft repo~. 

<b.-lll hole. ~y. bean pu 1n 0 the eo­

alled" rtbea nepot1t". The •• are alon flY8 PI'O 11.. .p ••• d 

at about 200 f •• t. 'thre. hole. are alonl plOlll. A-A. 0 ..... ch 



• 

,. 

.~. alOft the the¥'. thU. a strlk. 1 th of abo"t 1,0 0 f t 

• t •• t • The hole. .1'8 of X dla tu and _celleat ~.cOY.1Y 

w., ob&. d. 

the bole.. tilth Ofte captlO t h pol ted IOUCher1,. at 

• • _,le of about. 40 d ....... the exception i •• flat 1_ 

4n11 utberl, lnto • face of CM 14 tWUlel. Th... 1 •• 

a1:_ .how Oft • plao ., , ... pared by Mr. 80 , aDd fnr l th 

app r.a the ., 02:0 •• • •• otlori. 110 repared by hi.. th_ wrlter 

hal CO ethel d thl" • oeh •• voi'ldna , ctloDI for t • zo •• _n. ..t.t. te. 

h. I 10 le 10a8 of the ho1.. 1:'8 _d_ by 111:'. SOil ud 

vel'a judi to _,el'l, do... The. 11 a va. ,enel'a11,. ade-

quate, althouah i. plac.. the. 1. latarval. are cathet' 10n • 

The chead.cal aMly... w. _da ~ Jacob. •• '1 Offio. 

of tuc Il, Ad-UM. a laboratory vit an .xcel1ent I' \&tacl0. All 

• le. ware t •• ted ! .. eao cont t Qfa . bl. to c:al4;lte (a1., to 

• d ach •• lite if .taCb wel'a pra.. • wh1ch 18 very 

doubtful). Te.te for 1. urltt •• were de 0 compo.tt.. for tDter-

~al. .1. teel by • to. The.e CO t: all f the ttU' 

li •• to • 1n all of the hOle , and fu&-ther c. t. for 1. .: • ..,,&1. f,l-

11 within the leat.elva ua~ ,¥of 1.. wo~ld h.lpf~l. 

The aul,... 4. a'¥ l1able to t h wrlta" 17 D 

co l1aCi.on. ,".,.1'" by Mr. 8On. The on. inal reporta by Jaoob. 

were _ t t •• aud.tted. 

'the wd.tel' •• DOt pl'e.en ~ dnllln of the 

ho1 •• , but the drill 1. locatio a ¥ere 1.nlpected n v..bey 1 • 

1962. ft the drtll bole c llare •• ra v.rifled. 
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The .lop •• of the p-coflle. abOve the ddll bola. wer. 

al_ check. d by ND&OQ at tbt.. t1lH, .10 wt.th the 

tha hol.. d thal inclination •• 

do • of 

1 1. ow \lI that 

be .... ouel1 bJ nlll t It aD 

.tona f aood quality. ha. 

eonvenl tly ud eco_1Ilcall,. 

quan1.ed. becau •• of the coDflguratlon of the il'O vlth 'I' .pact 

to th .hap of the 1 .to ... bo,. Co '8C{Wt I". 10 ord ... t.o 

coJ ... a •• t • wd.tft' hal •• t up two teaeacl .. 

q,uany 0 c1in.. and hal .,tl t d th quaDtlt,. of nell vltht.. th 

Thl' t ta lv. • ca.aclon ha. • .ta 

about wit the 1 11 f the beddiDa. ~glnl f 

da,re ,t t. rth. Th. reb uk .10p.. lOuth.rly at 0 4e­

ar • Tb1* quany 1.. t 1,000 fMt 10 wltll dth at tb. 

e p .a1'11 fl'O a'bOlat 100 to 2'0 fat. 1tl flool' 1. at u aleYa· 

Cion f 4.400 f.. • ..... lev.l. Th. venical helght. of the 

uth varl.. f¥O~ 200 to 250 f • • 

h. to • fol'uarry • u.l a factor .f 11.' cu. ft. 

of sock 1ft plac. equal. 1. I"t toD', t. al follw., 

Tot 1 to 

L. • 10 
•••••••••••••••• 

••••••••••••••••••• 

1,643,500 

168.)50 

1,479.15Q 

181 (dl.. d chert) to • c .t out, for "p,,""fac. dirt1 _ erial 

t to ~ n •• te for the drl11 hola. DOt 

., .... 11.1 wit th block r; In •• 



• 

- 4 -

• t • louth uarry A, abo e. 

co in t It, another 

quarr,y 0 11 e v •• tent.tlv 11 •• t u with. aouth 

60 ear I . Thl_ lifted the floor to aa lev tl 

abo e ... 1 •• 1 n:d gay the fol1owlh r sult I 

k 810 'at 

f 4, 4.50 feet 

Tot 1 tonraa ' •• • ••••••••••• • ••• 910,000 

L 10 ••••• •• •• • ••••••••••••• 91,000 
. Ii ,I 

873,000 1'h.. v. to · ••• tlMt w re _d. f 

c'C'O. •• c 1'1 the .hap.. of th 11 sto 

five vet:tlcal 

ely aD the 

f the uan1... two of the profile • .., r obtaln d fro , . I. c~. -Iactto • The other three are d.t ne by 

the wr't.~ us, I a runt 411 C~n • ro 11a. 

are a • aDd ' they ylald 0 11 a 1"0 gh •• tl te. 

1..1. thin th qurn.8,.. shown Oft tha var-

tlcal. ••• •• e 10... we • de aNi.ed .. ,lanl ter. Th... er 

1'I\.I1t1 11 c1 bloc len th' within lch e bole (or the three 

hOl • on .. tk).n A- ) we. c n.ldered to have.. influe ce on tOlUQlge 

and rd. the Vol 10 d t ed w • divided 11. 5 

to twel't to .hod t s in place. 

Cra,.-•• ctloms an.d p do t aCeD 

How_. • • .on hae pra al"a4 a plan _p an 

and the ¥wlt.w·. rkin •• etl0 I .~ a.ail.bl 

an" thl. re rt. 

CIQ. - .eet one, 

"poa r. ue.t. 

The r de, of 11 (C.O), . • ' averasad 

over v noue 1 '.tva1 l'O\)pln. for tbe lndt.vldual hot I . 1 1. 

a era a', tho,. ift~.1'V 1. £a111 wlthln tne qurry 

h Uled to '. "1". the .. ada of each block. Wh,ere 1"., 



• 

fro ul'face l1nS were avallable. or Where •• v.ral hoi.. fell 

on a •• ction (.uch •• Section "'- ), a S8naral averaae w. d.t ..... 

t.n.d. U.l the tODll8,_ in en block,. _lInt ed ".1'411 averasa 

wa. then obtained. with the folloWing re.u1e,. 

uall"1r)' A. ••••••••••••••• .52.061. CaO 

rry a ••••••••••••••• 52.08 e.o 

The era1 411erage amounts of the ltapurt.t:t., •• pr •• ent ta 

the lim •• tone are re difficult to •• tl t. cause the 1~t.#val. 

• lysed t fall n atly within tb quar~ 11 ite. mbab1y 

the beat •• tl t. 1. that obtained by' a weight d vera. of all the 

CI)'te anal,...4, r . 41 ••• of whether it i. wlth1n or ou,.14. of the 

teatatt. •• qwany ol.ltlb... This 1.. follo as 

Sillea - 8102 

e .. ric odd. - 8 2°3 
Mil nelt .. MgO 

A1 • A120J 

2.92~ 

O.19~ 

0.0'" 
0.2' to 0.60 (1) 

The writer bell,av •• that. the above·llOted MOWIt of 8S.llca 
(2.921.) '1 'be.o what toe hl h an that f1 f18 re of 2.50 to 2.75% 
i. probe 1y r. ttact. Row ... r, • d ltlonal. 11s3 for tht.. 

1. urlty uld 11 14 b Ipful 1 fo tl n. 

the for olft Itl t.a .hould be co elderea a. "pwbabl." 

tonnaa.' and ad.. rather than a. tfpsovedn • Thi., is cau,. of the 

vai"loQ. 1'.... .• 1ready noted and a1_ 'becau.. .t of h. d18llOnd 

d2:'1:l1 hol • cut 11 bel the uarry floors and thetr lnfoJ:Utloft 

at be project d up CO lder bie dl.tanc'.. This is ,altly off •• t 

11'. Ma D at the 8urfaoe. but f*o.. 8"ch 

it 1. dlfflc It to 0 tal r.p~ ••• ntatlv. ..-pl •• of th. 

1 uritla p .~t. 

Oil the <»t118sr band, the evanne •• of Il'ade obcaS.ned frolll 

all eo"...... 1. deflraltel, r .... \I.-1n • 
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't .... _rlt •• coDducted by the Colcu:.do School of Miae • 

.... reh FoUDCIatio • lac. ' •• ult. of the \1IOX'k .~. con .lad 1n 

• n~~t ated v bu 28. 1962, • copy of which vas .. de avall­

abl. to t • writer on Jan wy 11, 19 3. 

. b •• . ry of HMof ltl coDcluslon. ar. al follo,,', 

OM" fa" •• 
1. "The 11 .tone f •• d to the kl1ft calcl. normally , 

naparoad w1tb the hi h calclwa qutck11 .. of eo_rce". 

2. It tartal · a. repr.. e. by the 11 •• tone • ..,1 • ., uld 
be ab1. to " c av ned to 1.110"1 •• I. • convent! 1 
lOUt:)' lined kilD \lod.r cotldlelofta 1. ,. • uld hnder 
the quic 11 • p~duct eco~leal11 .,ecltlve 1ft ita 
_rkee al' •• ". 

3. PreVlo~. ..ta, repo¥ted 1n 1960. "lftd1ceee the ... pl. 
tenal •• good r4d. of high calel 11 atone 
loh upo calcln Cion uld r •• ult 1n • ~lckll . p~. 

due eel the cOlmisal .peol.fleatlona for hlah 
o.lelum qulcklt.,mett • 

4. The 11me.tone decl'epltat M I' that . ke. it un-
n.c ••• ~, r.-ove quarry cr ebl~ • pr~~ to ca141natloc. 

s. ~Th. d~.t 10" ~ .~ltin fro d cr.,ltatloft va. lurpr1.· 
1ft ly 1 WIf. 

1. ~Th. qulckll-. p~~ct 11 definitely otf-eolo~ •• 00.­

... ~ to the l'IOl'QIal wtll.~. blgh caleS...- qulOkltlY of 
/ . 

., . I"C. So· 81', Chi' .boula DOt l1lP811:' It. \1 •• f 1-
0 ••• for application ere color 1. GOt at a pr_lu.n. 
Ie S.a \lue.ted 1Ja the t"epoft t t ucSxy air cl ••• lfl.cat 0 

ht coftllder.b11 upgrade tbe aqpeer,QS' of th. qulckll · • 
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2. • by th ColoJ:acJo ohool of H1 •• 
•• I'ch 

the Wri.t 
of the d .it. 

• .0 t h1ahew 1D qu.tlty than 
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T • fore ft' pol~t should be p.rtleul.~ly noted. The 

folly ...... :.. 1. a arleon of analy ••• s 

Mated.el Ta.'.d . A .. ra,. Gl"ad • 

e.o 5S.1 52.07" 

c 2 43.20 (40. 3. lc:ulat.d) 

102 1.13 2.75 

3 0.24 0.19 ( .203) 

0 . , 0.0.5 

2 .10 0.25 - .. 12°3) 

ueh.1.... the quallty of tM • era • f d CP probably 

1:QV by c ful qWl~ r, etlce lu. hand sortt 8. 

deCe.ln 1 

( 1. 

n p-Sa lS f the ".aport 

".1'Jnaftt. in ttl 0010«' an 

o t. oundatlon" 

v ber 2 • 1 2, cau •• 

tarlal t t t .dout to b. pu. tha 

tll .) 

tto 1 

ha .. _"'.""'_ 

• ed .afe WI.. Wl)uld the d~11ln 0 eevera1 ddl-

uld I; rca the ll. ... tone with n 

the it rl, law 1, f. ~.bl. to the ~jecC. 

r w tOJ:il 1. a equate, uai ty of fe d better 
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A UTHORlZA TION 

This work has been authorized by contractual arrangement of 

October 8, 1962, between the Tucson Lime and Chemical Company, 

Inc . and the Colorado School of Mines Research Foundation, Inc. 
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OBJECTIVES • 

The purpose of this undertaking has been (1) to determine the yield 

of quicklime product resulting from processing a large sample of Tucson 

Lime and Chemical Company high calcium Umestone through a pilot sise 

I rotary kiln under commercial production conditions and (Z) to thus obtain 

a substantial quantity of the quicklime product for further evaluation. 

I These objectives are more fully outlined in a letter of October 8, 196Z, 

I from C. J. Lewis of the Research Foundation to Mr. J. D. Mason of 

Tucson Lime and Chemical Comp~ (appendix). 

- 1 -
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FOREWORD 

Commercial high calcium quicklime is usually manufactured from 

limestone containing at least 950/0 calcium carbonate. In this respect the 

, high calcium product differs from dolomitic quicklime which is manufactured 

from dolomitic limestone containing calcium carbonate and magnesium 

, carbonate in about equal molar ratio. 

Practically all commercial quicklime is produced by calcining the 

limestone in direot-fired brick-lined rotary kilrus. However, under some 

circumstances, vertical (stationary shaft) kilns are used and in special 

cases hearth roastera and fluid bed kilns are in operation. It can be stated 

however, that unless special circumstances warrant otherwise, the rotary 

kiln is preferred. 

When limestone ia converted to quicklime, the volatile matter 

including carbon dioxide, moisture and organic matter is driven off and, 

I of these, the carbon dioxide usually represents from 41-430/0 of the weight 

loss. Thus for 100 tons of limestone red to the calcining operation, only 

about 60 tons of quicklime could be potentially realized and thia figure 

would be further decreased as the result of loss of fine limestone and 

quicklime in the kiln exhaust gases. On the other hand, the 108. of tlWl 

volatile matter during calcination inoreases the amount of non-volatile 

impurities in the resulting C[tt1.ekUme. For example. a limestone feed 

- Z -
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centa1a1ng 1% sUiea (S10a> would reslllt in a quickl1me containing abcnd 

1.81 % slliea, assummg 42% welght 10S8 during caloinatiQn. For this 

I reason non-volatUe impurities in the raw limestone become qUite signifi-

.1 cant in the quicklime produ.ct .. 

I 
I In the case of the limestone of interest to the Tucson Lime and Chemical 
I 

Company, a previous evaluation of samples of this material by the Researeh . 

Foundation had indicated the sample material to be a good grade of high 

calcium limestone which upon calcinatic>n, would result in a quicklime 

product meeting the ohemical specifications for a high calcium quicklime. 

The only adverse characteristic of the quieklime produced from the samples 

was that of color· - the products being somewhat darker (leS8 white) than 

the usual high calcium quiekUmes. However thi8 was and Is, not believed 

highly significant to the potential uses in the market areas involved. These 

considerations are more fully described in a report of February 10, 1960, 

I entitled .Evaluation of Limestone Samples for Production of Lime" • 

However, the studies resulting in the aforementioned report brought 

out the highly significant fact that limestone as represented by the samples 

tended to decrepitate during the c:aleinf,ng operation. In other words, the 

limestone broke up into substantially -l/S' particles .when changed from 

I1mestone to qui~kl.ime. Sucli .decrepitation subsequently results in the 

formation of a substantial amount of dust and fine material which is 

entrained in the. gases leaving . the kiln. thus cau.sing an important materials 

-
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loss. In such ea8es:~ hearth I.oasters or.fluid bed kilns may be required for 

technical reasons and to minimize th& 1088 of fine material. However, in the 

studies as reflected in the report to which reference has been made~ it was 

determined that the limestone sample decrepitated during calcination witb-

out producing the .expected large amount of fines and dust. This fact was 

I interpreted as indicative of the amenability of limestone, as represented 

I by the samples, to convetiona! rotary kUn calcination. 

Also, it was apparent that if the limestone decrepitated to approximately 

-l/S" during calcination, there would be no need to remove fine limestone 

(quarry screenings) from the limestone feed prior to calcination. As is 

I well known, · limestone feed to the rotary kiln must be sized for most 

efficient kiln operation and quicklime quality eontrol in the case of limestones I 
I 

which burn normally and do not decle.Pitate. This results from 10 -20% of 

I the limestone mined or quarried being rejected as "screenings". However, 

as indicated, the nature of the Tucson Lime and Chemical material offered 

I the possibUity of. eliminating the problem of ·screenings". 

under actual commercial rotary kiln operations, and secondarily to thus 

pToduce a large quantity of quicklime for possible further laboratory 

testing and market evaluation. 

This ealetnatiQn, involving neaTly S tons of 11m.stone, . waa undertaken in 

a direct gas ... f1red rotary kiln appreX1mately 18' in length and U.- internal 

- 4 .. 
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SAMPLES 
; 

1. Limestone - Approximately 10 tons of limestone crushed to pass a 

6· square ·opening were delivered to the Research Foundation by Tucson 

Lime and Chemical Company. Nine tons of this material was crushed to 

pass a 3/4" square opening. No effort was made to screen out the fine 

material resulting from the crushing operation since it wal known that the 

limestone would decrepitate to approximately l/S" during the calcination. 

This -3/4" crushed limestone is referred to as ·"feed" throughout thia 

report. 

2. Qw.ckUme - During the calcining operations 506S lbs. of qu1cklime 

product were recovered. During calcining. samples of quicklime product 

were taken every hour. These samples were later composited into Z master 

I. 
I 
I 
I 
I 

samples referred to herein as "product first half" and "product second half". 

3. Dust - A dust sample was taken on an hourly basis near the dust 

chamber at the feed end 0f the rotary kiln. This sampling point was eon~ 
1 

f sidered signifieant in that it rep;oesented the fir.t major decrease in vetoe1ty I 
• i 

of the gases leaving the rotary kiln and is in the normal dust collecting area 

of a rotary kiln operation. The samples were eomposited and analyzed. 
I 

4. stack diseharge sample - A t the end of the calcining operation a 

obtained, mixed and sample-d. This 1s considered to refieet the stack dis-

charge of the very fine material which would normally not report in the 

conventional dust collecting chamber. 

- 5 -
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Rotary Kiln Specifications and Operating Conditions 

Length 18' 

Diameter 16 • 

Slope 0.0448 ft . /tt. or 0.537 in./ft. 

r.p.m. 3/4 

Retention time 90 min. 

Load % 10.1 

Bed depth 2.6" 

Retaining ring 2" (inside diameter 16 11 ) 

Feed chute 2 1/2" 

Feed rate 150 1bs./hr. 

.. 6 -
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SUMMARY 

The limestone feed to the kiln calc1n~d normally as compared with the 

high calcium quickUmes of commerce. The optimum calcining temperature 

range was between ZOOO· F. and Z200· F. At temperatures below 1800· F. 

core (unburned llmestone) appeared in the product and the feed rate would 

have had to be substantially reduced to produce a quaUty product tn the 1800· • 

range. On the other hand, the quicklime product began to glaze at around 

2300° F. thus suggesting over-burn1ng and possible damage to the kiln 

I lining. The optimum temperature range therefore Ues between ZOOO°F. and 

I Z200· F. and the--pFeferred temperature, within this range, would have to I 
I 

I 
I be established in terms of the commercial kiln involved. 

I 
, The expected decrepitation of the limestone occurred and appeared to I 

be maximum in the ,hottest zone of the kiln where quicklime was being formed I 

at the maximum rate . ,The dust loss resulting from decrepitation was ! 

surpri1singly low. From the approximately 9600 lbs. of limestone feed to the I 
: 

kiln, 5065 lba. of quicklime product were obtained. From the inventory of 

feed and .roduct the actual dust toss calculates to only 3.90/0. It may be 

concluded therefore, that from aU limestone as represented by the sample, 

an overall quickUme yield of at least 950/0 could be obtained via rotary kiln 
i 

l eal cining. 

I 
Based on all data and observatlons arising from this undertaking, materti 

as represented by the limestone sample should be able to be converted to qu1C~ 
• I 

lime in a conventional rotary lined kiln under conditions which should render 

the ctuiakUme product economically competitive in its market area. 
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DETAIL OF WORK PERFORMED 

1. Preliminary batch calcination operations in rotary smelting furnace. 

The purpose of these experiments was to gain reassurance that the 

limestone sample would decrepitate vrltlwut severe dust loss and to 

establish a suitable abe to which all the large samples should be crushed. 

Four grab samples of the ~ inch limestone were taken and were crushed 

I and screened as followlI: 

1. -1 I/Z + 1/4' 

Z. -1 1/4 + 1/4 

3. -1 + 1/4 

4. -3/4 + 1/4 

Ten Ibs. of No.1 were calcined at 2040· F. for 20 min. 4.96 lba. 

of quickUme was recoVered. Running time was 3 hours 45 minutes. 

Fifty lbs. of No. Z Was put into a preheated (1500· F.) furnace. 

I Running time Z hrs. ZO min. The final temperature was ZO 10· F. for 

30 min. 29.5 lhs. of product recovered. 
i 

A screen analyst. was made on t~ two batch calcined products: 

I 
I 

-I 
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Wt. % retained Wt. % retained 
Tyler screen No. 1 No. Z 

t 3 mesh 13.2 5.6 

- 3 + 6 l$..<S 11.7 

- 6 + 10 Z2.." 25.4 

- 10 + 20 Z9.4 31.3 

- 20 + 2S 11'.1 13.3 

-2.8 10.7 lZ.8 -
Total \00.3 100.1 

As a result of these studies , particularly based on observations of the 

decrepitation. it was concluded that the sample could all be crushed to pass · 

! a 3/4" square screen for the rotary kiln feed. Nine tons of the limestone was 

therefore crushed and screened to -3/4" with no removal of dust or fines. 

The remainder of the original limestone sample was reserved for possible 

further use. 

Z. Kiln operations. 

A. Start up. 

The kiln was fired up and heated for 6 hours. The exhaust fan was 

I turned off because temperature could not be attained. The feed was started 

in at a rate of 100 lbs./hr. The first discharge was 50 minutes from start 

to feed. 50-7-5 lhs. was returned to the kiln because it was not completely 

calcined. The feed rate was increased to 150 lbs. /hr. 3 ! hours after 

,---l_'n_i_ti_a_l_f_e_e_d_._T_h_e_i_ni_t_i~al_S_ha_k_e_d_o_w_n_l __ a_:_t_: _d_f_o_r_ S_h_o_u_r_s_ b_e_fo_r_e_ t_he_ k_i_ln_w_a_s_-.l

l
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judged to be in a steady-state. Additional information is presented in the 

Operations Log. 

B. Operation 

9~90 lbs. of -3/4" limestone was fed to the kiln and 5065 Ibs. of 

quicklime was recovered. A dust loss of 374 Ibs. (3.90/0) was calculated 

from a material balance. Additional information is presented in Operations 

I Log. The product was sealed in barre Is to prevent adsorption of moisture 

and carbon dioxide. 

C. Operating conditions 

The temperature ranged from 1830° F. to 2200° F. but averaged 

between 2000· F. and 2100· F. The feed rate initially was 100 lbs. /hr. 

but was increased to 150 lbs./hr. The retention time was apprOXimately 

90 minutes. 

D. Sampling 

1. The feed was sampled as it was crushed and placed in the 
.... 

barrels. The samples were composited and a screen and cl1emical 

analysis made. 

2. The product was sampled every hour and the sample was placed 

in a labeled bottle. The samples were then composited into two samples, 

1st half of run and 2nd half of run, for analysis. 

3. A duat sample was taken on an hourly basis at the feed chute. 

A screen analysis and a chemical analysis was run on this sampl_. 
- 10 -
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A stack discharge sampla. was taken at the end of operation. 

This was taken from the roof of the building near the flue stack discharge. 

An analysis was run on this sample. 

E. Design data 

The following design information pertains to the pilot kiln used 

in this study~ 

Length 18' 

Diameter 16 " 

Slope 0.0448 ft . 1ft. or 0.537 in. 1ft. 

r.p.m. 3/4 

Retention time 90 min. 

Load % 10. 1 

Bed depth 2.6' 

Retaining ring 2 "(inside diameter 16 ") 

Feed chute 2 1/2" 

Feed rate 150 lbe. Ihr . limestone sample 

F. Operational difficulties 

The only trouble that was encountered during the operation was 

I mechanical. The fan on the stack was too large, thus pulling too much air 

I and cooling the limestone charge. The speed of the fan was redUCed. 

The feed conveyor motor was over the feed chute and the heat caused 

motor failure. During the 2 hour period required for repair of the motor, 

hand feed was em 10 ed. T,lle diffioulties encountered were easll solved. 

- 11 -
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ANALYSIS 

1. Chemical 
% Product 

Constituents Feed 1st half 2nd half Dust Stack discharge 

CaO 55.20 97 . <J 95.9 55.4 70.9 

RzO, 0.24 0 . 37 0.42 0.5S 0.64 

SiOz 1.13 1. 47 3.46 2.30 2.27 

MgO 0.05 

COl 43 . 20 0.31 0.45 41 . 0 25.2 

LOI 43.30 0.34 0.47 41.1 26.3 

Moisture 0.4a nil nil 0.03 nil 

Total (minus 100.2 99.05 100.23 99.28 99.01 
LOI) 

Screen; 

Tyler Standard Screen: Feed - wt. % retained 

+3 54.7 

- 3 + 6 10.9 

- 6 + 10 8.5 

- 10 + 20 9.3 

-20 + 28 4.2 

- 20 + 65 6.6 

-65 5.9 

Total 100. 1 

- 12 -
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Dust Sample Stack Discharge 
Tyler Standard Screen wt.% Retained wt. % Retained 

+ 48 o ~ 1 Z. 1 

• 48 + 65 1.3 7.9 

- 65 + 100 13.7 Z4.9 

-100 + 150 23.2 26.1 

- 150 + ZOO Z<4.8 ZO 0 1 

- 200 36.9 19.0 

Total 100.0 100. 1 

Dust Loss Calculations 

Feed 9590 lb. 

CO~ loss 4161lbo ' (43.Z% x 9590 lb.) 

Product 506S lb. 

Dust loss 374 lb . Or 3.9% 

- 13 -
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OBSERVA TIONS 

The operation proceeded so smoothly that about the only generalized 

observati0n which can be made is that material as represented by the 

sample is amenable to quicklime production via the rotary kiln route. 

It should be pointed out that the size of the feed for commercial production 

will probably lie between a top size of 1 l/Z" and a bottom size of l/Z". 

i However, there appears to be no reason to crush any finer than the limiting 

top size since decrepitation to about l/S" will occur in any case. The 

limiting top size is that which will become completely decrepitated during 

calcination so that no large pieces of partially burned limestone report with 

I the quicklime product. While these could be readily screened out, their 

occurrence would reflect a materials loss. Based on prior experience, we 

believe the limiting top size would be around 1 l/Z" • 

The quicklime product is definitely off-color as compared to the normal 

white high-calcium. quicklimesof commerce. However, this should not 

impair its usefulness for appUcation where color is not at a premium. The 

quicklime product is violently reactive ill water and slakes normally to a _ 

putty which is whiter than the CIlllicklime itself. The slaked product diluted 

to a hydrated time slurry containing about 10 weight per cent soUds appears 

almost as white as the best grades of high-calcium hydrated quicklime. It 

appears that much of the dl.aeoloring matter reports as a residue which can 

be settled out of the milk of lime slurry. Thia further suggests that dry air 

classification might ccmsiderably upgrade the appearance of the quicklime 

- 14 -
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product. However, as may be noted from the chemical analysis, the product 

is nearly 980/0 calcium oxide and it is unlikely therefore, that either air or 

water classification eould chemically upgrade the product to any important 

I degree. 

- IS -
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REC OMMENDA TIONS 

1. Because the lime putty resulting from slaking the quicklime product 

appears to be unusually plastic to the touch. plasticity characteristics should 

be investigated on a laboratory basis in order to ascertain whether the 

quicklime product might be superior in building construction applications. 

z. Since it is probable that the quicklime product will require a further 

crushing or possibly an air classification in the interest of uniformity. 

, crushing. grinding. and air classification of the product should be 

investigated in order to determine which route. if any, might improve the 

color of the product. 

3. Since a market for high calcium hydrated lime in bags might be 

developed. the dry hydration of the quicklime product followed by the usual 

air classification of a hydrate should be examined . . 

The Colorado School of Mines Research Foundation is presently in 

position to undertake studies in any or all of the foregoing areas, including 

, a market survey. 

- 16 -
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OPERATION LOG 

SUMMARY 

Feed 9590 Ibs. Total feed 9691 lbs. 

Product 50641hs. - Spillage 101 Ibs. 

COi loss 4153 lbs. Net feed 9590 lbs. 

Dust loss 3741bs.* 

% Dust loss 3.9 

I" 

I 
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OPERATION LOG 

lbs. Feed 
Date Time Cumulative Ibs. Product Temp. Range • :F. Notes 

Oct. 12, 1962 1810 100 I'· Fan turned .on. 
1800-1900 250 A djtisted feed to 

100 Ibs. /hr. 
1900-2000 350 
2000-2100 450 
2100-2200 575 
2200-2300 725 A djusted feed to. 

ISO Ibs /hr . 
2300-2400 S75 

Oct. 13# 1962 2400-0100 
t . 0100-0200 1091 309 3/4: 19S0-2030 End of shake down. 
~ 
00 

, I Oct. 13, 1962 0200-0300 150 1956-2200 
0300-0400 300 1800-2100 
0400-0500 450 1900-1940 
0500-0600 600 1900-21S0 
0600-0700 750 372 3/4 IS90-20 10 Product barre-l No. 2 

Oct. 13. 1962 0700-0800 150 1930-2000 
OSOO-0900 300 1850-1S80 
0900-1000 450 1800-lS30 
1000-1100 600 IS60-Z020 
1100-1200 750 19S0-2070 
1200-1300 900 20S0-2110 
1300-1400 1050 2040-2100 



OPERA TION LOG 

lbs. Feed 
Date Time Cumulative lbs. Product Tem,p. Range 0 F. Notes 

Oct. 13, 196Z 1400-1500 lZ00 359 1/4 ZOoO Product barrel No. 3 
1500 -1600 1350 350 1/2 2060-2090 Product barrel No. 4-

Oct. 13, 196Z 1600 -1700 150 Z040-Z090 
1700-1800 300 1990-Z930 
1800 -1900 450 1980-Z080 
1900-Z000 600 1990-2100 
2000-Z100 750 325 1/4 2,01:0 -Z090 Product barrel No.5 
Z100-ZZ00 900 lPjO-Z090 
ZZOO-2300 1050 191!{) -2110 2325 Feed to kiln plugged 

~ Z340 Feed to kiln ope.n 
...0 

2300-2400 lZ00 Z95 3/4 1990-2100 Product barrel No.6 

Oct. 14, 1962 Z400-0 100 150 1910-1990 Gas meter readiBg@fOOZO hr 
0100-0200 300 199"0-2110 920,410 cu. ft. 
0200-0300 450 '10"]0 -2110 
0300-0400 600 1990-20Z0 
0400-0500 750 1990-Z080 125 lbs. of reburn added. 

0400 hrs. 
0500-0600 900 " 337 3./4 ZO 10-1860 Product barrel No. 7 
0600-0700 1050 1910-2040 
0700-0800 1200 2'80 1/4 1980-Z040 Product barrel No.8 

Oct. 14~ 1962 0800 -0900 50 2040 -2000 0800 hrs. Conveyor motor 
stopped - hand feed • 

0900-1000 200 200,() 1040 hrs. Conveyor back on. 
1000-1100 350 2000-1900 
1100-1200 500 1860-1900 
1200-1300 650 1830 -1880 

Oct. 14, 1962 1300-1400 800 1900-2020 Exhaust fan on. 
1400-1500 950 ZOOO-2030 Exhaust fan off, c.oled 

charge. 
1500-1600 llOO ZO~-1850 

1600-1700 1Z50 465 199'O-Z080 Barrel No.9 
1700-1800 1400 1970-Z030 
1800 -1900 1550 Z030-Z 150 
1900-2000 1700 424 1990-2020 Barrel No. 10 

Oct. 14, 1962 2000 -2100 150 Z-QQo.-2050 
2100-2200 300 2100-2230 
2200-2300 450 2050-2080 Gas meter reading (P>Z3-45 bra. 

946, 100 cu. ft. 
2300-2400 600 275 1/2 2050-2080 Barrel No. U 

Oct. 15, 1962 2400-0100 150 1900-2000 
o 100-0Z00 300 2000-2080 
OZOO-0300 450 20l0-20S0 
0300-0400 600 19~:t>-2010 
0400-0500 750 342 3/4 1960-2030 Barrel N'~. 12 
0500-0600 900 Z() 10-2090 
0600-0700 10SO Z060-Z140 Gas meter read~ 06Z0 

953,850 cu. ft. 
0700-0800 1200 326 2000-2080 Barrel No. 13 

Oct. 15, 1962 0800-0900 ISO 2050-2110 
0900-1000 300 2080-2120 
1000 -1100 450 1990-2050 Gas meter reading~ 1040 

959.270 cu. ft. 
1100-1200 600 299 1/4 Barrel No. 14. Fueloff. 

End of operation 
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Traylor Rotary Coolers provide satis­
factory cooling of many kinds of hot 
materials- in short, any product in 
which it is required to reduce the tempera­
ture of the material (for handling on 
belts or for storage or sacking) with full 
recovery of the balance of the heat con­
tained in the material. These coolers are 
designed to accomplish quick cooling of 
the material and, therefore, large capaci­
ties are secured by their use. 

Traylor Rotary Coolers are built in 
four types , to meet practically all re­
quirements, viz :- (1) Conventional; (II) 
Diaphragm; (III) Multiple Tube (Air 
and Water-cooled); (IV) Multiple Tube 
(Water-cooled). 

The Conventional Type (I) is a straight 
flow unit. About one-third of the shell , 
at the feed end, is lined with fire brick 
and suitable lifters are placed throughout 
the entire length to advance and shower 
the material. In some cases, chains are 
also employed to hasten transfer of the 

20 

heat of the material to the cooling aIr, 
which travels counterflow. 

The Diaphragm Type Cooler (II) is 
also a straight flow unit. 

The length of the cooler is divided into 
three parts- a receiving chamber, a dia­
phragm section and a blank discharge 
end section. 

In operation the material to be cooled 
is spouted into the receiving chamber 
and as it moves forward it is picked up 
by the compartments of the diaphragm 
section. In these compartments it is well 
showered and propelled forward by lifters 
and, in addition , it is constantly in con­
tact with the chains in the compartments 
which serve to hasten the transfer of the 
heat of the material to the air. 

The Multiple Tube Type Cooler (III) 
is a straight flow unit , designed for use 
in processes where it is desired to pre­
vent the cooling air from coming in con­
tact with the material , because of the 
harmful effect it would produce and for 
the elimination of dust. 

'" 
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Central Control Panel-J'-O" dia. x 250'-0" Traylor Rotary Kiln. 

In modern practice it is advantageous 
to have closely controlled operation of 
the rotary kiln and other units. By this 
means it is possible to provide more 
productive efficiency, as well as lower 
costs for all processes, such as roasting, 
burning, firing , calcining, drying, sintering 
or nodulizing . . . in the production of 
lime, cement, manganese, nickel , alumin­
um, magnesium, zinc, tin , refractories, 
phosphates, dolomite or pigments. With 
close control of these processes, through 
centralized instrumentation, the product 
quality is improved, fuel economies are 
effected and kiln capacity is increased. 
This method of instrumentation also 
provides records for statistical analysis. 

With Traylor centralized control , all 
instruments, gauges , indicators, recorders 
and other controls are located on a central 
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panel on the firing floor , readily accessible 
for the operation of the kiln. Strip charts 
or round charts from the recording instru­
ments give a clear picture of the complete 
kiln operation at all times. Performance 
is shown of the feed , product and fuel 
rates; burning zone and exit gas tempera­
tures; draft conditions ; air flow, kiln 
speed, etc. 

Fuel savings and a high uniform pro­
duction flow are brought about through 
automatic draft control , with indicators 
to show the entrance and exit gases and 
automatic adjustment of the stack damp­
er it is possible to automatically maintain 
the proper flow of air for combustion. 
Typical instrument panels are illustrated 
on this and the facing page showing ac­
tual installations in operation. 

The Multiple Tube Cooler is designed 
with a welded plate steel outer shell 
containing a number of tubes which are 
sealed at both ends against the entrance 
of any air except such small quantities 
as cannot be prevented from entering 
with the material being fed to the cooler. 

In operation, the hot material is fed 
into the cooler feed chamber through a 
steel spout. As the cooler revolves, this 
feed chamber delivers the hot material 
into the tubes. The rate of progress of 
the material through the tubes is gov­
erned by the inclination at which the 
cooler is set, which is predetermined by 
the cooling requirements to be met and 
the capacity desired. 

When the material arrives at the 
discharge end of the cooler it is spouted 
directly into a housing sealed against 
the entrance of air and the escape of dust 
from the inside. 

The design of the cooler is such that 
parts are easily accessible and the load is 
so distributed that a minimum of power 
is required for driving. 

Traylor builds various special types 
of rotary coolers , among which are the 
Water-cooled and the combination Air 
and Water-cooled Multiple Tube Types. 

In the water-cooled type the tubes 
are of welded heat-resistant steel con­
struction and of a number and size to 
suit the capacity desired. These tubes 
are attached at each end to a steel 
plate tube head which is bolted to the 
supporting head . These supporting 
head castings are designed with oversize 
trunnions which support the machine in 
heavy water-cooled bearings. The feed 
end hood is fitted with a steel spout, 
carefully packed against the escape of 
dust, and a dust-tight spout is provided 
at the discharge end of the cooler. The 
machine is driven by a fully enclosed 
girth gear at the discharge end through 
a speed reducer. 
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In operation the material to be cooled 
is fed by spout into the feed end com­
partment and from there it flows into the 
open ends of the muffle tubes , traverses 
the tubes for a portion of their length 
where it encounters the diaphragm units 
where it is split up by these diaphragms 
into four separate shallow streams, each 
passing into one of the segmental com­
partments formed by the diaphragms 
with the walls of the tubes. During the 
rotation of the cooler the material is 
showered from one compartment to 
another through the openings in the 
diaphragms- this mixes and tumbles the 
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material about and exposes all parts of 
it to the cooling surface of the tubes. 
These openings are staggered, relative to 
each other, along the length of each dia­
phragm. The material flowing through 
the openings in one diaphragm is in­
terrupted by the next diaphragm, thus 
interrupting the travel of the material 
between the segmental compartments 
and causing the material to move a short 
distance forward along each diaphragm 
before it escapes onto the next diaphragm. 
This insures a suitable interval of contact 
between the material and the diaphragms 
and helps in the cooling effect. 

Throughout the travel of the material 
through the muffle tubes it is directly 
cooled by the spray pipes. These pipes, 
depending upon the design and effect to 
be secured, can be located below the 
cooler , through the center of the cooler 
or above the cooler to spray the tubes 
with water properly and help to cool the 
material rapidly. 

Wherever the spray pipes are located 
the water discharges from different direc­
tions against the tubes and as they 
rotate out of the range of the water 
sprays and complete the path of rotation , 
the moisture evaporates from the outside 
of the tubes and accelerates the cooling 
action. Because this evaporation effect 
is important for the most efficient opera­
tion of the cooler , the tubes are preferably 
left uncovered and exposed to the air in 
order to promote the free circulation of 
air into contact with the tubes. 

As the cooled material issues from the 
ends of the muffle tubes it is directed by 
a deflector piece out through the hollow 
trunnion and then into the discharge 
head. From the discharge head the 
material is led off by way of a chute. 

Another design of these special coolers 
utilizes water , or both air and water 
together , as the cooling medium or 
mediums. 

In operation, the hot material coming 
from the rotary kiln is fed through the 
spout, which is refractory lined, into the 

9'.011 dia. )( 175'.011 Traylor Rotary lime Sludge Recovery Kiln at paper mill in Florida, U.S.A. 

Many rotary kilns are operated with an 
opening between the end of the kiln and 
the kiln hood. However , in order to con­
trol combustion in the kiln it is necessary 
that a seal be provided at this point. 
The photograph at the left shows a dis­
charge end seal of the labyrinth type 
which is used in this instance to control 
the secondary air required for combustion. 
The secondary air enters the chamber 
which completely encircles the discharge 
end of the kiln, thereby distributing the 
air about the entire circumference of the 
kiln . This keeps the discharge end of the 
kiln and the nose ring segments cool and 
protects the end plates as well as intro­
ducing the secondary air equally around 
the flame for more efficient combustion. 

15 



In order to prevent, as much as possi­
ble, the infiltration of air, various types 
of air seals have been devised for both the 
feed end and discharge end of Traylor 
Rotary Kilns. 

All Traylor Rotary Kilns are offered 
with a feed end air seal , unless other­
wise specified. 

Discharge end seals are only included, 
when, after a study of conditions, it is 
decided that a seal at this point would be 
advantageous. 

The standard seal for the cold or feed 
end of rotary kilns is illustrated in the 
top photograph. 

This consists of an angle-shaped nozzle 
bolted on the housing. One leg is bolted 
to the housing and the other placed on the 
same inclination as the shell . An angle­
shaped machined floating seal ring casting 
fits over the nozzle. Wearing plates are 
bolted to the vertical face . The floating 
ring is mounted on rollers running on a 
track and supported on angle brackets. 
The rollers take a wire rope supporting a 
counterweight to keep the wearing faces 
constantly in contact. An angle ring with 
a machined vertical face is fastened to the 
shell. This has a segmental wearing ring 
bolted to its flange. The wearing rings 
run together, the one revolving with the 
kiln and the other remaining stationary. 

Another type of seal is the labyrinth 
type illustrated in the lower photograph. 
This seal consists of a nozzle bolted to the 
dust housing. A flange , placed on the 
same inclination as the kiln , is provided 
for bolting a seal plate to it. A labyrinth, 
formed by using two annular plates with 
a spacer between them, all held together 
with bolts, is mounted on the shell. A 
drive , consisting of a key welded to the 
shell and fitted to the labyrinth, is 
provided. 
14 

material-receiving compartment at the 
forward end of the drum. From this 
compartment the material flows into the 
inlet ends of the muffle tube. 

During the period of travel of the 
material through the forward chamber 
of the cooling drum, the heat transmitted 
through the walls of the muffle tubes is 
carried off by the air by means of a fan of 
small capacity connected to the pipe 
leading off from the casing, is drawn into 
the chamber through the inlet ports and 
deflected across the tubes by the baffle 
ring. The .highly heated material thus 
undergoes a gradual cooling and the air 
entering the casing is heated to a high 
temperature by reason of its passage into 
contact with the muffle tubes so that 
this air may be used in the burner of the 
kiln for supplying the air of combustion 
or may be piped to the coal pulverizing 
mill , such as is frequently provided in 
conjunction with coal-fired kilns , for 
drying and preheating the fuel in advance 
of its delivery to the burner. 

The material , after passing through the 
forward compartment, enters the chamber 
where the tubes are exposed to the water 
spray. The spray pipe rotates with the 
drum and directs jets of water in various 
directions against the muffle tubes so 

that the tubes are showered with water 
throughout their entire period of rotation 
and the material is rapidly cooled. The 
water falling into the drum flows out 
through the drain slots into the basin 
located below the drum and this heated 
water may be pumped to other parts of 
the plant for use in boilers or other 
appropriate apparatus , or the water may 
be cooled for recirculation through the 
cooler. 
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TRAYLOR 
ROTARY 
KILNS 

Operating on limestone, 
oyster shells and recar­
bonated sludge and are 

8'·0" dia . x 160'·0" Traylor Rotary Kiln 
in paper plant in Alabama, U.S.A. 

KILN 
FIREHOODS 
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ROLLER SUPPORTS 

2 Roller Supports of a 4-support 7'-0" 
dia . x 250'-0" Traylor Rotary Kiln in 
paper plant in Washington, U.S.A. 

Thrust roller mechanism and 
drive of a 7'-0" dia . x 
200'-0" 4-support Traylor 
Rotary Kiln at paper plant 
in Oregon, U.S.A. 
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,. 

FOR 
PRODUCING 
LIME 
used in basic as well as 
in chemical processing 
plants. 

2-8'-6" dia. to 7'-0" dia . x 400'-0" Traylor 
Rotary Kilns in lime plant in Central Pennsyl ­
vania, U.S.A . 
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Because of the rapid cooling of the 
material in the spray chamber the cooler 
may be substantially shorter than hereto­
fore when the cooling was done entirely 
by air, thus providing a more compact 
and lighter structure, requiring less power 
for its operation. Furthermore, sufficient 
heated air is reclaimed from the cooler 
to meet the normal needs of the plant. 

Another form of a combination air 
and water-cooled cooler is illustrated on 
Page 20. In this cooler the material to 
be cooled is continously passed through a 
series of relatively thin-walled muffle 
tubes supported in header plates. The 
tubes are air-cooled throughout a portion 
of their length and water-cooled for anoth­
er portion of their length. The air-cooled 
portion is enclosed within a housing or 
cylindrical drum, through which a stream 
of cooling air is passed, and the water­
cooled portion of the tubes , located 
beyond the end of the housing, is exposed 
to a water spray further to promote the 

cooling of the material. The air is 
introduced into the housing under pres­
sure through an intake conduit opening 
centrally through the back header plate 
and removed from the housing through 
an offtake conduit opening through the 
front header plate. The intake conduit 
is extended through the water-cooled 
zone of the cooler and exposed to the 
water spray for pre-cooling the air prior 
to its introduction into the housing. 
The water-cooled muffle tubes are located 
beyond the housing and open to the 
atmosphere so that the outside air is free 
to circulate into contact with the wet 
tubes and increase, by evaporation, the 
cooling of the tubes. 

The weight of the cooler, in major 
part, is supported for rotation upon 
ro11ers mounted upon a concrete founda­
tion. These rollers engage riding rings 
placed on the drum. The cooler is rotated 
by means of a ring gear and pinion driven 
by a motor through a speed reducer. 

Standard gear guards are made of steel 
plate and completely cover both the 
main gear and pinion and protect them 
from much of the dust and dirt. 

Weatherproof guards, which completely 
enclose the main gear and pinion , are 
offered as special equipment, on special 
request. 

The standard firehood for Traylor 
Kilns is made of steel plate of welded 
construction. It is made to size so as to 
allow the discharge end of the kiln to 
project inside of the hood so that the 
material is dropped directly into the dis­
charge opening provided in the bottom. 
See illustration below. 

In the front face there are openings 
for (1) the burner pipe, (2) clean-out 
door, (3) observation holes, (4) any other 
openings that may be required , such as 
secondary air pipe, radiation pyrometers, 
etc. It is also equipped with a clean-out 
door at the bottom of the front of the 
hood. 

An access door is placed in the side of 
the kiln hood. This is large enough so 
that most of the refractory repairs and 
other necessary maintenance to the kiln 
can be made through this door. A door 
of this type makes it generally un­
necessary to disconnect piping or roll 
the kiln hood backwards for normal 
maintenance and saves considerable time 
and expense. 



for proper operation they should not 
have to be touched. With an adjustable 
hase under the driving unit it is easy to 
compensate for wear, etc., by doing all of 
the adjusting at one point, namely, the 
drive base. See above. 

An auxiliary gasoline power unit, as 
shown in both photos, is recommended on 
all multiple support kilns to rotate the 
kiln at slow speeds in the event of power 
failure. 

For rotary kilns or other rotary units 
with two supports it is not considered 
necessary to provide an adjustable base 
upon which to mount the driving unit for 
the reason that to keep the gears in mesh 
only · two supports must be adjusted. 
Therefore, this type of drive is provided 
with a sole plate which is not adjustable. 
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All drives may be arranged for direct 
connection to the motor through a coup­
ling or provided with a V-belt drive. 

Several other designs of drives are 
employed for special operating conditions. 

Traylor Rotary Dryers are similarly 
constructed to Traylor Rotary Kilns 
and Traylor Rotary Coolers. In the fab­
rication of the shell, design and assembly 
of the riding rings , supporting rollers 
and "girth gears, the same care and pre­
cision methods of manufacture are em­
ployed. 

Traylor Rotary Dryers are of two 
types- Indirect Fired and Direct Fired. 
The first named is for use in drying 
materials that must not be contaminated 
by the products of the combustion of the 
drying fuel , or in cases where the gases 
of the material being dried, such as coal , 
might ignite from the sparks of com­
bustion. The Direct type , which is the 
more efficient of the two, is used in cases 
where the restrictions mentioned do not 
apply. 

Traylor Indirect Fired Dryers are of 
three designs- (I) with inner and outer 
shells, (II) with a single shell completely 
enclosed in a stationary housing of brick 
or other construction , and (III) with a 
number of tubes contained within an 
outer shell . In any of these designs , a 
firing chamber is provided, under or at 
the feed end of the dryer, using any type 
of fuel. 

In the double shell dryer (I) the 
material being dried is contained in the 
outer shell , while the gases pass through 
the inner shell to its end, which is slightly 
inside of the end of the outer shell . At 
that point all danger of "flashing" from 
sparks having passed, the gases enter the 
outer shell , reverse their direction and 
flow countercurrent to the material , to 
the exit point at the feed end of the dryer. 

In the housed dryer (II) the gases sur­
round the single shell containing the 
material and enter the shell at the dis­
charge end after danger from "flashing" 
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is past. Then the gases flow counter­
current to the material , to the exit point 
at the feed end. 

The tube dryer (III) is of a construction 
similar to the multi-tube cooler described 
on Pages 20 and 21 of this bulletin and is 
designed for handling materials which 
might become contaminated by contact 
with the combustion gases. 

In all of these designs, lifters , set in a 
sharp spiral , are provided at the feed 
end of the dryer, to facilitate entry of the 
material into the shell , and others , set at 

a lesser angle , throughout the balance of 
the shell , to shower it freely while 
advancing. 

Traylor Direct Fired Dryers, or those 
into which the heat is introduced directly , 
are of two general designs- (I) those 
having a furnace at the discharge end 
open to the shell and (II) those having 
an inner brick-lined fire tube projecting 
for some distance in from the discharge 
end. In the first of these designs (I) the 
furnace may be of the stationary type, 
arranged for coal, oil or gas firing, or the 
furnace may have the form of a portable 
combustion chamber, attached to the 
discharge end of the dryer with a suitable 
air seal. Combustion chambers may be 
arranged for pulverized coal , oil or gas 
firinr · 

Rotary units are revolved by means 
of a train of spur gears. The main or 
girth gear of a rotary kiln is mounted on 
an inverted section gear-holding flange , 
made in halves and usually of cast steel , 
and is fastened to the shell close to the 
thrust riding ring, which is located near 
the middle of the kiln to maintain proper 
longitudinal mesh with the pinion. The 
teeth are machine-generated with high 
addendum and the gear flange is faced on 
both sides, making the gear reversible 
so that both faces of the gear teeth may 
be used. The main pinion is of cast, 
forged or tool steel with low addendum 
machine-generated teeth and is fitted and 

keyed to the slow speed shaft extension 
of the speed reducer or mounted on a 
jackshaft connected by a coupling to 
the slow speed shaft of the reducer. All 
gears are of heavy proportions to take 
care of shock load, wear and life expec­
tancy. 

The use of long kilns for fuel economy 
requires a multiple number of riding 
rings and supporting rollers. For efficiency 
in operation, provision should be made to 
adjust the main gear and pinion without 
regard to the level of the kiln shell or 
adjustment of the supporting rollers. 
Therefore, an adjustable base is recom­
mended as standard construction under 
the complete driving mechanism unit. 
It is difficult to keep the gear and pinion 
in proper mesh by changing the roller 
supports as once these supports are set 



obtained. With this type of construction 
the two bearings must maintain perfect 
alignment with the shaft, regardless of the 
point on the surface of the roller where 
the maximum pressure is exerted by the 
moving kiln. 

The base of each bearing is cored out to 
hold a large supply of oil and is water­
jacketed for cooling the oil. 

The oil is lifted by means of a bucket 
wheel which delivers it to a distributing 
pan so as to flood it over the entire length 
of the shaft. The design of this oil well 
and the oil distribution are shown in the 
drawing on Page 7. 

One set of roller bearings in each kiln 
assembly is always equipped with a pair of 
thrust roller bearings (one horizontal 
roller on each side of the riding ring or 
tire) to prevent the kiln moving uphill 
or downhill. Standard practice is to 

counteract this movement or end thrust 
by a slight adjustment or skewing of the 
supporting rollers. (See beloW). How­
ever, the thrust bearings can be designed 
to carry the full thrust of the kiln with 
the supporting rollers running parallel. 

The thrust rollers in most instances 
are conical to insure true rolling contact 
on the riding ring which is tapered on 
both side faces. They are large in diame­
ter and have wide surfaces so that the full 
face of the roller is in contact with the 
tire at all times. 

Traylor also makes three other designs 
of roller supports which are used on 
dryers , coolers and slakers- one is a self­
oiling type- another a grease lubricated 
type and the third is fitted with double 
Timken bearings- for either oil or grease 
lubrication. 

In the second of the designs mentioned 
(II) the fire tube communicates with a 
furnace , or it may be used as a com­
bustion chamber with a burner for pul­
verized coal, oil or gas. The function 
of the fire tube is to project the heat 
further into the dryer toward the feed 
end than is possible without it in order 
to aerate and cool the material passing 
through the annular chamber surrounding 
the fire tube. 

Traylor Dryers of the two designs just 
described are divided into chambers by 
diaphragms, except for a short distance 
just inside of the feed end, which is blank 
and brick-lined. Lifters are welded to 
the diaphragms and the shell is provided 
with inclined lifters for advancing and 
turning the material as has been de­
scribed previously. 

Any Traylor Dryer providing for coun­
terflow of the combustion gases, except 
the last one described , may be arranged 
for parallel flow, to meet special con­
ditions, by locating the furnace at the 
feed end. 

All Traylor Rotary Dryers are designed 
for use with the usual dust chamber and 
stack. An exhaust fan may also be pro­
vided at extra charge. 

Traylor Lime Slakers are of the rotary 
double shell or drum type and designed 
to handle either cold lime or lime as it is 
discharged from the kiln at temperatures 
up to approximately 1800 OF . These slakers 
are also designed to produce, in the first 
step, a lime putty, and in the second step, 
to dilute the lime putty to milk of lime 
of any consistency desired. The actual 
slaker temperature and the diluting tem­
peratures are mechanically controlled by 
thermocouples placed in the lime putty 
zone and in the milk of lime discharge. 
The slaker not only controls the settling 
rate of the resultant particles of lime 
but also acts as a classifier to eliminate 
grit or sediment, and discharge it from 
the system. All Traylor Slakers are built 
to specification and to fit the particular 
job for which they are intended. 

The brief specifications following will 
serve to acquaint the reader with the 
construction of these slakers. 

The main shell or drum is made of 
heavy steel plate of the same full welded 
construction as all Traylor Kilns , Coolers 



8'-0" dia . x 160'-0" Traylor 
Rotary Kilns in paper mill in 
Alabama, U.S.A. 
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TRAYLOR 
KILNS IN 

CHEMICAL 
PROCESSING 

PLANTS 

11 '-0" dia. x 100'-0" Traylor Ro­
tary Kiln in chemical processing 
plant in California, U.S.A. 

in number, depending upon the length of 
the kiln . We recommend, for use on kilns , 
coolers, dryers and slakers, the " full-float­
ing" type of tire . The special mounting 
of these tires holds them securely in place 
relative to the roller supports but permits 
them to float free of the shell as it con­
tracts and expands. Traylor tires have 
wide faces and are made of machined 
steel. They are either cast steel box sec­
tion or cast or forged steel solid section . 

It is necessary , at times , to replace worn 

The efficiency of modern rotary kilns 
is due , in no small measure , to the roller 
supports on which they run . Easyalign­
ment, continous operation and low main­
tenance are highly important for modern 
heavy multi-support rotary kilns . Traylor 
engineers pioneered in the design and 
perfection of the easy aligning, single 
roller supports , used on Traylor Rotary 

or broken tires. To eliminate the neces­
sity of cutting the kiln shell to remove 
the tire , rewelding and realigning it after 
the new tire is installed, sectional tires 
have been designed by Traylor engineers. 
One of these is a tire cast in two pieces 
with the abutting joints machined so as 
to form a self-locking joint. Another is 
made in four pieces, divided into halves 
circumferentially, and each of these halves 
divided longitudinally with tongue and 
groove joint. 

Kilns , Coolers , Dryers and Slakers. 
The standard roller support is the two­

roller type , as illustrated below, made 
with cast steel or forged steel rollers 
mounted on forged steel shafts. The 
bearing bases are cast integrally and are 
very heavy. Note that each of the two 
bearings supporting the roller are tied 
together so that a rigid mounting is 

View of oil reservoir and oiling mechanism distributing oil over 
the shaft in a Traylor Single Support Roller Bearing. 7 



Kiln section mounted on cars ready for shipment. Note-riding rings and gear Range assembled in our plant. Shell is 
ready to place on support rollers. 

Heavy machined steel tires or riding 
rings are a very necessary and important 
part of every rotary kiln , especially on the 
longer multi-support kilns which are being 
used to a greater extent in many of the 
process industries. 

The type of tires or riding rings supplied 
with a Traylor rotary unit is selected after 
a study has been made of the conditions 
under which it must operate. Traylor 
equips all of its kilns and other rotary 
equipment- coolers, dryers and slakers­
with the best type of tires for the service 
which the machine is to render. 

The tires or riding rings are two or more 

• • • ·-'~i • 
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8'-0" dia . x 160'-0" Traylor 
Rotary Kiln in paper plant in 
Alabama, U.S.A. 

7-9'-6" dia. x 250'-0" Traylor 
Rotary Kilns in bauxite plant in 
Alabama, U.S.A. 



and Dryers and is straight and true. 
Inside the feed end there is a concentric 
cylinder made of thick plates. This 
cylinder is rigidly fastened to two sets of 
four bent bars riveted to the outer and 
inner shells. 

At a properly determined point from 
the feed end of the shell is a continuous 
spiral flight made of bars welded to the 
outer shell and extending into the annular 
space between the inner and outer shells 
a suitable distance. This flight is spaced 
at one foot pitch. The height of the 
flight varies from two inches high at the 
feed end to six inches high at the dis­
charge end. 

A feed head, with an adequate opening, 
is provided in the feed end. It is fitted 
with a drip flange. 

The conical section at the discharge 
end has an opening at the small end. It 
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is provided with a drip flange to prevent 
water running down the outside of the 
shell . A continuous conical flight is 
welded into this cone. 

A series of short lifters is welded to the 
inside to move the cones toward the dis­
charge end. These are really interrupted 
helixes. All parts of Traylor Slakers 
which are exposed to the liquid are of 
stainless steel, the outer shell being 10% 
stainless clad, one side (inside) only. 

The drum is provided with a sufficient 
number of cast steel riding rings, which 
are securely wedged and welded to the 
stiffener plates on the shell. The tire 
nearest the feed end is beveled on the 
sides to suit the thrust rollers. These 
tires are carefully turned, bored and 
faced. 

The supporting rollers are large in 
diameter, to obtain suitable bearing con-

o 
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tact with the tire. They are made of 
cast steel, carefully annealed, machine­
finished and pressed on the shafts. The 
shafts are made of low carbon forged 
steel , annealed, and- are increased in size 
in the center. 

A flange is riveted on the shell to which 
the gear is attached. It is turned, faced 
and drilled to templet to receive the 
gear. 

The drive consists of a girth gear made 
in halves, carefully machined and faced 
on both sides so that the gear may be 
reversed to use both faces of the teeth. 
The main pinion is keyed to the slow 
speed shaft of the reducer. The girth 
gear and main pinion are enclosed in a 
sectional housing. 

The speed reducer is provided with 
outboard bearings for the heavy shaft 
and is fitted with a coupling for connect­
ing to the motor. _ 

The motor, speed reducer and outboard 
bearings for the speed reducer are all 
mounted on a steel sole plate. 

The illustrations on Pages 29, 32 & 33 
show representative installations and shop 
assemblies of Traylor Rotary Slakers. 

When rotary kilns are to be installed 
close to sea level or the water table level 
or when drainage is a problem, such 
installations, in order to keep the entire 
plant above the water level, would in­
volve massive construction and expensive 
foundations to erect the kiln at an ade­
quate height so that the hot material 
could be properly discharged into a 
cooler or slaker. For installations in­
volving these problems a special hot 
materials conveyor has been developed 
which is illustrated on Page 34. 

From these illustrations it w:ill be noted 
that the conveyor consists of heavy cast 
heat-resisting metal buckets which move 
on axles connecting each bucket. The 
axles are equipped with flanged wheels 
whiCh operate on rails. 

By the use of a conveyor of this type 
it is possible to erect the feed end of the 
cooler or slaker on approximately the 
same level as the discharge end of the 
kiln. In this way the excess costs of 
construction are eliminated. 



TRAYLOR 
HOT MATERIAL 

CONVEYORS 
Traylor Hot Material Conveyor with 24" wide pans in paper 
mill in Louisiana, U.S.A. 

Traylor Hot Material Conveyor with 32" wide 
pans in paper mill in Virginia, U.S.A 
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tion, Traylor engineers secure all of the 
pertinent information about the process 
and the product. They study every step 
of the process in which the proposed kiln 
is to be used. Then, from their past 
experience and records of operating data 
covering several hundred rotary kiln in­
stallations and the results of the study 
made, our engineers design the kiln of the 
best type and size which will produce the 
right product with the greatest economies 
in fuel and operation. 

There are also many additional factors 
which are taken into consideration by 
Traylor engineers in making up the 
drawings and specifications. From these 
factors are determined such necessary 
parts as the best type of roller supports­
the proper drive- the right kind of air 
seals to be used ... either on both ends 
or only one end of the kiln , etc. and etc. 
Taken all in all , it is careful engineering 
from start to finish which assures Traylor 
kiln users that they have the best in 
thermo-processing equipment. 

''c'-'-',', ,,', " 

All Traylor kiln shells are made of 
quality steel plate of a thickness suitable 
for the service for which intended, with 
the necessary reinforcing bars , brick 
retaining rings, feed heads and discharge 
ends. 

The sections on which the riding rings 
are mounted are made of heavier plate 
than the balance of the shell . 

All shop joints are automatically weld­
ed. 

The field joints are provided with the 
necessary clamps and bolts for aligning 
before welding. 

Chain of the proper quantity and size 
is included for wet process kilns. 

In all cases where transportation limi­
tations permit, Traylor Rotary Kilns 
are shipped with riding rings and gear 
flange assembled (See photo on Page 6), 
ready to place on the support rollers. 
The shell is shipped in as few a number 
of sections as is practicable. The joints 
between the shell sections are welded in 
the field . 
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An example is the rotary kiln. Origin­
ally designed for use by and in the 
portland cement industry, where it 
increased production, produced a more 
uniform product and reduced costs per 
barrel of cement, the function of the 
rotary kiln and the results that could be 
obtained through its use were not long 
in being recognized by many other in­
dustries, and it was soon included in 
various manufacturing processes, thereby 
replacing other less economical types of 
equipment formerly used . . 

Examples are the utilization of the 
rotary kiln in the sulphate pulp industry, 
also in many mineral industries where 
they have changed over to the use of 
rotary kilns. 

Present trends indicate an even greater 
and wider future use of rotary kilns in 
the process industries. This wider use 
of rotary kilns is due to continual im­
.provements made in the efficiency of 
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kilns , to which Traylor engineers have 
made many contributions. 

With the steadily increasing demand 
upon process industries for greater pro­
duction , the rotary kiln offers many 
technical and economic advantages. No 
other method has equalled the perform­
ance of a rotary kiln from the standpoint 
of capacity, continuous production and 
lower maintenance. 

A partial list of materials processed in 
rotary kilns appears on the inside front 
cover of this bulletin. 

A rotary kiln must give long periods of 
continuous service, therefore, it is very 
necessary that sound engineering design 
and careful analysis of the work it is to do 
precede the actual construction of the 
machine so that when finally installed in 
the plant of the user it can be depended 
upon to operate with greatest efficiency. 

Before proceeding to design a kiln for 
installation in a thermo-processing opera-

A FEW OF THE 

TRAYLOR 
ROTARY I(ILN 

FOREIGN 

INSTALLATIONS 
9'-0" dia. x 175'-0" Traylor Rotary Kiln 
in bauxite plant in British West Indies. 



For fifty years Traylor has been one 
of the leaders in the advancement of 
rotary kilns and has engineered and 
developed a large number of major 
improvements. 

Rotary kiln performance has been 
greatly improved with Traylor Single 
Support Type Roller Bearings- all welded 
steel shells- feed and discharge end seals 
- heat recuperating chain systems for 
wet process kilns- improved kiln feeders 
- kiln controls- drives and many other 
innovations. 

During this time Traylor engineers 
have acquired a background of unusual 
experience in designing and building 
hundreds of rotary kilns. Soundness of 
design and high standards of Traylor 

craftsmanship have won the confidence 
of all industries in which rotary kilns are 
applicable. 

The photographs in the following pages 
show many kinds of Traylor Rotary 
Kiln installations, also brief descriptions 
of the designs and special features which 
make Traylor Rotary Kilns, Coolers, 
Dryers and Sla:kers the preferred choice 
of engineers and operators. 

It is not unusual for a machine, which 
has been designed, engineered and built 
for the requirements of one industry, to 
have its advantages recognized in other 
industries and be adopted for use in 
processes for which it was not originally 
designed. 



Ca1cining- Cement-(Wet or Dry Process)- Lime from Limestone, Oyster Shell or Carbonate 
Sludge for Paper Mills, Sugar Mills & Chemical Plants . Roofing Granules . Bauxite 
Magnesite . Dolomite . Gypsum . Clay . Expanded Aggregate • Vermiculite . 
Manganese . Petroleum Coke . Black Ash . Spodumene . Lithopone . Boron 

Roasting and Chloridizing- Gold . Silver· Iron· Titanium· Potassium Salts· Sodium 
Aluminum Sulphate 

Volatilizing- Mercury· Zinc Fuming (Waelz Process) 

Sintering- Iron Ore· Phosphate Rock 

N odulizing- Manganese Ore 

Clay . Iron . Frit . Salts • Coke . Tin Oxide . Dolomite . Chips . Antimony . Sand 
Limestone . Ilmenite . Slag . Coal . Bauxite . Copper . Zinc Residue . Gypsum 
Ammonium Sulphate . Manganese • Phosphates 

Gyratory Crushers (Type TC for primary service, Type TY for secondary service) 
Jaw Crushers (5 Types- M H HB R S- for primary service) 
Crushing Rolls (3 Types-A· AA . Four Tension Rod- for secondary service) 

Feeders Apron· Grizzley (Stationary or Reciprocating) . Slurry· Table 

Mills Wash· Pug· Rod· Tube· Ball· Compartment (2, 3 or 4) 

Scrubbers Oyster Shell . Rock • Ores 

Casting Machines Circular or Straight Line for Anodes . Cathodes . Wire Bars . Pigs 

Furnaces Zinc· Lead· Copper Matting 

Machinery for Cement Plants . Gravel Plants • Lime Plants . Sand Plants . Slag Plants • Slate Granule 
Plants . Concentrating Plants . Cyanide Plants . Milling Plants . Copper Converting 
Plants· Lead Refining Plants· Smelting Plants 
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Nature of Specimen 

Laboratory No. 

Submitted By 

for: 

Tests Made 

RESULTS 

VALLEY LABORATORIES 
Incorporat.d 

REPORT 

Limestone 

A6035~1 

E-40N.Pennebaker 
Thomas A. Goodnight, 
Ehoenix, Ariz. 

as listed 

Calcium Oxide (CaO), 

Carbon Dioxide (C02) 

Magnesium Oxide (MgO) 

Silicon D~oxide (Si0-2). 

29 .• 1:2 

20).10 

lI.BS 

2Q"'eSQ 

Date 

12.-22-60 
Date Received 

12.~20 ... 60 

Report Telephoned 

Resp.ectfully submitted, 

VALLEY LABORATORIES 

~.~--/~~ .. 
Michael J .• "livan 

As a mutual protection to clients, the public .nd ours.lv.s, this r.port is submitted and accepted for the exclusive use of th. client to whom it is .ddr .... d and pon th. con· 
d ition that it Is not to be us.d in whole or in p.rt or in connection with th. name of the.e laborafories nor any members of its staff without written authoriz.tion . These r.sults 
were obta ined by following standard I.bor.tory procedures; the liability of the corporation shall not exceed the .mount paid for this report. 



VALLEY LABORATORIES 
Incorporated 

.-"" '~~ ~:t>i ~ ~ ,,- " ,~ " ?<~, : 

, ,.., • ~ '" ~~M ".~." • _ ~..... ~'. ' " ~ 

REPORT 

Nature of Specimen L 

Laboratory No. 

Submitted By 

Tests Made 

RESULTS 

11. 88 

2.0.80 

Date 
12- 22- 60 

Date Received 
12-20-60 

Report Telephoned 

~~-/cf~....u .... 
1ch 1 • 0 11_v 

As a mulual protetlion to dients, the publit and ourselvea, Ihl. reporl is .ubmitted Ind Iccepted for the exdu.ive u •• of the dien! to whom it is Idd,eued Ind upon th. con. 
dition that it is not 10 be used in whole or in plrt or in tonneclion wilh the name of th ... llborltorie. nor any memb ... of It •• t.ff without written luthorlzltlon. The.e re.ultl 
were obtained by following standard laboratory protedures; th. liability of the corporation Ihall not exceed the amount paid for thi. r.port. 



Nature of Specimen 

Laboratory No. 

Submitted By 

for: 

Tests Made 

RESULTS 

VALLEY LABORATORI ES 

Limestone:. 

E.N.Eennebaker 
Thomas Ae Goodnight, 
Ehoenix, Ariz. 

ENF 
E N P 
ENE 
E N P 

2 

~ 
5 

Incorporated 

REPORT 

Percent Si02 ----------------
11.85% 
4~90% 
3.55% 
0.75% 

Date 

12:22-60 
Date Received ' 

12-20-60'~ 

Report Telephoned 

Resp.ectfu.11y submitted, 

VALLEY LA8D RATORIES. 

?yy'~J~~~ 
Michael J.~l~ivan 

.... 

As a mutu.1 protection to clients, the public and ouroelves, this report is submitted and accepted for the exclusive use of the client to whom it is addressed and upon the con­
dition tnat it is not to be used in whole or in part or in connection with the name of these Laboratories nor any members of its .taff without written authorization. These results 
were obtained by following standard laboratory procedures; the liability of the corporation shall not exceed the amount paid for this report. 



VALLEY LABORATORIES 
Incorporated 

~., 'f ~ ~' ~""'~, " ": •• (' " 1'" .. ,",_ .. ~, 

•• ~ • .., ~,,~~ ~~S;\t:t '( '" } , ~ ... ....: • \ ~ ~. C-I,'" > 

Nature of Specimen 

Laboratory No. 

Submitted By 
for: 

Tests Made 

RESULTS 

REPORT 

~R1e Markin 

E N P 2 

E~P a 
5 

VALLEY LAEO TORIES 

Date 

12- 22 .. 60 
Date Received 

12- 20-60 

Report Telephoned 

- /Y;/'L~~ fi3~.;".. 
1cha 1 J .~ljvan 

A. a mutual protection to clients. th. public and ourt.lves. this report is submitted and accepted for the exclu.ive u.e of the client to whom" i •• ddr .... d .nd ullon the con­
dition that it Is not to be used in whol. or in part or in connection with the name of th .. e Laboratori •• nor .ny members of It •• t.ff without written .uthorlz.tlon. The .. r •• ult. 
were obtained by following standard laboratory procedures; the liability of the corporation .hall not exceed the .mount p.id for this r.port. 



VALLEY LABORATORIES 

REPORT 

Nature of Specimen Date 

Laboratory No. Date Received 

Submitted By 
Report Telephoned 

Tests Made 

RESULTS 

As a mutual protection to client., the publit and ourselves, this report is submitted and accepted for the exclu.ive ule of the client to whom It il addrelled and u~on the con· 
dition that it is not to be used in whol. or in part or in connett ion with the name of the.e laboratories nor any memb.rs of It •• taff without written authorization. The .. r •• ult. 
were obtained by following standard laboratory procedures; the liability of the corporation .h.1I not exc .. d the amount paid for thi. report. 



VALLEY LABORATORIES 
Incorporated 

" I~ ''''~-'' "'/ -', '), ,1 ;'1. • 

_. _~'i"":...c, a:" .. )~~~~,<. L·'~" _~",J.' ... ".'i<.'>. __ """ • '. 

REPORT 

Nature of Specimen L~mestone 

Laboratory No. 

Submitted By 

for: 
Tests Made 

RESULTS 

(CaO) 29 .12 

Carbon Dioxiae (CO2) 20 . !O 

j.l.8B 

Silicon Dionde 

Date 
l2- 22- 60 

Date Rec~ivacl 
12- 2u-60 

Report Telephoned 

As a mutual protection to clients, the public and ou .. elves, this report is .ubmitt.d .nd accepted for the exclusive ule of the cli.nt to whom it il .ddr .... d Ind upon the con­
dition that it Is not to be used in whole or in part or in connection with the nlme of these laboratori •• nor any membe .. of its .tlff without writt.n luthorlzation. The •• r •• ults 
were obta ined by following standard laboratory procedure.; the liability of the corporation .hall not exceed the amount plid for thil report. 
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VAD.D.JEY ~AlTDO~AD. IIBA~ IK 
WILLETTA & FIRST ST. OFFICE 1400 NORTH FIRST STREET PHOENI X, ARIZONA 

January 10, 1963 

Dear Penney: 

Enclosed is the Colorado School of Mines report on 
Rotary Kiln Calcination of Limestone Sample for Tucson 
Lime and Chemical Company. 

Regards. 

Cordially, 

~ 
\ &vv\ 

Tom Goodnight 

Enclosure 

~----------- PROTECT YOUR FAMILY - APPOINT THE VALLEY BANK AS YOUR EXECUTOR AND TRUSTEE ------------
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VALLEY LABORATORIES 
Incorporated 

...: • .' ~~:~ ", ~ • ~ r • (" .. C ... ~ ),1.. ~.' .. • 

• " .f:.." ~, ) • - ~.', ~ 

REPORT 

Nature of Specimen Li e tone 

Laboratory No. 60339-1 

Submitted By oodnight 

Tests Made 

RESULTS 

rizona 

C leiu Oxi< (0 0) 

agn i Oxide ( gO) 

ilicon 0 ide (Si02 ) 
C rbo Dioxi. (C02 ) 

eroent 
52.08 
0.48 
3.40 

40.85 

Date 

12- -60 
Date Received 

1:!-3-60 

Report Telephoned 

submitt d, 

V LL E ~ B R 

*~J~ 
1 J. Sulliv n 

A. a mulual prOleclion 10 clienl., the public and ourselve., Ihi. reporl is submitted Ind Iccepled for Ihe exclu.ive u.e of Ihe clienl 10 whom II i. oddr .... d Ind ullon Ih. con­
d ilion Ihal il i. nOI 10 be used in whole or in parlor in conneclion wilh Ihe name of Ih ... Laborllori .. nor Iny members of il. allff withoul written lulhorizltion. Th ... r.aults 
were obllined by following slandlrd laboralory procedure.; Ihe lilbilily of Ihe corporllion .hali not exceed Ih. lmount Plid for thi. report. 
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COLORADO SCHOOL OF MINES RESEARCH FOUNDATION, INC. 

Mr. J. D. Mason 
4730 West 2nd Avenue 
Vancouver 8" B. D. 

Dear Mr. Mason: 

GOLDEN, COLORADO 

October 8" 1962 

Please excuse our delay in replying to your letter of September 23" 1962. In 
the interim,. the truck of limestone has been received here in good condition" 
a few experimental batch calcinations have been made on the material and I 
have talked with Mr • . Freeman" particularly with reference ,to one of your 
engineers' being present for all or part of the pilot burn. 

As matters now stand~ we expect to begin this run October 15th, and complete 
the run in about a week's time. I will advise with Mr. Freeman in advance 
of startup so that the engineer can schedule accordingly. Before starting the 
pilot !)urn" we have found it desirable to make a few mechanical changes to 
thE: r otary kiln and" hence" the delay. 

We note from your letter of September 23" 1962" that your organization has 
decided to em.bark directly on Phase II of the recommendations of our letter 
of August 15, 1962, and we have set up our program here accordingly. How­
ever, it has been necessary to run a few preliminary burns in our batch rota ry 

.furn9-ce iIi order to select-an optimum size for feed to the pilot kiln. This h a s 
been selected as all passing a 3/411 square opening. The bulk of the truck ship­
ment is, therefore" being crushed to -3/4 11 with dust and fine s remaining in 
the crushed product. Our preliminary batch burns indicated that during cal­
cination practically all of the limestone charge decrepitated to less than 1/811 , 

thus rendering it useless to remove fines from the charge ahead of calcination. 

In my opinion" this decrepitation characteristic is actually advantageous in that 
it should" therefore" not be necessary to screen out fines in a commercial 
operation and this fact eliminates the production of IIquarry screenings!!, which 
is usually a necessity in commercial lime burning operations. In other words" 
the only significant loss of limestone quarried should be that which is lost as 
dust or fines during calcination. 

Mj, fR'A1 INDUSTRY RfSlARCIi 



Mr. J. D. Mason 
October , 8~ 1962 

Page No.2 

We have selected -3/411 material bas 2d on ,. lew preliminary batch calcinations~ 
since this size seems to produce the most uniformly burned quick lime. We 
tried a -1-1/2" feed but found that the larger pieces did not decrepitate fast 
enough to properly blend with the bulk of the calcining charge. Should you un­
dertake a commercial operation~ the top size might be the subject of some 
experiment in the commercial kiln .. as to whether to select 1-1/411 .. 111 .. or 
3/4 11 

.. but the important aspect .. · in our opinion .. is that fines need 'not be removed 
ahead of calcination. 

In line with your request .. we are very pleased to herewith transmit our usual 
contract form covering Phase III as outlined on pages 3 and 4 of my letter of 
Aug~st 15 .. 1962 .. to you. This relates specifically to running the -3/4 11 lime-
stone you have furnished through a pilot size gas -fired rotary kiln to accomplish 
two objectives .. namely: (I) determination of yield of quick lime product .. and 
(2) preparation of a sizeable quantity of quick lime product for market evalu­
ation .. or other use .. as you may desire. In accomplishing these objectives .. 
we would base product yield on the {a} weight of limestone feed to the kiln.. (b) 
the loss of c~ gas .. based on limestone and quick lime analysis .. and (c) the 
weight of quick lime product discharged from the kiln. We would not attempt 
to recover stack dust quantitatively .. but would take samples of stack dust dur­
ing the calcination in order to gain some knowledge of the chemical analysis ' 
and physical characteristics of the dust. The quick lime product would be pack­
aged 'in tight steel drums and retained by us~ pending your further advice. 

As I have indicated to you .. we estimate our cha:rges .. including seven {7} days! 
operation of the pilot rotary kiln to accomplish the f~regcing cbje(!tives .. -,"[c::..ld 
not exceed $4000. We have therefore indicated a $4000 charge in our contract 
forms transmitted herewith. However ~ even though the laboratory phase studies 
have been eliminated~ it has been necessary to run a few preliminary batch burns~ 
as 1 have indicated" and the $4000 estimate .. therefore .. now contains no allow­
ance for contingencies. Mr. Freeman has indicated that product ' yield is the 

,primary objective and that it might not be necessary to process the entire 10 
tons of limestone through the pilot rotary kiln once we are satisfied that the kiln 
is in balance~ the materials balance is sufficiently accurate .. and possibly only 
4 or 5 tons of lime stone has been fed. 

I ' 



.. 

Mr. J. D. Mason 
October 8~ 1962 . 

Page No.3 

Since one of your engineers will be present for at least part of the ca1cination~ 
our thought is that he or I could check with you or Mr. Freeman about midway 
in the calcining operation~ if we .believe the $4000 estimate will be exceeded 
if all the limestone is calcined. I am sure the overrun of the present estimate 
would be modest~ if any~ and you could then decide as to whethe;r the operation 
should be continued to consume all the limestone~ or stopped. 

I trust the foregoing proposal and explanation is adequate for the purpose in­
tended~ and that you will find the enclosed contracts in order. If so., 'please 
so indicate by having one of the copies duly executed and returned for our 
files. On the other hand~ if you find, changes are necessary~ please return 
the contracts ~ with your suggestions. Meanwhile ~ we are considering the work 
as officially authorized and are moving right ahead on the job. 

CJL/arh 
encs 

Best regar~s// 

~~ 
C. J. lAWls ....., 
Director of Research 

P. S. In a separate letter ~ I am writing to you concerning the market survey. 
I feel we are unusually well qualified to make this" particularly since I have had 
over 15 years in the quick lime sale~ field; and we hope we will also be favored 
wi~h this assignment. 

cc: Dr. E. N. Pennebaker 
Mr. G. A. · Fre~man 

I 













COLOR.ADO SCHOOL FOUNDATION , INC. 

GOLDEN, COLORADO 

1". J . D. _"_ 
ea1c1e. 

T1acaoa L1 • II Cbt.1M! CO • • 
4110 .at JDcl Avenue 
Vuaaouv • c . 

• lI&aon: 

• 

The report OIl the reoe calC~ pef'U1oa 1 alJIlolt ~oinpleted, 
but I ttad I WUl :ve aD oppol't1mity to poUah tt uattll hay. I"e-
turad from L_ 1 •• , 0" v 16th. 

I would Uke to do tbla r80aauy Ie yt •• of Dl1l)8Ck~UDd lD 
liDie aad the orteatatt whie 1 CUl ct. to the r port. Ho ....... , 
if tor..,. ..... yo ",. .. at1, lUted the I" rt, pl .... call Mr. 
Jam.a L . DrClbidck WU1 .... tltt the Item .... my .-eDCe • 

... Wblle, I lUll aolO lIW Wit WI letter aad tta copt." • tiJ1.f 
a ••• ry abeet c tatataa the aoat pe1'tiDe data. 

elL:. 
110. 

Call:. G. 
Dr. E. 

Incerely youra, 

e . .f. i-E W'9,1p 

C. J . Le1ri8 
Director of .. arch 



., ~ 

b •• au ...... .. tbe lba •• to to detenatae UMt· 

optlDluil .1. tor t actual ktla operattOL om tile .. t ..... it ... MC1 to 

iDe to " tlle Ib1l.lto .ampl ...... oruJ&ed .1 ... to ,.. •• "4 

.h .creea. ..&l.d til M.l"rela for _'.1" .,.. • ..., all. to I" .. eat tile a 
, ,. 

~., 
, . I, ' 

IIIC , •• eI rat ..... 100 !b./kr.. t th~ waa, aOOl& rata •• t lit Ib./tar. 
I 

aUi". 111 ... I JaoUr •• pentl . , 
, \ 

lute. 6a .. a. Total f.... poctiact.' .ad oaio~at.d . .t 10" ... e: 
• I I ~ • 

,6 lb •• , 
5~5u... 
". n... ' 

s. '" 

.: 

tekllm. Aaal,.1a 

CaO· ,6., 
tOa J • • .,. 

Raa;· 0 ..... 

Co, o. "" 
LOI 0.4Oft 



MQta.l~ EnginQQring Compa.ny 
BOX 597 

PHON E ~XiKU4iiX: 
CASA GRANDE, ARIZONA PHONE TEMPLE 6-5436 

Mr. E. N. Pennibaker 
Box 817 
Scottsdale, Arizona 

Dear Mr. Penni baker: 

October 19, 1962 

Enclosed is a copy of the last Assay Certificate 
for composite assays. 

Eollowing are the elevations of the drill holes: 

Hole #1 4450 Elevation 
II 1 A 4455 u 

" 2 4505 II 

II 3 4463 II 

II 4 4465 II 

II 5 4473 II 

II 6 4455 " 
Tunnel center 4450 " 

TE 6- 9936 

The large test run is completed at Colorado School 
of Mines and Mr. Lewis advised that the results were very 
good. The total dust lost was less than 4% and they were 
able to calcine 200-300 degrees below average required 
temperatures. 

Sinc~:ely yours~ . 

<:~ .r 
.-l.~' :c~<u.~ 

. A. Freeman 



TEL EPHONE 

MUTUAL 4 - 6411 

Mr. E. N. Pennebaker, 
Consulting Geologist, 
Scottsdale, Arizona. 

Dear Mr • • Pennebaker: 

1158 MELVILLE STREET 

VANCOUVER 5, 8. C. 

July 9th, 1962. 

Re: Mt. Fagan Lime. 

The drilling program on Mt. Eagan has been completed, 
or at least six holes are finished. When all assays are obtained 
it might be advisable to drill a couple of more fill in holes. 

I have ~ogged and split the first three holes, all of 
which contained economic good sections of white marbalized lime. 
Assays for the first hole averaged 53% Ca 0 for 280' balance not 
assayed yet. 

As per our discussion we spotted five holes 200' apart 
but added a sixth hole directly above the tunnel which gave us a 
three hole vertical section at this point. 

Expect to return to Arizona in about a week. Will 
complete Logging and splitting. 

When all assays are available will contact you, so ~ 
that you can go over the results and give us your recommendations. 

Yours very truly, 

~.\\).\--... 
JDM:amc J. D. Mason. 



"'''.". 
< 

) ':/ ... : 
" , 

M~, . Herbert 'TlflJICton 
80 Klng~treet \'fest 
Toronto, Ontario , 
CM'[AtA 

ne r Mr. Tlaxton: 

. , 

September al, 1962 

At the requ •• ,t of Mr. J. D. Mason I have recently cbecked 
the d~111 core from ' his exploretton of the Mt. Fagan 
limeaton.e depo"lt s'outh at Tuoson, ,A'r1zonp.. When. ell of 
the 8nelyses , are in, I ehell ,)repp.l"'o gcolo ,/ ic seotions 
Old en 6atim' te of tonnag~ end grade. 

From the Itlfor!J1atlon no~ ' Iivaj.1s b10 I 1I,m f 8vor,abl1_ apr.o'aaed. 
wtth the drilling reaul~s. '1,1ler., fP peGr's to bet s subs t ,an- . 
tiel amount of limestone runnlnr from 50 to 52~or CaO, with 
about 2.0% of sllics end ebout 0 ~20% of ferric o,xlde . CiS 
impurit1es. These f1gures, o f course, ~r6 prollmln.ry &ld 
subject to oorr eotion When ell of the analyses .HOO at hwd. 

The better sections of the ' limofttone (or mArble,) gr~ r nther ' 
· coar,s8 in grain, end rrlnd~nc and burning tQBtS- '11'111 be ,N'­
qu1re,d to determine ~l'l'I,enabl11ty: to oE>tnoeroinl treatment. ' 

· E'N.P~mc 

co - Yor . J. D. MlJ son 
Mr. ' T. A. Goodn1ght 

. \ 

YOUl'S very truly' 

E. N. Penn3bok~r 

, ' 



September 28. 1962 .. 

. Mr. J. D. Ma80n 
4730 West Second Avenue 
Vancouvel' 8. B.C. 
CANAJlI\ . 

Dear 'Mr. Masons · 

1 recei.ved today from Vancouver twocoples ofe.ch of 
the following drawings of the . Mt. Fagan limestone areas 

. Dia~nd ddll hole plan 
S.etion A-A . 
Seetion . ~lotig hole . No. S· 

I have ~t yet received any additional assays nor 'a 
statement from Mr~ Jacobs regarding -Just what is meant 
by the "CaO". on his 'certificates,. " . . . 

When all· ~hes • . data are .. at hand, along w1th the .ections 
of the remaining drill holas, I shall pnceed with the 
Job. 

I 

COrdially youra 

E~ N. Pennebaker . 
ENPsme 



l'1.r. J. D. }'1ason 
4730 'i·lest Second Avenue 
Vancouver 8, B. C •• CANAl)\ 

Dear 11r. Mason, 

October 20, 1962 

I have received today from Mr. Freeman eoPI of as.ay 
certificate covering 80me 8 compo.ite lamp .s from the 
Mt. Fagan drilling. 1 have not had tlme to check my 
record. but assume that this complet.. the a •• ay returns 
to come in. 1 al80 received a lilt of collar elevations 
for the drill holea. . 

COlorado School of t1ine8 Research Foundation has .ent 
me a copy of a preliMinary memorandum under date of 
Oct.ober 8. 1 expect their final report of the ta.t 
returns will be in shortly. 

I believe that there are also a few more. croll-sectlons 
to come in to me. . 

I am leaving touonow for examinations 1n California 
and Nevada but expect to return on October 30. I nope 
all of the ·ma~.rtal 18 avallable to me then 80 1 can 
complete the astlgnment. After November 25 I expec:t to 
be fully occupied on other work for at lust four months. 

EN1'lmc 

ec • Mr. J. O. Maaoft 
Mr. H.rbet' ~: Tlaxton 
Mr. T. A. Goodnight 

Cordi.lly yours 

E. N. Pennebaker 



Mr. M.R. Prestridge 
P.O. Box 613 
lil Paso, Texas 

Daar Mr. Prestridge; 

.. 

March 1, 1961 

hnclos'ed are various . data on the Mount F'aganmarble( or 
limestone) dep.osits ne,s.r Tucson. (These are also · known 
as t .he Sabado depoe it s and the He lvetla limedepo'sl.ts.) 

,", . 

In ,one folder is a raportby Mr. J. D.Ma:son, · aCahadian 
engineer ap.p~rently quite familiar with the lime business. 
I, suggeat that you read this first as it incll1des some 
discussion 'of ,poss:iblell1arkets. ' 

. }i;ollowing this tn the aiime folder is s ' report,' on test ,,;,ork 
.on ' the rock conducted by t .he Colorado . School of Mine s Re-. 
search F'oundat,ion. You .will observe that certain problems · 
were encountered, but. yo~'Will also not.e that' a high.... . 
calcium qu-ickllme .was . pnoduced that would besul ta:bl'e as a 
reagent 1nmetallurgical plants. E1 regret the t the Thermofax 
made such a faInt print •. ,) , ' . ' 

In theot.he r folder is my report based ' on two weeks' fie ld 
mapping. 

The tonnage pos~lbl11tie s must be deternl~ned by drillIng, ' 
but ,the chances are' godd "for , developing en.ough rOG~ ~t .' 
m~de,rate depth to keep a - ~(jO':t'o'n: "];ie'r day quarry ' going fQl' ·' 
15' or 20 years,. ' 

The deposit needs to be salnPled bydr111iqg -to determine the 
aV6l?ege silie'a content, althou8h ·llme formetallurg-1cal 
reagents will 'tolerate a 's~mall amount 'of this impurity • 

. 'l'he o~Jne ,rs are reputable Phoenix bUsiness rnen"lncJllding 
Mr. T'. A. ' Goodnight; manaS,er of' t~e Valley Nat:ionral Bank 
bI'~nch at 1400 N. l"irst Street, ,Phoenix; Mr., Kemper Marley, 
we ll-.known rancher inA!'J. zona , and S.onora; arid , Mr. Bud Cooper, 
rancher and ranch °appI'~18e-J;' for Valley National :eank. They 

.. have put .the property t .ogether but don't know the 11me, quarry, 
and bt~ild1ng prqducts bUsiness. They 'hesitate about' apending 
any' mOQ6Y f9r drilling and test work and are ready fo.!' a 'deal 
wi thHne?tJ?e rlenced-' operator. 

'/ruY~ 
:/ . 

: 0. ,:: •. .''j;i 
~ .-,; 
.' ,'-:"" 

" .. .. 
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Mr. M. R. Pl'estrldge Ma.rch 1, 1961 · 

I have no 19:terest ' in the property, direot or ccmtlngent. 

'If 'you a.re .1ntereated I shall be glad to arrange a meeting 
V'li th o you and Nir., Goodnight and avis it t o the pro pe'rty •. 

VV1th best regards to you, Max, and Ray Moore, 

Yours sincerely 

E. N' . , Pennebake r 

Ef; PUllC 
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May 1, 1961 

Mr. M. R. Prestridge 
P.O. Box 613 . . 
El Pf;iso, Texas 

Dear Mr. Prestridge: 

On March 1 I ~orwarded you various data ori the Mt. 
Fagan limestone deposits near Tuc,son. If you are 
now finished with these reports, I would appr~cia te 
their return to my files;' otherwise you are moat 
welcome to keep them longer. 

With best personal regerdsto you .nnd Max, 

Yours sincerely 

E. N. Pennebaker 
I ". 
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