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Abstract

In cement and clinker production energy consumption reduction, specific
emissions reduction and quality stable increase always has been daily challenge which was
addressed in many studies. Nowadays, CO2 emissions are under special focus since the gas
is a main contributor in global warming and many other environmental topics.
Considering existing challenges, the PhD study is addressing following:

* Revamping from wet process to the new dry line clinker production process

* Revamping from the old Kavtiskhevi quarry to new Saskhori quarry

* Raw meal, kiln feed and clinker quality adjustment after changing the type and
amount of the fuel

» Study of clinkerization process based on the modified design

- Activation of puzzolanic material — Tuff in the clinker cooler

Clinker production process change from wet process to dry process was performed
the way that clinker quality was at least the same but grindability of the clinker was
increased with relatively lower lime saturation factor. Of course by avoiding drying wet
slurry and making heat exchange process more efficient due to more dispersive,
powderous material the heat consumption was reduced twice and capacity of the kiln line
was doubled.

The difficulties caused by switching the Kavtishkevi quarry were solved by using
Saskhori limestone as a main source and Dedopsitskaro limestone was used as a sweetener,
which contains more than 95% calcium carbonate. This substitution took place in such a
way that it did not have a negative impact on the quality of the clinker and on the contrary
made it more stable and active.

After reducing coal and thus ash by 2 times, raw flour chemistry was recalculated so
that the quality of clinker was the same or increased. Appropriate recalculation was done
at all stages of trials.

The clinker process burning with a new method was studied and optimized. As a
result of 20 industrial experiments of raw material and fuel distribution, the best mixes
were determined, by means of which the quality of clinker increases or remains the same,
while the thermal consumption was reduced as was CO2 emissions from fuel and from
raw meal.

The most important achievement was the thermal activation of Tuff (Zeolite), which
was successfully completed not only in the laboratory but also in the industrial
experiment. The origin of the innovative idea was that the drying out of physically bound
water makes the puzzolanic material much more active due to created pores. The material
usage (with clinker) up to 10% in relation to clinker not only preserves but also increases
the strength of this mix compared to clinker.

The method of activation of existing puzzolanic material has been studied since the
ancient Roman period. However, the activation of the puzzolanic additive requires less
thermal energy than the clinker, and therefore also emits additional CO2 emissions.
Therefore, the puzzolanic material activated by the standard approach reduces emissions,
thermal and other costs relatively less, and also requires an investment of at least 10
million and an installation period of at least 6 months.
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Based on a complete study of the clinker production processes, a section was
identified where the temperature ranges from 600°C to 1200°C and we use ambient air to
reduce it. This section is a clinker cooler, where clinker heated at temperatures 1200-
1300°C is coming out of from the rotary kiln. The clinker is passing a 30-meter cooler and
cools down to about 100°C. The temperatures we wanted were 5 to 10 meters from the
hot side.

10 meters away from the hot end, a material discharge chute was arranged, where
tuff is supplied with transport conveyors and hopper. The production experiment with a
dose of 5% was successful, but it is also possible to increase the proportions to 10% in the
following trials. Also, the feeding point on the clinker cooler roof can be moved to the
hotter side, which will further activate the tuff and allow us to increase its percentage in
the clinker.

The most important is that this experiment allowed us to produce 100% clinker with
90% emissions and thermal consumption, which is an incredible result globally, especially
for CO2 reduction. The project was implemented with minimal costs (200,000 GEL) and,
most importantly, does not include the thermal energy obtained with fuel, which almost
cancels the operating costs and emissions. This section of the clinker cooler can be studied
to use for drying and heating any other cement additive material.
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Bobgds© dogowmo  2(CaS)*CaSO4, 3(C2S)*CaSO4, 3(CA)*CaSOs s Ubbg. dmerm
39600m©do  byowgmwl  ©sgds@o 8-10% 3owEowdol Juwm®oEo, gl odsE
H9939M5GHMM5Bg 300063900l Joegdol  LEBMogdSl  0dwrg3zs. 3o 30vIdol
Jm®oob ©sds@gds sboe sdBHome dobgGols shgbl 3e0b3zgdo - serobo@l
6(3Ca0*Si02)*4CaO*2AIOCI.
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Fe:03-0b  gbomo @ 0039 363093 Mo  MomEqbmds,  Lbbgosobbgs
30bgoqdol  Ho03mgdbol  Lodmogdsl  0derggzs.  5dgob  2odmdobaty,
30O GHE0b©(39996GH0L 30b3gMo Fo®mdmoygbl IM535 BB G LolbEgdol,
@5 oo FbmwmE mmbo FobgMmoerol 999339 Md0m  ILILOSMYDS, MG YHO
LMoL 0IbEGHWMMmO 3960 046905 s IbEMgdom [o®mBmEqbsli Jabob. MM
BMLEHO Lm@osmol byFoMmmgdols d90mbggzsdo LsFoMms Mo gobozmm-Jodomeo
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dmyergdol Looggdol dobgzoom

30b3960L s 3999630l 30190900 BoLOsMEYOS  FoXIMJOOL  3MgBO-
3096&0™ 33, LOE035@MO IMEwYom 1T (n) s MObFOfrMHO Imwom - T (p)
LOEOYOOL LMo gdO:
33=(Ca0-(1.65 AL203+0,35 Fe203+0.75S03+CaOmo30L)/(2,8(Si02-SiO2-m30L)) (1)
23=(Ca0-1.65A1:03-0,35Fe203)/(2,85i0) (2)
10 (n) = S/(A+F); 0 (p) = A/F
bogss G, A, E, S 560l mgloggdol Momqbmds 3600639630 (Y%-mdom).
CaO 530L s SiO2 MogoL. (1) - 35¢030dob s LowoEowydol H96ABsbIgHMIOOL
3933390355 3000639080 MHMIWgdog 56 993000696 G1god30580 s odmfz0l 9999y
©MBb9b mogolBswo Loboom.

RMOIMES (2) 259503H03900I005. 080 56 035¢0lHobgdL 3er0b3gMdo sGlg-
OME0  4MR0MHOL  9B630MHOEOL, ™O30LMBIEO 35300l s Lowogomdol
53969205000590009d0L Mm@ gbmMdsL. mJlogdol Hob sfiaMowo 3mgn03E0gbEHd0
9009005 d9Lsd53oLo BogMYd0Ib:
3Ca0*Si02-do CaO- Img39OHo Hmbomo Fgxscmgds SiO2-0l Imeg399Ey®
Dmboliomsb »®ols 2,80: 1;
3Ca0*AL:03-do CaO-b fmbomo BsH@Mds Al203-056 Mol 1,65 : 1;

CaSOs4 -do CaO-b Hmbomo gseE™ds SOs -056 GOl 0,7:1;
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4Ca0*Al203"Fe203 30600005 890dengds §o08m350a0bmm, Gmames xsdo CsA + CF.
CaO*Fe203-80 CaO-b fmbomo gs6rmds Fea0s3 -msbmo®ol 0,35:1.

1% 9996905 2,8% CaO-b s dma339dL 5,8% C25-b, bogom oy dgmgcmons 1,87%
CaO 9mg399L 2,87% CaS-b.

b9 gmwol Bo®gz0l godmfzol MmL yg9ws 39390l mdboo JoxIOPIds
39w 309dol mdboom s dMm3399L Y39 sBg MROM FooexYdosd BogMmgdb.
dbmemE Looodol omdboo 6 dgEol LOMWIE  395¢E0dol MmJLomLb
695430500, 500  3H9gdg3MOGHIMOLS O ©OEO EOMOL  AodM. FgLodsToLOE
3006396030 H9omEms@ d000gds, Omymes CsS, sggg C2S. v SiO2-0l doverosbo
50 9bMd0I6 d0z300900 Abmerm C3S, 35306 Qox9gM9d0L 3m95303096¢0 (3) 1-0U
A0 096909, 9699 58 OHML 300063960 56 0d69ds CaS. 0930 SiO2 -6 dN0sbs©
8030090 CaS, 35906 g3 046995 0,67-0L GHmo, s dgLsdsdobo 3600639630 56 04bgds
GsS. 506083690l godm 3e006396030 35¢E0wdol mJbLoEOL MHMEIbMds 056Q5M0TYds
(000l dobgzom vy M3d9bo 94306y 33dmbgl dsbdo CsS s CaS. Jgdgao
RMOHINWO0):
Ca0=2,893" SiO2+1.65 Al203 + 0.35 Fe20s3 + 0.7 SO:s.

5990056 0565608905 33 (1) 96 ( 2) BMOHIMEgdOm.

5990096  299mI0bsY, 93 3w0bB39MTo SO ©GBIBHIOS 1- o Lofo®dmm
3w0639609d0Ldo ws30693L 0,66-s6 0,82-009. 23-U Fomowo 3sB396909o, 60 dbogls
C3S 35050 ©5m@g6mdsL (37,5%-©56 60%-0¢09). sbs@BR9gbo 15-37,5% CaS-0s (C3S+C2S
X500 9605 0ymls 75%). sero@mo 3e0063960d0 serodol d9dbzgurmds 90gdad¢gds
60%-b s 39WOBHL 5M99dgE gl 15%-U. dobo 23 0,92%9 9@ 0s. dgoBHH 3er0b3zgdo
C2S 37.5%-%g 99309, bmgom CsS - 37,5%-%g 65300900 , Jobo 93 96 5090593 90s 0.81-U.
Qv 300093 9Ombg 5396908, MMI  g3-b  IIMIOEIYINGdS  SEOESE
30653003MM3MMO (304100,
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B399 90603 3000639609030 LD (n) eg306M9dL 1,7-0sb 3,5-0¢09, beagrm 3d (p)
1-s6 3-0g. 3 306306 3MM3MO30Mos CA-B0 s 330M3MMOEOI0S
C4AF-bo. sbgo mmb, Hmam®3 339 503603690, 3e00b396M0l 1M3019890BHg dJoHoms©
39300965l dmobgbls C3A.

LO(n) - 3¢06396M0L s (399963HOL MZoLYdFOBY 393l SMVBIOL §39MdbYdb6,
09935 399dbmemygdolmzgol dolo 3mbs 36083b9em3z5605, Brosb dolo sBOHom
5eIMRGMH0GHME0 535Ds B30MEY0s, M5 5dbgwgdL 3600639M0L T93bmdLL, sero@ol
Po68mgdbsl s yzgas 58 MM 39L9dOL Tgbodsdol TgEIRV.

GA-b s CiAF-0b 05655356 ™d0ol dobggzom 3e06396M900 Lsd bsfos
3923000005 ©3YMom:
5e930bsGH o (p > 2,3), bm®™dowrwGs (p 2,3 — 1,1), ggrod Mo (p< 1,1).

0¥ 3000639030 M3060L MmdLogdol 9339w MdS 8930 50gdo@gds Al20s3-1s
(009 6539005 0,64), Ho3m0ddbgds ©3060L mJloId0m FEOEIMHO BoBYdo. sbgmo
5¢IMRgMH0EHJooL d9a9600Mds 25dmolobgds slgmo  gm®mImeoom: C2(A,F) o
3060Md0MH© 0Lobo C2A-U s C2F-ob dgo6o blbségds 89330dwos fo®dmzsaobmom.
g OML fmbomo msbsgstmomds C:A= 1,10, beawwm C:F = 0,70,60b 250m3 3L
3990bYM3WYESE 39TM0Yg69ds 9990 BMOIMWS:

a3=(C-1.1 A-0.7 F-0.7S03)/(2,8 S)
00 99dmbggz5d0 0¥y p=1, 35906 300063900 8903531 sbErMgdom 5% C3A-b, beagom
C4AF-b 17%-0009 (x 500 22%);
099 p=1,5, 99L58590b5, 10 s 12%-U5; 0¥g p=2-U, 12 s 10% ; 0¥) p=5, OB MGdoD
17 55 %-b [3-4].
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1.5 3e006396M0L Jodom®o s dobgMagrgom®o 9gagbogrmdols
255695000905

3w0639600L  Jodom®o  sbserobom Forgdmer  3sLbgdbg  oyMbmdom,
d9L5degdq05 olo B0bYMOIMAO0MOHO F9E)boMBOL oBLIBOZMS S 3oModom.
30b63900L  FobgMowmaom®o  Jgoagbormds  00b356M0d9ds 890090
RMOHIMgoom  (%-mdom):
CsS = 4,07 CaO - 7.6 SiO2— 6,7A1:0s5 -1,42 Fe20s
C2S= 8,6 SiO2 + 5.07 Al2Os + 1,07 Fe20s3 - 3,07 CaO
CsA = 2,65 ALOs - 1,7 Fe2Os
C4AF = 3,04 Fe203
CaSOs4=1,7S0s
65 OOMLSE 0390, O™ C+S+A+F=100%.
3530980l BLO03oGHYOOL 3OMEIBEBHMIWO MoMmEIBMBOL FobloBMzMs FoxgMgdOL
309803096@0L 3609369 ™doL 58mygbgdoms 9glodergdgos.
CsS=3,8 (3"33-2)* S
CS=8,6(1-23)"S
MmO 3 50360369m, 300063960l d0bgMHMEMa06 99039600 MdsBg IyHbMmdom,
d9Lsdergdgos oo JodomMo 9y gbowmdol  qoblyBOgMs  d909y0
RMEOHIMEGO0m:
Ca0=0,7369CsS + 0.6512 CaS + 0.6227 C3A + 0.4616 C.AF
SiO2= 0,2631 CsS + 0,3488 CaS
AlOs = 0,3773 C3A + 0,2098 CsAF
Fe20s = 0,3286 C4AF
535bm9b J0bgMMEMY0sHg YO EBMdOm Fqlsdergdgwos 3e00b39MolL 33, 03
Q5 13 30563MH5MOTMO :

€35+0,8838 C2S
T (35+1,3250 C2S

n €35+1,3250 C2S
71,4341 C3A+2,0464 CAAF

1,1501 C34
" C4AF

+0.6383.

3w06396M0L LobBgdol 8985009690 3m33MmbgbEgool gobmMgdol Jggyo®
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30009050 bbgoslbgs Bobs. 98 Bobgdol LobiEgdsdo CaO, SiO2, ALOs o Fe20s
d0M0m>© MJLogdL FoMdMmoqbgb, Fog™sd Tom A3M©S F0bsMx39d5 23b3WYdS
3526030l @S BHBHIIYHI®s MmJuLogdo. g LobBHGIs obg odmof39ds Fo®own
A99396M5GHMM5Dg, M bsfowmdmog b dwosbo  Ww®3gds  DBmaogdmo
30033mb696¢)0. olomz5wolobgdgwos, MMA yzgws 3md3mbgb@o mo30Lmo35o3
MO 29MOgdbsl  sbmGME09wgdl s 999y MO0 gHmddggdl  bbgs
3M0330b6963gdm0bs3, M5 MHMUsE 800Mgds sbsero JodowEmo bsghmgdo b6 dyséo
blbo6gdo. (3039 90g0MEs©, 58 MmJLogdol MBOL  Fgd3geoEOS bs3dom©
dowoos (Ca0-2550, Si02-1730, AlOs,-2050, Fe203-1560, FeO-1350, MgO- 2800 °C ),
093d  3m33mbgbBHIdOL MM gbMdoL BMEILML ghms BEoMEIds WOMdOL
A9939M@Ms (°C):

1455°C - CaO - SiO2 - AOs

1338 °C - CaO - SiO2 - Al:Os - Fe20s

1315°C - CaO - SiO2 - ALOs - Fe203- Na2O

1300°C - CaO - SiO2 - ALOs - Fe203- MgO

1280 °C - CaO - SiO2 - ALOs - Fe20s - MgO - Nax0

3063960 36535 3m33mbgbEH 0560 MmJlogdol LobiBgdsdo mbgzso Gsbols
Po68mgddbs ofjygds 1280—1300°C-Bg. gb 13sBs 1400—1450°C-Bg d93bmdol coMmls 15—
35%-05. 099 g939MHoGHMIOMSL  go3bMom BgdoldogMo LobGHgds 9J390wYdMIYOS
LEOYHE oM. [3-4]

mmb3ma3mbybE 0560 LoliEgdol 933 9dG035L 1338°C crmdob ¢gd3ges-EMom
593L 99990 d9aqbogmds: Ca0-54,8, Si02-6,0, AL:Os -22,7, Fex03-16,5%. slgomo
39029500 ™d0L LoLiEgds o6 259m0ygqbgds 3arobzghols Jobowgds.

bobBYBoL oz 3MB3mBybGHo  (38myggbgdvyro  Bywrgrrol
0905003960 Mmd0@b  99md@0bsMg)  gobm®gdom  MOMWSE  J9Ms0ddbgds.
35250mMO©, 339030 (OMIgoi dgol Jgzodsdo, mobsdo s bbgs bgoergrendo)
396030l 999009 J0MO0MIE 3ME0MOHBM A5MHJIBYIL (°C):

B33560 —5"3C — a 335650 —8"3"C— a@Gowododo —1V0°C —a60lihmBsemodo —1730C— bserpmbo
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000MJM0  50bodbmwo  FoBol  Jodom®o GmEOIMEss  Si02, I3
LAHOMJGHO0m ,300LEIWMOO LMoL S0 gdom, 1033300300, M30L9dgdOM
9603569000L296 LEOWOSE Foblb353ds.

B9 gmeol 99p9b0wmdsdo G90dwgds 9933530l 0mobsdofioll 3o0Mmo@Hgdo
(00L0@E0, OsL3MGO), MMIYd03 39I39MGHWOWO )Ts3930LOL Lbgssalbgs
135590 o 05b.

150-250°C 300-400°C 800-1000°C
a - Al203* 3H20 —— a - AIOOH——— y- Al,O3—— 8- Al203,0 - A|203—> a - Al20s3

300LoGO 00m3do@o
400-500°C-%g 8000905 ©963H3960M8MmORMwo 53EGH0MMHO Mobsdofs. ol Fowowo
A99396M5GHMMOLOL 33360030905 S 396MQ93L  dSJGHOMOMBSL.  M3060L Fobgdo o
306030l 653(30 990339396 ©®3060L MmJLoEIIL s Fom 30MHBHIOL, GMIGdOE3
}H9939M5GHMI0 ©53)T53900L5L oM0gdbgds (°C):
a- Fes03 * HoO o225 e a-Fers03 s 4 FesOs ——s FesOs
099 25099 50dbgeos, 35dob 3060l LT 35¢gbBHosbo  mJloosb
6306509 dool s0gagbs : FexO3 — FesOs — FeO— Fe , 653 v19OYMBOO©
dmddggdl  30b3gmol m30L9d90bYg. GMaMmOE 339 5036036900  3e0b3zgMol
doboegdo© LyFoOM bgEOEGMEO JOMOMIPI 30MJ35L5 S MObLL FoMTMoqbU.
306J30L 25bmMgdoLOl  35¢(30T0L 39MBMBIGO OLME0sE0MEYds CaCOs ---> CaO
+CO2, 5 OMLYE 0bIMRJOS OO MOMIbMdOL Lomdm (1780 3x - 1 33 CaCOsby).
b 695Jgos offygds 600°C-Bg. H98396M5@MO0L 593000 BJorgds s 900°C-Dby
3odmygmaowo  CO2o0l  3smiosewy®do  (bg3s 5GHIMLggmHml  i6930L  GHmeos.
39939050l DO 9BJoMgdl  oLMm30s305L, Mdas ol CaO-l 3MOLEWYd0
OHMIg0o3 99 ©95d300Lsl 000D, DT d9E0s, 5FLMb 9O 359336003900
5 5JBH0OHMdS 65300g30s. Bsgscomolimzols, 900°C-bg dowgdmwo 3GobEswo 0,5-0,6
930-05, 800900 MJLoEO doe0sb LGSR 0gMHmMdL fgsel (3060l BsdOmdol
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1100°C - CaCOs, Ca0, SiO2, CaS, C2AS, CoF, GA, Ci2Az,
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-462mm WG . Dry Kiln with Five-Stage Pre-heaters

316°C l & In-line Calciner

1. Raw meal feed
2. Exhaust gas
3. Kiln gas by-pass, if any

4. Clinker
B Material 5. Kiln burner
B Gas 6. Calciner burners
® Fuel 7. Tertiary air duct

8. Tertiary air duct damper
9. Cooler excess air

= 280 °C
— L

T — 1
_ ) 4 100 °C
Source: Modified from FLSmidth
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3bM0oo 3. 353000Lbg30L 30MJ30L Jodow®o BgdsgbEMds

gl%g;ibﬂf;’b 30033 | 3556 | 979 | 25 | 12 |4326| 370 | 0.02 | 020 | 051 | 0.05
g;%z;l;bﬂfgb 3048 | o6 | 242 | 082 | 03 | 5120 | 226 | 0.00 | 0.06 | 014 | 0.08
éf,%‘g;‘;bﬂi’gl’ 30033 | 4503 | 420 | 121 | 07 | 4536 | 495 | 0.00 | 0.06 | 025 | 0.20
g;%z;ibﬂgzb 30033 | 4135 | 427 | 121 | 08 | 5067 | 119 | 0.00 | 0.02 | 022 | 0.03
gi%g‘é‘;bgfgb 3043 | 4159 | 421 | 111 | 06 | 4936 | 225 | 0.00 | 0.08 | 023 | 0.36
gi%g‘é‘;bgggb 30043 | 3139 | 2222 | 547 | 20 | 3548 | 115 | 0.09 | 0.04 | 1.09 | 0.10

3bOoo 4. Lslbemeob 3o6J30L Jodomemo 39050agbemds 2019 Fanol 3o6H3geo bobgzs@o

Lobbm@ob 3otdgs 1 | 34.46 | 16.76 | 3.44 | 1.23 | 40.23 | 1.24 | 0.04 0 0.84 | 0.06
Lsbeatrols 3oédgs 2 | 33.14 | 18.86 | 3.97 | 1.34 | 39.03 | 0.93 | 0.05 0 0.87 | 0.02
Lalbmeob goggs 3 | 31.11 | 25.33 | 538 | 1.46 | 33.65 | 1.41 | 0.02 0 0.69 | 0.11
Lsbeatrols 3otdgs 4 | 33.27 | 20.66 | 3.87 | 1.54 | 382 | 093 | 0.04 0 0.89 | 0.08
Lalbmob 3odgdgs 5 | 36.53 | 13.26 | 2.49 | 091 | 4361 | 0.71 | 0.04 0 0.59 | 0.04
Lalbmob goddgs 6 | 35.92 | 1592 | 3.31 1.6 | 41.28 | 0.85 | 0.04 0 0.71 | 0.12
Lalbools 3oédgs 7 | 31.88 | 19.89 | 4.66 | 1.41 | 39.88 | 1.09 | 0.04 0 09 | 013
LslbemGols 3o6g3s 8 32,18 | 20.25 | 4.62 | 1.71 | 3828 | 1.05 | 0.04 0 0.85 | 0.07
balbexdob 306335 9 36.7 | 1322 | 238 | 0.89 | 4391 | 0.88 | 004 | 0.02 | 09 | 0.06
Lsbbm@ol goédgs 10 | 3257 | 17.5 | 3.89 | 1.44 | 42.44 | 0.94 | 0.03 | 0.32 | 1.15 | 0.08
Lsbbetols gotdgs 11 | 36.37 | 12.7 | 256 | 092 | 4545 | 0.71 | 0.03 0 0.66 | 0.07
Lskbetols gotdgs 12 | 38.17 | 969 | 1.88 | 1.03 | 4756 | 0.65 | 0.05 0 0.93 | 0.02
Lsbbedols gotdgs 13 | 31.55 | 21.26 | 4.85 | 1.88 | 3585 | 151 | 0.04 0 1.03 | 0.09
Lsbbetols gotidgs 14 | 42.63 | 2.6 05 | 037 | 525 | 036 | 0.02 0 0.13 | 0.02
Lsbbetols 3otidgs 15 | 31.61 | 2052 | 459 | 1.78 | 37.71 | 1.48 | 0.04 0 099 | 0.1
Lslbedols 3otdgs 16 | 32.84 | 18.75 | 499 | 1.52 | 3871 | 1.22 | 0.03 | 0.03 | 0.93 | 0.08
Lslbedols 3oddgs 17 | 36.12 | 12.75 | 3.67 | 1.65 | 4217 | 252 | 0.03 | 0.26 | 0.73 | 0.09
Lslbexthol goddgs 18 | 3585 | 14.6 | 4.1 1.97 | 40.28 | 2.32 | 0.04 0 073 | 0.1
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bHowo 5. LsgHMNSdMMoLm BsbdoMol Jodow®o 899500396 MdIB0 S J5EMMOMEMDS
ddmowo
b3g®osde LOHMEo | LEHWwo | dobogo 232 ﬁ%
X509960 5JOME©Yd | MO | MOMEGO b
©obo Lobgbi bago00 o 969630 | 9gbgMa0s | MdMMO 0360
BobdoMo 969600
5 3X/3d | 33°/3p | 96gPp0o o
3X/3d
Lbobyo 1 8.59 10.27 33.73 28286 6757 25666 6132
Lobyo 2 8.13 11.50 33.22 28139 6722 25670 6132
Lbobxo 3 9.69 11.29 34.90 28679 6851 25685 6136
Lobyo 4 9.21 11.55 33.89 27937 6674 25158 6010
Lobyxo 5 8.87 9.35 33.14 28562 6823 25844 6174
Lobxo 6 9.19 13.05 33.93 27776 6635 25017 5976
Lobyo 7 8.54 9.85 32.14 26944 6437 24451 5841
Lbobxo 8 11.73 9.72 31.70 28329 6767 24743 5911
Lobyo 9 9.69 12.90 33.55 27291 6520 24431 5836
Lobyo 10 8.15 10.59 33.30 27575 6587 25146 6007
Lbobyo 11 8.53 9.61 34.70 27743 6628 25184 6016
Lobyo 12 8.49 13.00 33.16 27381 6541 24870 5941
bagBonsioe | O | Si02 A'?Z’O Fgg Ca0 | Mgo | Mno NSZ kK20 | s | so3
obm Cl
bsbdomo
(0] (0] (%] %] | [%] (%] (0] 0] | [%] | [%] | [%]
Lobxo 1 0.85 55.59 2668 | 873 | 411 1.06 0.05 0.01 177 | 056 1.15
Lobxo 2 1.91 53.29 | 23.015 | 849 | 746 | 1.075 0.1 | 0145 148 | 080 | 2615 0.145
bobxo 3 1.195 52.805 23| 112 51 | 1275 | 0075 | 0.005 171 0.7 2.25 0.05
bobxo 4 0.78 52.795 | 27.165 5.54 6.58 0.91 0.03 | 0.095 1.57 0.3 1.22 0.017
bobxo 5 2.79 4481 |  36.09 9.6 3.7 088 | 006 01| 145 | o051 | o021 | 002
bobxo 6 1.26 65.13 2237 | 527 | 216 0.88 0.05 0.01 189 | 043 0.25 0.230
bobxo 7 151 59.6 23.74 8.17 2.95 1.07 0.05 0.44 1.54 | 0.74 0.63 0.020
bobxo 8 2.25 64.21 21.81 5.24 2.1 0.88 0.05 0.01 1.89 0.47 0.25 0.020
bobxo 9 1.19 58.52 2461 | 898 | 359 0.73 0 0.65 1.48 0.5 0.21 0.020
bobxo 10 2.07 57.9 2386 | 921 | 297 1.07 0.05 0.48 155 | 056 0.69 0.020
bobxo 11 0.73 50.06 20.33 83 | 15.47 0.89 0.09 0 1.26 | 045 2.42 0.020
bobxo 12 1.04 58.25 23.53 9.75 2.94 0.75 0.06 0 1.56 | 0.42 0.86 0.020
hﬂi] spmeany sosnsn 59




3bM00 6. JoMrormmo 65H3oMol Jodoo 3g0s0a96eMBYB0 S JHELMMOMEMDS

X 909O LEOYEOo dsboero

JoOmmo 0 Bo3o6 | 9JOMo©9d | OO ObJ00 b b

96960 OO0
BobdoMo | Lobgl@ o) o) 96960 N (ot Ty (06} 2690
) 5 3X/3d 9696305
s 3X/3% ;
d 33°¢/3%
Lobyxo 1 15.86 31.33 31.61 21080 5036 17382 4152
Lobyo 2 16.47 30.29 32.30 21175 5059 17318 4137
Lobyxo 3 16.22 27.97 33.04 21096 5040 17310 4135
Lobyxo 4 15.93 28.68 32.60 21088 5038 17371 4150
Lobyxo 5 14.56 29.04 33.07 20970 5010 17589 4202
Lobyxo 6 14.56 27.60 32.48 20995 5016 17614 4208
Lobyxo 7 14.32 24.89 32.45 20730 4952 17440 4166
LO ) Al20
JoOomeE | Sio2 3 Fe203 | CaO | MgO | MnO | Na20 | K20 S S0O3 | ClI
o)

Bobdomo | [%] | [%] | [%] (%] (%] | [%] | [%] (%] 6] | [%] | [%] | [%]
bobxo 1 1.08 49.61 31.58 8.01 3.88 1.00 0.16 0.11 0.44 1.26 3.61
bobxo 2 0.51 47.85 33.75 9.70 3.45 0.86 0.03 0.01 0.38 3.21
Lobxo 3 044 | 5090 33.63 8.38 2.87 051 0.04 0.01 0.46 217
Lobxo 4 0.77 49.90 31.60 8.74 3.51 0.62 0.14 0.01 0.38 2.47
bobxo 5 078 | 50.28 33.72 7.92 3.30 0.66 0.08 0.01 0.44 1.28 244 | 0.06
bobxo 6 0.86 | 49.44 33.68 10.39 2.18 0.00 0.00 0.01 0.36 2.60
bobxo 7 0.60 48.45 32.44 11.73 3.01 0.01 0.01 0.01 0.31 3.08 | 0.13

Dg0mm  s0bodbmo  sMS  ghmo  JobgHol  Bobgezs®  9YE30WYdIE0S
&996mema05d0 3990Mm0949bgdmqls Bozengdo ©06M90)gdol (O
@®XOLAHOZN0 SLY39 YINOME ToLdEoL LOMYOTIEYdy) Lsi3sg0 Ws bywy-
@O0, M50 g4z9ws JoMbobsl 93mbmdo3MMmo Latmygderols dowgds 5dMmIM39d0L o
o 2o8mygbgdsl 9% ™d0bgdL  LHimEMo  FHgdbmermaomemo  dmfymdowmdgdol,

9900md0L, 33193990L, ©3JRI30L S ABbMEOEF0gEGdOL gboom.
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9dmobgbll 300069 03039l F9dergdl JIMo FgMODBY MO0 2-x96 b53egdo
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2. 9363960896 Mo 330930l 89JAJO0 S 8500 gIbLRS
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BoBo®9dmeo  9Ju3geodgb@GHol  dgmeg  bosfoewo  LEWWwsE  godMmds
33MWbMH0 ©sb535@OL - BTl MYMTME 4o5dGH0MGOL, GMIgEdss 3er0b3gMo
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2.1. sgoemgdbogols s dmglo@ols batggzo
Omamem3  fobs  9du396MH0d96@gd80  50bodbs  sermJlooL  JohmEo
By gmeol 499mygbgds 93mbmB03MGMs© Y39woDHg dmdygdosbos, dobo dswowo
5¢0)dobols (Lsdosenm 44-45%) 8993390 Mds 59 bgoegren Foloensls ©93mb3mEMgbEHMUL

boo.
3bM0@o 7. 0o seso bsGolbol sgrmgbogo

seomgdboo | b.o. |Si02|AI203|Fe203|Ca0|MgO |MnO|Na20|K20|S03|TiO2|SUM| Lobgbg

Nel Lobyxo 119 | 174 | 412 181 | 07|00 | 01| 00 | 04|00 ]| 97 | 100 45
No2 Lobyxo 118 | 119 | 451 87 (070000 00 |01]02]108]| 99 50
Ne3 Lobyo 119 | 123 | 455 188 | 00| 00 | 01| 00 | 01|00 119 | 100 7.8
Ne4 Lobyo 122|139 | 479 | 127 [ 06 | 00 | 00 | 00 | 00 | 00 | 12.7 | 100 38
Ne5 Lobyxo 123|130 | 446 | 175 | 1.1 | 00 | 00 | 00 | 0.1 ] 00 | 112 | 100 85
Lod. dmbsggdo | 120 | 13.7 | 448 | 171 | 06 | 00 | 01 | 00 | 0.1 | 0.0 | 113 | 99.9 59

0935, OMAMmO3 90dmPbs dmIfm©gdgeds 396 dgderm s boMobbol

LGB0 MMO JgbseBMBIds, MY d39ew0 BogoGO ToLoEs 56 sGOL gOHMAZ5MM3560
95 bsMolbol 3Mmbomog M9035¢HO Lbgomdss.
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3bM00 8. oMo B0 baMobbol semdlowo

seadboo  |b.o. [Si02 |AI203 [Fe203 [CaO [MgO [MnO [Na20 [K20 [SO3 [TiO2 [SUM [sobgli®g
Ne1 bobyxo 155(37.9] 212 | 69 |11.2]19 |03 | 01 |[1.2]3.1] 07 [100.0] 112
Ne2 Liobyxo 9.1 |428| 170 | 196 | 6222 |07 | 01 |12 |05] 0.7 [1000] 12.0
Ne3 Liobyxo 82 485|190 | 126 | 63|23 |06 | 01 |14 0109|1000 80
Ne4 bobyxo 11.4]465| 196 | 96 | 69|21 |13 ] 01 [14]02]07[9.6| 36
No5 Liobyxo 120]479| 188 | 83 |80 |19 |06 | 0.1 | 13|04 |07 [100.0] 120
1553, BmBo3go | 11.3]44.7 | 191 | 114 | 7.7 |20 [ 07 | 01 [ 13 ]08 |07 [99.9| 9.4

50 35L5EgdOL Aol MsMGds BLOMMIGLMSD SGIOL 5353006MGdIO MMI3S

3oLOM350oLH0bgdg0s BslOEPOl MOMmEIbMds MHMIgEroE SFM[MM350s, LHmGg®

5303™d 15 F0MHM 2obs 5¢Tobol TEHJO0MO Yol 459mygbgds, GMmIgero SGOL

BGHOBOEIMEMOE F90O bsMOLbOL s FoM900 SMHOL bgerdolsfigomdo Jmegrmen

396139943H035803, 39653 SMOL 2530w gdom d306M0 by gmeo Bsbogws, MHMIYEO3

51939 9990m0L 5DYMHd0X 560b.

3bM0owo 9. 5HIMd0RBMmo demglodol Jodom®o sbsemwobo

omgdlnGo b.co. | SiO2 | Al203 | Fe203 | CaO | MgO | MnO | Na20 | K20 | SO3 | TiO2 | SUM | Lnbgbdg
Nel bnbxn 12.0| 156 | 424 19.9 0.0 ] 0.0 | 0.0 0.4 0.0 | 0.0 | 9.7 | 100 34
Ne2 Lnbyxn 11.8 | 10.3 | 47.2 19.7 0.0 ] 0.0 | 0.0 0.0 0.1 | 0.0 | 10.0| 99 5.0
Ne3 bnbxn 11.9 | 10.6 | 46.9 19.8 0.0 ] 0.0 | 0.0 0.0 0.2 | 0.0 | 10.6 | 100 3.2
Ne4 bnbxn 10.5| 10.5 | 43.0 25.9 0.0 ] 0.0 | 0.0 0.0 0.2 | 0.0 | 95 | 100 31
Ne5 Lnbyxn 10.7 | 45 44.8 32.8 0.0 ] 00 | 01 0.2 0.1 | 0.0 | 65 | 100 2.7
Ne6 bnbxn 8.8 | 144 | 414 27.4 03] 00 | 00 0.0 04 | 02 | 7.2 | 100 2.9
Ne7 bnbyxn 11.7 | 18.7 | 33.3 28.3 02 ] 03 | 01 0.1 09 | 0.0 | 65 | 100 4.8
Ne8 Lnbyxn 109 | 254 | 31.3 21.0 36 | 10 | 04 0.1 0.6 | 0.2 | 55 | 100 7.6
Ne9 Lnbxn 116 | 74 48.1 22.1 0.0 ] 0.0 | 0.0 0.0 0.3 | 0.0 | 10.3 | 100 5.0
Ne10 bobxo 112 | 79 44.0 26.9 0.0 ] 00 | 0.1 0.0 0.2 | 0.0 | 96 | 100 4.4
bod. dmbogdn 111 | 125 | 42.2 24.4 04 ] 01 | 01 0.1 03 | 0.0 | 86 | 999 4.2

0m(390WMmd0sb  odmdobadg  Lofo@mdmm  9Judgm0dgbEHolmgol 493539009

dmJLoGHOL S B0 bamOlbOL sermdlool sdodugs 1/3 3OM3MMEF000 s 53

Botg30L 259mygbgds Lofo®mdmm 9du3gm0dgbEdo.

3b®ogo 10. sB9H. dngboEol s JsBmEo senmgdlowol 55Mggzol Jodom®o sbsemobo
b.co.| Si02 | Al203 | Fe203 | CaO | MgO | MnO | Na20 | K20 | SO3 | Tio2| SUM |bnbgb®g
112| 224 | 372 | 159 | 27 | 07 | 02 | 01 | 05 | 0.2 | 89 | 100.0 6.6
2B (sdo |20-5] 361 | 196 | 97 |78 | 21 | 04 | 01 | 12 | 15 | 11| 999 11.8
0@38060060) 9.1 32.1 23.3 24.8 4.1 1.2 0.3 0.1 0.8 0.1 4.1 100.0 8.9
sanmdboenb s | 9.6 | 331 | 21.8 | 221 | 63| 16 | 04 | 01 | 09 | 03 | 29| 99.1 8.4
omgboGol 88| 444 | 196 | 170 | 52 | 1.7 0.3 01 | 1.3 | 03 | 1.5 | 100.0 10.0
bo303/1  (110] 387 | 234 | 140 | 61| 14 | 03 | 01 | 12 | 04 | 35 | 1000 9.4
99| 384 | 222 | 171 |64 | 15 | 02 | 01 | 1.1 | 04 | 2.6 | 100.0 9.8
bod. Bmboggdn |11.4| 350 | 239 | 172 | 55| 1.4 | 03 | 01 | 1.0 | 04 | 35 | 99.9 9.3
63
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3MbE®Mml s Jodudo 899o3L 4930w gd0m b53wgd0 Lowroomdol mdloo.

2.2. /3060l 653f30L s 39306 botygzo

B3sbMeo  ®30b60L 65930 0dwgms LobvMzgwr FggRl, MBEs SGOL
y39wsbg 930600 bgowgmmwo  dobos, 63 93 9gBHO3bY  JoL3oL  JoMbobsdos,
d9L50530boE BoEOMEs FYTogz0 FMdomds ol 593G  BsFb33Gd9DY.
dogdol 3Mm3gbdo 503G 0bMLEGHMOImo bsMbgbo 3060l 3930, GMIol
5boe0Bgdog Logzdomm 39ML39JE0MEo Bsbs.

3bMoo 11. sBgHds0R 6o 39306 Jodommo sBogrobo
39630 @3dMOSGHMOONWo  dmbs38900©s0  98mI0bsMg doofys LofoMmdmm

30600 3030 b.o. SI02 AI203 Fe203 CaO MgO MnO Na20 K20 SO3 Ti02 SUM LoBgbdg

Lbobxo Nel 115 116 150 516 1.8 0.1 0.2 0.2 0.2 0.4 7.6 100.0 21.1
Lobxo Ne2 11,6 119 155 50.2 1.7 0.1 0.2 0.2 0.2 0.4 8.1 100.0 20.5
Lbobxo Ne3 119 111 159 503 1.6 0.1 0.2 0.2 0.2 0.5 8.1 100.0 215
Lobxo Ned 114 126 163 487 1.5 0.1 0.2 0.2 0.2 0.5 8.3 100.0 215
Lobxo Ne5 112 146 164 479 13 0.1 0.2 0.2 0.2 03 7.7 100.0 235
Lobxo Ne6 11.1 121 147 514 2.1 0.1 0.2 0.2 0.1 0.4 7.5 100.0 22.8
Lobxo Ne7 117 13.0 163 487 13 0.1 0.2 0.2 0.2 0.5 7.9 100.0 21.7
Lbobyxo Ne8 115 134 163 475 1.4 0.1 0.2 0.2 0.2 0.6 7.9 99.2 22.0
Lobxo Ne9 101 202 148 449 1.9 0.2 0.1 0.2 0.7 0.4 6.5 100.0 19.1
LBobxo Nel0 104 195 157 442 2.0 0.4 0.2 0.2 0.5 0.5 6.6 100.0 18.2
bobxo Nell 109 106 135 556 1.9 0.0 0.2 0.1 0.1 03 6.6 99.9 18.1
bobxo Nel2 10.7 104 136 556 1.9 0.1 0.2 0.2 0.1 0.4 6.8 100.0 19.6
Lbobyxo Nel3 114 134 152 50.1 1.7 0.2 0.2 0.2 0.2 0.4 7.1 100.0 19.0

bod. Bmbaggdn 11.2 13.4 153  49.7 1.7 0.1 0.2 0.2 0.2 0.4 7.4 99.9 20.7
99b3960396EOL Po@SMGdS s Ju3sbMMo M30bol 653F30L bofomdMmog hsbozzwgds
3B9gMd0R 6o 39300m.

bm@smo 13. gis3sbm®o G3060L bs9fiz0 s sBgMdsoRBMmo 3930
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39609308 MDBoMYdS BYdMEs  933MIEBZ0M™M539d0L  89339MdOm, 23bolsHBLIMS
99L55MgOgE0 Botgzo - 100% G 3060L b653(30, 1/1-Bg s 3/1-Bg dgegmero gudsbyeo

63060l 659(30 s sHgMdS0X 6o 3930.

300 12. g3s699MH0 3060l 65330l s 39306 BaMgzol JodomMmo sbsgobo

fa0bol ym33mBaB&n b.. Si02 Al203 Fe203 Ca0 Mg0 MnO Na20 K20 S03 Tio2 SUM  LnBabdg
294 46 62.72 314 99.86 22
29.1 45 62.6 379 99.29 34
30 438 60.21 4.85 99.86 2.38
29.3 4.7 61.72 4.26 99.93 1.27
ol B30 28.8 53 6L17 426 o a2l
28.8 59 50.51 4.26 89.47
28.1 5.6 61.78 412 99.6
25.2 4 59.91 4,72 0.8 0.13 0.51 0.91 0.00 1.18 97.44 3.54
0 25 4.4 60.8 431 0.85 0 0.54 0.49 0.06 1.78 98.23
0 28.2 5.7 59.7 39 0.5 0.1 051 0.2 0.05 12 100.06 5.3
— 2.8 19.6 9.2 60.73 19 0.41 0.1 0.5 0.7 0.09 3.96 99.99 4.78
i 23 19.1 9.3 62.06 1.65 0.45 0.1 0.5 0.64 0.09 3.78 99.97 7.5
PubobBioeesl ) sa w109 s747 e 0 ol 042 08 | 01 589 10004 88
0.7 20.6 75 64 1.84 0.43 0.11 0.62 0.69 0.07 31 99.66
0 249 3 65.44 2.69 0.71 0.09 0.86 1.03 0.05 0.48 99.25 4
0 239 238 6291 1.76 0.68 0.16 0.79 0.88 0.07 3.35 97.3
1 “
e 1
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2.4. bsfamdmm ggd39Mm0dgb@Egdo bymgmeols s Lsfgs30l Lbgaalibgs
dogdugdom, 3090bsMYMds s st 3gYagdo

B90mm»  50bodbMro  33¢09390006  250mIE0botg  9EO3MdM035
80900b5M9Md©s Lofo®dmm gdu3gm0dgb@gdo, Goms oy booygm bgwwgmeols
s bsbdo®mol dodugdol Ls3gmgbm 35605630 JarobzgMol bsdobbol, @wmdgerols
39d5030L 3OHMEgLOL Bo0dgEMMBOL S 653egd0 WsbsbIMIKGdOL Jobgz00.

Lofo®mdmm gdu3gm0dgbEH900 20 9335 GHIMPOIIMOS ISBMgdom 2 ol
3o6853emmdsdo,  gJu3gM0dgbEBHgdo  @oblbgoggdms  F9dgpo  Bmbsoggdgdol
dobggzo0m:

* oMM 3nd39696¢0L, 30MJ30UL, bodolboom (CaO/SiO2 BsHOMIOM
3060b 49%9M900L 3095303096E0™ - LSF-00)
o 3033mb963gd0L Mom©gbmdom s GHodom

¢ 690w gMwo 539300l oxgMgdol 3091303096¢0L doBboom
e 15)3930L BoMn30m, 569 JoMIIEMO S BogMHMSTMEMmOLM BoHA0MYGBOOL
3330900l Qosbsfowrgdom

2.4.1. b3 9dudgMmodgb@o Nel

3060390 Lofo®dmm 9dudgmodgbdo sofiym 99dgao botggzom: serdobols
09o0mBo - sewmgbool s demagduo@olb 3/1 3OHM3mM30900L Botgzo, 100% qldsbmMo
»3060L 659030, ©IOMBWOLHYsOML 306935, LolbmGol  306d3s  bsGolboom
993300 3560053000 109.5-113.3 306930l Boxmdol 3mgno3ogbdoo (LSF),
begoem Bsbdoco - Jo@omeno/ BogHmsdmmolem 3/2 3Grm3mMmE00m.
3gb®ogo 13. 9Ju3960dgbEo Nel

®3060L | o¢0wydob
LabbemMol JoMdgzol l;ibbm&) %Ofgﬁ)@o mdbo | ob ©dge | 3eob3g
Lofiymdo obdas 02) das ob mdboo | ob 33905 | Mo
3033 30™d3 g0 | b HgoHrm
CeoS | Lsr % % % % LSF LSF
3.442 0.0 89.9% 9.7% 2.5% 1.5% 107.3 96.3
3.448 111.4 89.0% 6.5% 2.3% 1.9% 107.8 96.7
0.000 0.0 88.6% 7.1% 2.4% 1.5% 106.9 96.7
3.454 111.3 87.6% 7.9% 2.2% 1.4% 105.9 95.9
3.448 0.0 90.3% 9.0% 2.5% 1.7% 106.2 96.4
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3.450 111.1 | 88.9% 5.9% 2.3% 1.5% 106.6 96.4
0.000 0.0 89.2% 7.6% 2.6% 1.6% 106.1 96.7
3.450 111.0 | 86.9% 7.0% 2.3% 1.3% 106.3 96.8
3.456 111.1 | 89.4% 10.0% 2.4% 1.3% 105.2 96.8
0.000 0.0 89.5% 7.0% 2.4% 1.3% 105.5 97.1
3.450 111.2 | 87.1% 7.0% 2.4% 1.4% 105.4 96.7
0.000 0.0 86.6% 9.6% 2.5% 1.9% 104.6 96.3
3.457 111.2 | 86.6% 9.6% 2.5% 1.9% 106.1 96.5
0.000 0.0 90.0% 8.0% 2.0% 0.5% 105.4 96.9
3.411 109.5 | 89.0% 8.2% 2.0% 0.8% 105.3 96.4
0.000 0.0 88.0% 9.7% 2.0% 0.3% 105.8 96.8
3.456 111.2 | 91.0% 6.8% 2.1% 0.4% 106.1 96.9
3.458 111.5 | 90.0% 7.3% 2.2% 0.6% 105.7 96.5
0.000 0.0 92.0% 5.3% 2.1% 1.0% 105.8 96.6
0.000 0.0 88.0% 8.9% 2.1% 0.6% 105.7 96.6
3.454 1115 | 90.0% 6.8% 2.2% 1.1% 106.4 96.6
3.457 0.0 90.0% 7.4% 2.2% 0.9% 106.0 94.8
0.000 0.0 88.0% 9.2% 2.1% 0.6% 105.7 95.3
0.000 0.0 88.0% 8.8% 2.3% 1.0% 105.8 96.5
6.913 | 2236 | 87.0% 9.7% 2.2% 1.5% 105.2 96.6
3.454 112.0 | 87.0% 10.0% 2.2% 1.1% 106.0 96.9
0.000 0.0 90.0% 6.6% 2.2% 1.6% 106.1 97.2
3.456 111.8 | 88.0% 8.1% 2.1% 1.5% 105.5 96.7
0.000 0.0 91.0% 5.6% 2.2% 1.4% 105.5 96.5
3.462 112.1 | 85.0% 10.9% 2.2% 1.5% 105.7 96.5
0.000 0.0 87.0% 9.7% 2.2% 1.6% 105.5 96.7
3.465 112.3 | 86.0% 10.6% 2.2% 1.6% 105.6 96.9
0.000 0.0 89.0% 7.4% 2.2% 1.5% 105.7 97.1
3.475 112.2 | 86.0% 10.2% 2.2% 1.5% 105.2 96.6
3.474 112.4 | 86.0% 10.6% 2.2% 1.5% 105.6 96.9
0.000 0.0 88.0% 8.4% 2.1% 1.6% 105.8 96.8
3.486 113.0 | 88.0% 7.6% 2.3% 1.7% 105.4 96.7
0.000 0.0 87.0% 8.6% 2.2% 1.8% 105.3 96.6
3.493 113.1 | 90.0% 6.3% 2.2% 1.8% 106.1 96.8
0.000 0.0 87.0% 9.6% 2.2% 1.4% 106.2 96.4
3.497 113.3 | 89.0% 7.7% 2.1% 1.5% 105.5 96.5
3.500 113.2 | 90.0% 6.4% 2.3% 1.8% 107.0 96.8
3.497 113.2 | 89.0% 7.7% 2.1% 0.8% 107.0 96.4
0.000 0.0 89.1% 7.6% 2.3% 0.9% 106.2 96.3
0.000 0.0 88.4% 8.3% 2.2% 1.0% 107.3 97.1
3.490 113.0 | 82.5% 12.7% 1.9% 2.9% 107.2 97.2
La8¢goqoem 88.3% 8.3% 2.2% 1.3% | 105.96 96.59
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5¢mdbool s dmduo@ol 1/1 3GMMm3m®mE0gdol bstgzo, 100% gudsbmemo H3060L
659030, ©yEMBWOLHYsOML 306Md3s, Lobbm®ol 306d3s boMobboom  oggadowo
3560053000 109.5 — 113.3 306J30L Rox @™ol 3mgn303096EH0™ (LSF) bmwm bsbdotmo
- J9O0)0/ LygPMSTMOOLM 3/2 3BMIMOEF00m.

Lofo®mdmm 9du39gM0dgbGo 0fiym d908ga0 bo®gzom: sedobols fysemdo -

2.4.2. bsHo@omm gdidgmodgb@o Ne2

3b®ogo 14. gdb3gmodgb@o Ne2

bid

J6N3IMLNOION

bslsbeaGols Lolbm® | gomue | 3060l | serdobol @yl | gaob
306430l bifigedo oL obfigstrcml | mgbool | mdubowol 233005 1960
306d30 30635 D9t Dyotren
CaO/Si02 | LSF % % % % LSF LSF
0.000 0.0 90.1% 6.2% 2.2% 1.5% 106.7 | 96.6
3.493 113.0 | 88.3% 8.2% 2.1% 1.4% 106.5 | 96.7
0.000 0.0 88.1% 8.6% 2.1% 1.3% 105.9 | 96.6
3.495 113.1 | 89.1% 7.4% 2.0% 1.5% 106.7 | 97.1
3.493 113.1 | 89.5% 6.8% 2.1% 1.6% 106.7 | 97.2
0.000 0.0 89.5% 7.0% 2.1% 1.3% 106.4 | 96.8
3.498 113.3 | 88.5% 8.3% 2.1% 1.1% 1054 | 96.5
0.000 0.0 91.5% 4.9% 2.2% 1.5% 107.0 | 96.9
3.490 112.9 | 86.2% 9.9% 2.1% 1.8% 106.7 | 97.0
0.000 0.0 87.1% 9.4% 2.2% 1.4% 106.7 | 96.9
3.494 113.0 | 89.0% 7.6% 2.1% 1.3% 106.7 | 97.0
3.496 113.2 | 87.6% 9.2% 2.2% 1.0% 106.4 | 97.1
3.498 113.0 | 91.2% 5.4% 2.1% 1.3% 105.8 | 96.4
0.000 0.0 90.3% 6.3% 2.1% 1.2% 105.6 | 97.0
3.494 112.9 | 89.5% 7.3% 2.1% 1.1% 106.1 | 97.0
0.000 0.0 89.9% 6.9% 2.1% 1.1% 106.4 | 97.0
3.474 112.5 | 89.6% 7.2% 2.2% 1.0% 1059 | 97.0
0.000 0.0 89.9% 6.9% 2.1% 1.1% 106.4 | 97.0
3.474 112.3 | 88.9% 7.7% 2.2% 1.3% 105.8 | 97.0
3.476 112.5 | 89.0% 8.0% 2.0% 1.0% 106.6 | 97.5
3.476 112.3 | 86.7% 9.7% 2.1% 1.4% 106.3 | 97.5
0.000 0.0 88.6% 8.2% 2.1% 1.1% 105.8 | 97.3
3.474 112.3 | 88.2% 8.3% 2.1% 1.3% 105.2 | 96.9
0.000 0.0 90.0% 6.8% 2.2% 1.1% 106.7 | 97.6
3.472 112.0 | 88.4% 8.2% 2.2% 1.2% 106.1 | 97.1
0.000 0.0 87.8% 9.2% 2.2% 0.8% 105.4 | 96.5
3.472 112.2 | 90.9% 6.0% 2.2% 0.9% 106.1 | 96.8
0.000 0.0 90.1% 6.7% 2.2% 1.0% 105.8 | 96.4
6.946 224.1 | 90.0% 7.4% 2.1% 1.0% 105.2 | 96.6
LIIFDIIMy GIIENIIAN
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0.000 0.0 91.0% 6.5% 2.1% 0.9% 105.3 | 96.7
3.477 112.2 | 91.0% 5.8% 2.2% 0.8% 105.1 | 96.3
3.479 112.4 | 88.3% 8.7% 2.2% 0.8% 105.0 | 96.8
0.000 0.0 90.4% 6.8% 2.2% 0.6% 105.3 | 96.4
3.482 1125 | 90.5% 6.4% 2.2% 0.9% 104.8 | 96.5
3.475 112.4 | 89.8% 7.3% 2.2% 0.8% 105.2 | 964

LB 89.3% 7.5% 2.1% 1.2% 105.99 | 96.85

LofomBdmm 9du396MH0d9bEo s0fym 9990 botmgz00m: semdobol fysermdo -
Senmdbool s  dmJboGol  1/1  3MM3MmOE0900L  baGgzo, gu3sbmGmo  ®3060l

LollbmMolL  306Md3s  bsGobbom

6s9f30/3930 3/1,

9393300 35M0s300m 112.1-112.4 306J30L BRosxmdol 3mgnoisogb@oo (LSF)

2.4.3. LsGsMImm 9Ju39M0d96EH0o Ne3

©IOMBOLHYSOML 3060939,

boenm 656060 - oMo/ LygPMsdmMHoLM 3/2 3HM3MMOE00m.

gb®ogo 15. gs3960dgbEo Ne3

J6N3IMLNOION

bid

™ S dob
LslibeGols 3064306 | Lslbeol §3§33ﬁ> :’di‘(’z)’gb @3) Qﬂfl?@ 3063
Lofymdo 306d3 b mdboo 960
306d3 byoo b Hyotrem 3300
CaO/Si02 | LSF % % % % LSF LSF
0.000 0.0 90.8% 6.1% 2.2% 0.9% 105.8 | 96.8
3.477 1122 | 87.6% 9.3% 2.1% 1.0% 105.7 | 96.8
0.000 0.0 91.2% 5.8% 2.1% 0.9% 105.6 | 96.7
3.476 1123 | 92.5% 4.7% 2.2% 0.6% 1059 | 971
3.475 112.2 | 93.0% 4.7% 2.1% 0.2% 105.6 | 96.8
3.475 112.1 | 90.1% 7.2% 2.2% 0.5% 106.4 | 97.1
0.000 0.0 92.0% 4.7% 2.3% 1.0% 105.7 | 971
3.474 1122 | 92.2% 4.8% 2.3% 0.8% 1043 | 96.3
0.000 0.0 90.4% 6.6% 2.3% 0.8% 105.6 | 97.0
3.488 112.4 | 91.5% 5.3% 2.4% 0.8% 105.7 | 96.8
3.479 112.2 | 89.9% 7.0% 2.3% 0.8% 105.3 | 96.6
0.000 0.0 91.4% 5.8% 2.3% 0.5% 105.6 | 96.9
L)oo 91.0% 6.0% 2.2% 0.7% | 105.60 | 96.83
LSRR B3NS
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2.4.4. Lofo@Imm gddg@odgbEo Ne4
Lofo®mdmm 9du39gM0dgbGo 0fiym 90890 bo®gzom: serdobols Hysemdo -

seomdbool s dmduoGol  1/1  3GMMm3mEmEogdol  bstgzo, gudsbmeo  G30bol
659(30/3930 1/1, @gomgzwobfystml 3060935, LobbmMol  3oMdzs bsGolboom
9393300 35005300 112.1 — 112.5 306J30L Box@mdol 3mgxn03096G0m (LSF)
begwem BsHJo6Mo - Jo@rmno/ BogHmsdmemolem 3/1 3Gm3mmE00m.

3b®ogo 16. gdudg®modgb@o Ne4

Lolbm 3060 | sedob
LalbmGol Mol | gomamobily | mjboo oL Q‘Sf{?@ 3wob3g
306d430L Lofymdo | 3oddg | sOmb 3oMdgs oL mdboo 33005 ®o
S 0956 | U fgotrm
Ca0O/Si02 | LSF % % % % LSF LSF
3.474 112.2 | 89.0% 7.9% 2.4% 0.8% 105.7 96.9
0.000 0.0 | 86.4% 10.5% 2.4% 0.7% 106.2 96.7
3.474 112.3 | 88.5% 8.5% 2.6% 0.4% 106.4 96.8
3.475 112.5 | 90.6% 5.1% 3.7% 0.6% 106.8 97.0
3.473 112.1 | 89.5% 7.1% 2.3% 1.1% 106.4 96.1
0.000 0.0 |92.1% 4.8% 2.3% 0.9% 106.0 96.2
3.477 112.3 | 90.0% 6.7% 2.7% 0.8% 106.3 96.7
baB¢gognm 89.4% 7.2% 2.6% 0.8% | 106.26 96.64

2.4.5. bofo®Omm gdidgmodgb@o Ne5

Bofo®dmm 9dl3gm0dgb@o sofym d9dgao Boggom: sermdobol fys®mdo -
senmgbool s  dmJbodol  2/1  3MM3MmME30900L  BaGgzo, gu3sbGmo G 3060l
6sd(30/3930 1/1, ©@gomBeolfystrml 306935, LslbmMol 3060435  bsGobboom
9393300 35M0s300m 112.1 — 112.5 3064308 Pox@mdol 3mgxn030gbEom (LSF)
begwem Bsbdoco - Jo@omao/ LogHmsdmemolem 3/1.
gbMowo 17. gds39modgb@Bo Ne5

®30b0L | semdob

LabbemMol bbbobb«ﬁ @O‘SQ; Z:ii()b mfjb()@ Q)(l:)jl) Q‘O(?l? < 3wobgzg

3069300L Lafgmdo ob cmdboo (Ote}

30073» 300330 GG | b fgooen | 3890

CaO/SiO2 | LSF % % % % LSF LSF
3.473 111.9 | 91.0% 5.8% 2.3% 0.8% 106.1 96.4
0.000 0.0 91.0% 5.7% 2.3% 0.9% 106.0 96.2
3471 112.2 | 93.0% 4.3% 2.4% 0.1% 105.8 96.2
0.000 0.0 89.8% 7.3% 2.8% 0.1% 104.8 95.2
3.474 112.0 | 90.5% 6.5% 2.9% 0.1% 105.3 96.0
3.474 112.2 | 88.8% 8.2% 2.7% 0.3% 105.6 96.3
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0.000 0.0 91.2% 5.8% 2.6% 0.4% 106.1 96.6
0.000 0.0 92.2% 5.1% 2.4% 0.3% 106.4 96.9
0.000 0.0 91.0% 6.1% 2.5% 0.4% 105.8 96.2
3.478 112.1 | 87.7% 8.5% 2.5% 1.3% 106.3 96.8
0.000 0.0 89.4% 7.3% 2.6% 0.7% 106.2 96.4
3.486 112.3 | 91.1% 5.7% 2.5% 0.7% 105.9 95.7
3.478 112.1 | 89.4% 7.5% 2.5% 0.7% 106.1 95.9
0.000 0.0 89.4% 7.6% 2.5% 0.5% 106.6 96.5

bBo™ 90.4% 6.5% 2.5% 0.5% | 105.93 96.22

2.4.6. LsfHo®dmm gdu3g®0dgbEo Neb

Bofo®dmm 9dl3gmodgb@o sofym dqdgao Bogzom: sermdobol fysemdo -
senmdbool s  dmJbodol  3/1  3MM3mME30900L  BaGgzo, gu3sbGmo G 3060l
Bsd(30/3930 1/1, ©@gomBEolgstrnl 306935, Lsbbm&mol 306435  bs@olboo
9393300 35005300 110.5 — 112.0 306J30L Pox™dol 3mgxn03096E0m (LSF)
begoem Bsbdoco - Joerommeo/ BogOHmsdmmolem 3/1 3MM3MGHE00m.

3b®ogo 18. gdudgmodgb@o Ne6

LalbmGols babbod | @yeegeol ijii(;: ‘5@3)606 VA 3wob3g

306J30L Lafymdo ob bl ol mdbogo ob 6o

30033s 300739 BgsGor | b fgoe 33000

CaO/SiO2 | LSF % % % % LSF LSF
3.475 112.1 | 89.2% 7.5% 2.5% 0.8% 106.7 96.5
3.472 112.0 | 88.9% 7.7% 2.7% 0.8% 106.9 96.7
0.000 0.0 86.7% 9.8% 2.4% 1.1% 106.4 96.5
3.446 110.5 | 88.5% 8.3% 2.4% 0.7% 106.8 96.7
3.474 111.2 | 85.5% 11.4% 2.3% 0.7% 106.1 96.2
0.000 0.0 83.2% 13.9% 2.3% 0.6% 105.9 95.7
3.474 1111 | 85.8% 11.4% 2.2% 0.7% 107.4 96.0
0.000 0.0 88.6% 8.4% 2.2% 0.8% 106.8 96.5
3.475 111.2 | 84.4% 12.7% 2.3% 0.6% 106.2 95.7
0.000 0.0 80.5% 16.3% 2.3% 0.9% 105.8 95.9
3.473 111.1 | 83.6% 13.3% 2.2% 0.9% 106.6 96.0
0.000 0.0 84.0% 13.5% 2.3% 0.2% 106.1 95.3
bBYdE™ 85.8% 11.2% 2.3% 0.7% | 106.48 96.14
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2.4.7. Lsfs®Bnm 9Ju3gH0dgbEo Ne7

LofomBdmm 9du396H0d9bE0 @s0fym 99990 botgz00m: semdobol fysermdo -
seomdbool s dmduoGol  3/1  3OM3mmE0gd0L  bsMgzo, gu3sbmEmo  G30bols
659(30/3930 2/1, ©@gO™BwobLHyseml 3060935, LabbemMol  3oMdzs  bsGolboom
5393300 350053000 111.2-113.6 306J30L BRsxmdol 3mgnozogbdoo (LSF)
begwem Bsbdoco - Jo@omeno/ BogHmsdmmolem 3/1 3Gm3mMmE00m.
3gb®owo 19. gJu3gmodgbBo N7

3060 | sedob
LalbmGols bbb:bmﬁ) ©IEMBEOLH m?jbogp Q’((()jb ngl?@ 3wob3g
306d30L Lafymdo goMml 3060935 ol mdlboo 6o
30043> GG | b fgotsen | 9890
CaO/Si02 | LSF % % % % LSF LSF
3.477 111.4 | 82.9% 14.2% 2.2% 0.7% 106.5 95.9
0.000 0.0 82.6% 14.6% 2.3% 0.5% 107.3 96.1
3.476 111.2 | 85.1% 12.3% 2.3% 0.3% 107.4 96.3
3.496 111.8 | 83.8% 13.7% 2.3% 0.1% 106.8 96.7
0.000 0.0 84.3% 13.5% 2.2% 0.0% 107.1 96.6
3.536 113.6 | 85.3% 12.4% 2.3% 0.1% 106.8 96.4
boBgogee 84.0% 13.5% 23% | 03% | 106.98 | 96.33

2.4.8. Laffam3nm 9Ju3gm0dgbEo Ne8

Bofo®dmm 9dldgmodgb@o sofym dqdgao Bogzom: sermdobol fysemdo -
senmdbool s  dmJboBGol  3/1  3MM3MmME30900L  BaGgzo, gu3sbMGmo G 3060l
Bsd(30/3930 3/1, ©gEOMBEOLHYseIML  306d35,  LslbmMOL 3060435  bsGOLbom
9393300 350053000 114.0-121.6 306J30L Boxmdol 3mgnoEogb@oo (LSF)
begwem Bsbdoco - Jo®rmnmao/ BogOHmsdmmolem 3/1 3OMm3MEGE00m.
gbMoo 20. gs39Godgb@o N8

®30b0b | semdob

Labbemmol babboe ©9Mz3obf; mfjb()@ Q)(l:)jl) Qode 3wobgzg

3069300L Lafgmdo ob gomb 3060435 ob cmdboo ob (Ote}

30033 Fyporr | b Ggpoen | 330%°

CaO/SiO2 | LSF % % % % LSF LSF
0.000 0.0 | 85.1% 12.3% 2.4% 0.2% 106.0 96.5
3.570 114.4 | 81.9% 14.8% 2.4% 0.9% 106.7 96.4
3.591 115.0 | 86.0% 11.5% 2.4% 0.2% 106.4 95.8
0.000 0.0 | 85.1% 12.5% 2.4% 0.1% 106.8 95.5
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0.000 0.0 | 85.4% 12.2% 2.3% 0.1% 106.5 95.4
0.000 0.0 | 83.4% 13.9% 2.5% 0.2% 106.5 96.1
3.641 | 116.7 | 84.9% 12.4% 2.4% 0.3% 106.7 95.9
3.681 | 117.6 | 86.0% 11.0% 2.4% 0.7% 106.6 96.2
0.000 0.0 | 83.9% 13.3% 2.3% 0.5% 106.4 95.9
3.716 | 118.9 | 83.7% 13.1% 2.2% 1.0% 106.8 96.1
3.809 | 121.6 | 85.9% 11.2% 2.2% 0.8% 106.7 96.3
0.000 0.0 | 85.9% 10.7% 2.8% 0.6% 107.8 96.9
0.000 0.0 | 87.9% 8.8% 2.4% 0.9% 107.2 96.2
bodegogoe 85.0% 12.1% 2.4% 0.5% | 106.69 | 96.09

2.4.9. LM 9du39H0d96E 0 N9

LoHomBmm 9du396MH0d9bEo @s0fym 9990 botgzom: semdobol fysermdo -
5emgdbool s dmJuo@ol 3/1 3GM3MmM309d0L botgzo, JudsbmMo G30bol bsdfjzo
100%, ©9EMBOLHYSOML 3060435, LobMmOOL  306d3s bosGolbbom  ©iygadowo
3560053000 121.2 — 123.4 306J30L Pox ™oL 30958303096E0m (LSF) bmerm bsbdotmo

- 900 0/5gMHDSTMMOLM 3/1 3OHM3MOEF000.

3b®ogo 21. gdb3gmodgb@o Ne9

63060l | seydob

LalbmGols bob:bmﬁ) ©IOMBEOLH m?jbog @3) ngal?@ 3wob3g

30630l Lafymdo goMml 3060935 ol mdbogo 6o

300g30 Byt | b s | 33990

Ca0O/Si02 | LSF % % % % LSF LSF
3.799 121.2 | 85.7% 10.9% 2.5% 1.0% 106.7 95.2
0.000 0.0 87.2% 9.8% 2.2% 0.8% 107.1 95.3
3.810 121.7 | 87.5% 9.6% 2.2% 0.7% 107.4 95.7
0.000 0.0 86.6% 10.4% 2.2% 0.8% 106.8 96.0
3.803 1215 | 86.1% 11.2% 2.2% 0.5% 107.2 96.7
3.852 123.4 | 86.6% 10.7% 2.1% 0.7% 106.8 96.0
ba8¢gognm 86.6% 10.4% 2.2% 0.7% | 106.98 95.83

2.4.10 Lso®dmem 9Judg0dgb@EHo Ne10

Bofo®dmm 9dldgm0dgb@o sofym dgdgao Bogzgom: sermdobol fysemdo -

senmdbool s dmdboGol  3/1  3GMM3MMOE30900L  BaGgzo, gu3sbEmo  ®30b6ol

6s9(30/3930 3/1, ©@gOMBEOoLHyse™l  306d35,  LslbmMol 3060435  bsGobbom

5393300 35005300 107.0 — 124.0 306J30L Pox ™oL 3mgxn03096E0m (LSF)

begoem Bsbdoco - Jo@omeno/ BogHmsdmmolem 3/1 3Gm3mOHE00m.

LIIIMMIIVML GIIENIIMN
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3bM0owo 22. 9J3960dgbEo Ne10

63060L | sedob
LalbmGol bbb:bM@ ©gOMxobf; mi]on Q)((:)jl) Q'ﬂ(?l?@ 3wob3g
3069300L Lafgmdo gsmb 306435 ob cmdboo (Ote}
30043> GG | b fgotpen | 3890
CaO/Si02 | LSF % % % % LSF LSF

0.000 0.0 | 87.3% 9.5% 2.1% 1.1% 106.8 96.1
3.852 122.7 | 87.5% 9.7% 2.4% 0.5% 107.0 96.3
0.000 0.0 | 88.9% 8.4% 2.4% 0.3% 107.1 96.2
3.856 122.6 | 89.4% 8.1% 2.4% 0.2% 107.1 96.2
3.849 122.6 | 88.5% 8.8% 2.4% 0.3% 106.8 97.0
3.894 1241 | 92.0% 6.0% 2.0% 0.1% 106.7 96.4
0.000 0.0 91.0% 7.0% 2.0% 0.1% 106.9 97.4
3.894 123.8 | 92.0% 5.0% 2.0% 0.1% 106.7 97.2
0.000 0.0 | 88.4% 9.3% 2.2% 0.1% 107.2 96.5
3.895 124.2 | 92.3% 5.5% 2.2% 0.1% 107.1 97.5
0.000 0.0 | 91.7% 5.8% 2.5% 0.1% 106.3 97.5
3.897 124.4 | 90.5% 7.1% 2.3% 0.1% 107.0 97.4
3.895 124.8 | 93.5% 4.1% 2.2% 0.2% 105.8 97.7
0.000 0.0 | 92.8% 4.6% 2.5% 0.2% 107.0 97.8
3.900 124.7 | 92.2% 5.2% 2.4% 0.3% 107.0 97.8
0.000 0.0 | 93.3% 4.0% 2.1% 0.5% 106.3 97.9
3.896 123.8 | 89.3% 7.7% 2.3% 0.8% 106.5 97.1
0.000 0.0 | 94.4% 3.1% 2.4% 0.0% 106.8 97.1
3.900 124.9 | 92.5% 4.9% 2.5% 0.1% 105.4 97.3
3.906 124.6 | 94.4% 2.5% 2.5% 0.5% 105.2 97.4
3.899 124.6 | 93.9% 3.2% 2.3% 0.6% 106.1 97.1
0.000 0.0 | 94.6% 2.2% 2.6% 0.6% 104.9 97.1
3.894 124.3 | 94.5% 2.9% 2.6% 0.0% 106.2 96.6
3.864 123.4 | 95.5% 1.9% 2.5% 0.1% 105.2 97.5
0.000 0.0 | 92.8% 4.5% 2.4% 0.3% 104.8 97.2
3.826 122.6 | 94.8% 2.1% 2.4% 0.6% 103.9 96.7
0.000 0.0 | 95.6% 1.6% 2.6% 0.2% 104.6 96.4
3.822 1225 | 94.1% 3.4% 2.5% 0.1% 104.5 96.8
0.000 0.0 | 96.2% 0.8% 2.3% 0.8% 105.0 97.2
7.598 242.8 | 92.5% 4.3% 2.5% 0.7% 104.8 97.3
0.000 0.0 | 92.6% 4.8% 2.6% 0.1% 104.5 96.9
3.770 120.6 | 96.4% 0.7% 2.5% 0.4% 105.3 97.3
3.779 121.0 | 95.3% 1.7% 2.6% 0.4% 104.7 97.0
0.000 0.0 | 96.7% 0.5% 2.6% 0.3% 103.8 96.4
0.000 0.0 | 96.4% 0.1% 2.5% 0.9% 105.5 96.1
3.780 120.9 | 95.3% 1.4% 2.4% 1.0% 104.0 96.2
3.773 120.7 | 95.8% 1.3% 2.6% 0.3% 104.4 96.1
3.699 118.1 | 96.2% 1.2% 2.5% 0.1% 104.6 96.8
0.000 0.0 | 95.6% 1.8% 2.3% 0.2% 105.1 96.9

bid
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3.645 | 116.5 | 94.9% 2.1% 2.4% 0.5% 104.0 96.6
3.645 | 116.5 | 92.0% 5.4% 2.5% 0.1% 104.1 96.7
0.000 0.0 | 92.8% 3.7% 2.6% 0.9% 105.7 96.9
0.000 0.0 | 95.6% 1.8% 2.5% 0.2% 104.3 96.8
3.647 | 116.5 | 93.9% 3.5% 2.5% 0.1% 104.9 96.6
0.000 0.0 | 96.6% 0.7% 2.5% 0.2% 104.4 96.4
3.647 | 116.2 | 95.3% 2.1% 2.6% 0.1% 103.7 96.8
3.643 | 116.7 | 95.6% 1.9% 2.5% 0.1% 104.7 96.2
0.000 0.0 | 95.4% 2.0% 2.6% 0.1% 103.9 96.4
3.647 | 116.5 | 93.4% 3.8% 2.6% 0.2% 104.8 97.1
3.644 | 116.5 | 96.2% 0.1% 2.5% 1.2% 104.4 96.6
3.640 | 115.7 | 96.5% 0.3% 2.5% 0.6% 105.1 96.6
0.000 0.0 | 96.7% 0.2% 2.4% 0.8% 104.8 96.8
3.646 | 116.2 | 96.5% 1.1% 2.4% 0.0% 104.2 96.4
3585 | 114.1 | 97.0% 0.1% 2.4% 0.5% 105.1 97.2
0.000 0.0 | 97.0% 0.2% 2.5% 0.3% 105.6 97.0
3584 | 114.4 | 96.6% 0.1% 2.5% 0.9% 104.8 96.7
3587 | 114.6 | 96.6% 0.1% 2.6% 0.7% 104.9 97.1
0.000 0.0 | 96.8% 0.2% 2.4% 0.6% 104.6 96.8
3541 | 113.3 | 95.9% 1.4% 2.5% 0.1% 105.4 96.1
0.000 0.0 | 96.8% 0.0% 2.5% 0.6% 104.9 97.0
3.392 | 108.4 | 91.6% 5.7% 2.4% 0.3% 105.0 97.6
3.399 |108.6 | 93.9% 3.5% 2.5% 0.1% 102.8 96.6
0.000 0.0 | 94.3% 3.3% 2.5% 0.0% 104.5 96.5
3.355 | 107.0 | 91.9% 5.6% 2.5% 0.0% 104.1 96.5
3.355 | 107.2 | 95.0% 2.5% 2.5% 0.0% 103.8 96.2
0.000 0.0 | 91.3% 6.2% 2.5% 0.0% 104.6 96.6
3.356 | 107.2 | 93.4% 4.0% 2.6% 0.0% 103.1 96.2
0.000 0.0 | 93.5% 4.0% 2.5% 0.0% 102.5 96.0

bodegogoem 93.8% 34% | 2.4% 0.3% | 105.19 96.82

Bofo®dmm 9dl3gm0dgb@o sofym dgdgao Bogzom: sermdobol fysemdo -
seomdbool s dmduoGol  3/1  3GM3mGmE0gdol  bstyg3o,
6s9(30/3930 3/1,

2.4.11. bsGomdnm gdudgmodgb@o Nell

©IOMBOLHYSOML 3060939,
993300 35005300 107.5 — 112.9 306J30L Box@™dol 3mgx803096G0m (LSF)

LSbbMEOL 306935  bsGolbom

begoem Bsbdoco - Jo@omeno/ BogHmsdmMolem 2/1 3Gm3mOE00m.
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3bMoo 23. 9Ju39»0dgbEo Nell

63060L | sedob
LalbmGol bbb:bM@ ©gOMxobf; mi]on Q)((:)jl) Q'ﬂ(?l?@ 3wob3g
3069300L Lafgmdo gsmb 306435 ob cmdboo (Ote}
30043> GG | b fgotpen | 3890
CaO/siO2 | LSF % % % % LSF LSF

3.372 107.7 | 88.5% 9.0% 2.5% 0.0% 103.7 95.4
0.000 0.0 | 91.4% 6.4% 2.3% 0.0% 103.9 95.8
3.374 107.5 | 89.7% 8.0% 2.3% 0.0% 104.0 96.2
3.372 107.7 | 90.9% 6.9% 2.2% 0.0% 104.0 95.8
0.000 0.0 | 91.9% 5.9% 2.2% 0.0% 104.9 96.3
3.446 109.8 | 90.4% 7.3% 2.2% 0.1% 105.8 96.7
3.448 110.1 | 93.6% 4.2% 2.2% 0.0% 103.9 96.9
3.448 110.3 | 91.5% 6.1% 2.4% 0.0% 104.9 96.5
0.000 0.0 | 91.7% 5.8% 2.4% 0.1% 104.1 96.3
3.449 1104 | 91.7% 5.7% 2.4% 0.3% 104.9 96.8
3.449 110.4 | 90.2% 7.4% 2.2% 0.2% 104.6 96.5
0.000 0.0 | 89.7% 7.7% 2.3% 0.3% 105.0 96.5
3.448 110.3 | 92.9% 5.3% 2.5% 0.3% 104.2 96.7
3.449 110.2 | 91.0% 6.6% 2.3% 0.1% 102.8 96.7
3.449 110.2 | 90.1% 7.0% 2.7% 0.2% 102.5 97.0
0.000 0.0 | 91.7% 5.8% 2.3% 0.2% 105.3 96.5
3.443 110.4 | 91.7% 5.8% 2.5% 0.1% 104.5 96.1
0.000 0.0 | 91.6% 5.8% 2.5% 0.0% 104.4 96.6
3.497 112.0 | 89.7% 7.7% 2.6% 0.0% 104.9 97.1
3.497 112.2 | 91.7% 5.7% 2.4% 0.1% 104.3 96.3
0.000 0.0 | 91.5% 5.6% 2.5% 0.4% 106.0 97.6
3.499 112.4 | 93.2% 3.7% 2.5% 0.6% 103.7 96.4
3.504 112.3 | 91.8% 5.6% 2.3% 0.2% 104.9 96.7
0.000 0.0 | 92.9% 4.0% 2.5% 0.6% 103.7 96.8
3.498 112.1 | 90.0% 7.3% 2.4% 0.2% 104.8 96.2
0.000 0.0 | 90.4% 7.2% 2.2% 0.1% 105.6 97.1
0.000 0.0 | 93.4% 4.1% 2.4% 0.1% 104.9 97.0
3.498 111.7 | 91.4% 6.3% 2.3% 0.0% 103.9 97.0
0.000 0.0 | 92.9% 4.2% 2.4% 0.5% 101.4 94.3
3.5627 112.9 | 91.0% 6.4% 2.3% 0.2% 105.3 96.9
0.000 0.0 | 90.4% 6.9% 2.3% 0.4% 104.1 96.1
3.492 111.8 | 90.2% 7.1% 2.1% 0.6% 104.8 96.4
3.513 112.6 | 92.2% 5.2% 2.4% 0.2% 104.5 96.4
0.000 0.0 | 91.9% 5.5% 2.2% 0.3% 104.4 96.1
3.495 112.1 | 92.0% 5.8% 1.8% 0.4% 105.8 96.5
3.497 111.9 | 90.4% 6.8% 2.3% 0.5% 104.0 96.2
3.495 112.0 | 90.9% 6.6% 2.2% 0.3% 104.8 95.5
3.495 112.1 | 94.1% 3.1% 2.3% 0.4% 104.4 96.5

boBgogre 91.4% 6.1% | 2.3% 0.2% | 104.40 | 96.42

bid
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LoHomBdmm 9du396H0d9bEo @sofym 99990 botgz00m: semdobol Fysermdo -
5¢mdbool s dmJuo@ol 3/1 3OHM3MmME309d0L botgzo, JudsbmMo G30bol bsdfjzo
100%, ©@9EMBWOLHYSOML 3060435, LobMmOOL  306d3s bosGolbbom  ©iygadowo
3560053000 112.0 - 112.3 306J30L Rox@™doL 30958303096E0m (LSF) bmerm bsbdotmo
- 9GO0/ LygBMSTMOHOLM 3/1 3OMIMMOEFOOm.

2.4.12 155{sm3mem gdudg®odgb@o Nel2

3gbMoo 24. 9di39M089bE0 Ne12

63000l | seydob

LalbmGols babboe ©IEMBEOLH m?jbogp @(?b VAL 3wob3g

306dJ30L Lafymdo ob goMml 3060935 ol mdbogo ob 6o

300g30 Byt | b B | 33990

CaO/Si02 | LSF % % % % LSF LSF
3.494 112.3 | 91.0% 6.2% 2.4% 0.3% 105.2 96.2
0.000 0.0 92.5% 4.9% 2.3% 0.3% 104.0 96.5
3.493 112.0 | 90.9% 6.4% 2.4% 0.4% 104.3 96.2
3.499 112.1 | 91.4% 5.8% 2.3% 0.5% 104.3 96.4
0.000 0.0 89.8% 7.4% 1.6% 1.2% 103.9 96.4
boBgogee 91.1% 6.1% | 2.2% 0.6% | 104.36 | 96.33

LoHomdmm 9du396H0d9bE0 s0fym 9990 botgzom: semdobol fysemdo -

senmdbool s dmdboGol  3/1  3GMM3MMOE30900L  BaGgzo, gu3sbEmo  ®30b6ol

658(30/3930  3/1, Lolbm®ol  3060d3s  boGobboo

2.4.13. Lsfo@dmm 9dudgmodgb@o Nel3

©9IOMBOLHYSOML 3060439,
9393300 35M05300m 111.6 — 112.3 3064306 Pox ™ol 3mgxn03096E0m (LSF)

begwem 6sHdoco - Jo@mo/ BogHmsdmemoliem 3/1 3Gm3mmE00m.
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3bMowo 25. 9Jb39M0dgbEo Ne13

LalbmGol babbe6 | @engeob i))\?ji))i(;) 0@3)806 Qode 3wob3g

3069300L Lafgmdo ob bysb ob cmdboo ob (Ote}

300730 300730 Bysm | b Gy 33090

CaO/SiO2 | LSF % % % % LSF LSF
3.497 | 111.6 | 91.3% 6.8% 1.7% 0.2% 104.8 96.1
0.000 0.0 | 92.3% 5.0% 2.3% 0.4% 104.2 96.5
3.495 | 111.9 | 92.3% 5.4% 2.4% 0.0% 103.9 96.1
0.000 0.0 | 90.5% 7.0% 2.5% 0.0% 105.5 96.5
3502 | 112.3 | 92.6% 4.9% 2.4% 0.1% 105.2 95.9
3.497 | 111.8 | 93.7% 2.7% 2.4% 0.2% 104.8 96.1
3.494 | 111.8 | 95.4% 2.2% 2.4% 0.0% 104.9 96.1
[RGeEY) 92.6% 4.9% 2.3% 0.1% | 104.76 96.19

LoHomBmm 9du39MH0d9bEo @s0fym 9990 botgz00m: semBobol fysermdo -
5emgdbool s dmJbo@ol 3/1 3OM3MmME309d0L botgzo, Ju3sbmMo G30bol bsdfjzo
100%, ©@9EMBOLHYSOML 3060435, LsbMmOOL  306d3s boGolbbom  ©ygadowo
396005300m 112.3 — 114.1 306430l Bosx@mdol 3mgxn0309bEH0m (LSF) b bsbdomo

2.4.14. Lsfs®HImm 9Ju3gHodgbBHo Ne14

- JoG0)eo/ LygBMsTMOHOLM 3/1 3OHMIMMOEFOOm.

3bMowo 26. gds39m0dgbEo Nel4

63060l | seydob

LalbmGols bob:bmﬁ) ©IEMBEOL m?jbog @3) ngal?@ 3wob3g

306930l Lofymdo gomb 300935 ob mdboo 6o

300432 fgorm | b fystre 33002

Ca0O/Si02 | LSF % % % % LSF LSF
0.000 0.0 93.0% 4.7% 1.8% 0.5% 104.3 96.3
3.494 112.3 | 90.1% 6.9% 2.2% 0.9% 104.7 96.0
0.000 0.0 89.1% 8.3% 2.2% 0.4% 105.1 96.3
3.492 112.4 | 90.2% 7.4% 2.1% 0.3% 106.5 96.8
0.000 0.0 90.5% 6.8% 2.4% 0.3% 104.9 96.5
3.527 113.4 | 90.9% 5.9% 2.9% 0.3% 104.7 96.3
0.000 0.0 90.7% 6.9% 2.3% 0.2% 104.7 96.3
3.555 1141 | 91.9% 5.4% 2.3% 0.4% 104.7 96.7
boBgogre 90.8% 6.5% | 2.3% 04% | 104.95]| 96.39
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2.4.15 bsfa@dme gddg®odgb@o Nel5
Lofo®mdmm 9du39M0dgbGHo 0fiym 9890 bo®gzom: serdobols Hysemdo -

5¢mdbool s dmJuo@ol 5/1 3OM3MmME309d0L botgzo, JudsbmMo G30bol bsdfjzo
100%, ©@9EMBEOLHYsOML 3060935, LslbmMol 3oMdzs boGolbom  ©sagyadowo
39560053000 113.8 — 117.7 306J30L Box @™ol 300958303096E0m (LSF) bmerm bsbdotmo
- oo/ LogOmsdmemolem 3/1.

3b®ogo 27. gdu3gmodgb@o Ne15

®30b60L | seydob
LalbmGol bbb:bmﬁ) ©gMxobf mfjon Q’((()jl) Q‘(j(?l? < 3wob3g
306dJ30L Lafymdo go®mL 306935 oL mdboo ®o
30043> GG | b Fgotsen | 9899
Ca0O/Si02 | LSF % % % % LSF LSF

3.5655 114.3 | 93.9% 3.4% 2.2% 0.5% 103.4 95.9
3.559 114.6 | 89.9% 7.1% 2.4% 0.6% 105.2 96.8
0.000 0.0 88.5% 8.8% 2.2% 0.5% 104.4 95.6
3.533 113.8 | 92.9% 4.1% 2.4% 0.6% 104.6 96.5
3.654 117.6 | 90.1% 6.9% 2.2% 0.8% 103.5 96.4
0.000 0.0 90.5% 6.1% 2.3% 1.1% 105.7 96.6
3.658 117.4 | 90.2% 7.1% 1.9% 0.8% 104.5 96.8
0.000 0.0 92.4% 3.9% 2.6% 1.1% 106.1 96.1
3.652 117.4 | 92.4% 5.2% 2.3% 0.1% 105.0 96.5
0.000 0.0 94.6% 2.2% 2.5% 0.7% 104.3 97.0
3.656 117.6 | 93.2% 4.0% 2.3% 0.5% 104.4 96.4
3.653 117.0 | 91.0% 6.3% 2.3% 0.5% 104.5 96.4
0.000 0.0 87.9% 6.8% 2.3% 3.1% 104.7 95.8
3.659 117.7 | 89.7% 6.2% 2.1% 2.0% 104.2 96.3

bo3goge 91.2% 5.6% | 2.3% 0.9% | 104.61| 96.36

3gbMoo 28. gds39m0dgb@o Ne16, 0039 3Hm3m™E30gd0 ©s 100% sermdlogo

®30b0L | semdob

Labbemmol bbb:bmﬁ) ©9Mz3obf; mfjb()@ Q)(l:)jl) Q‘O(?l? < 3wobgzg

3069300L Lafgmdo gomb 3060435 ob cmdboo (Ote}

30043° BgsGo | b fgoen | 3390

CaO/SiO2 | LSF % % % % LSF LSF
0.000 0.0 | 93.4% 4.1% 2.3% 0.2% 104.2 96.6
3.656 117.0 | 92.6% 4.8% 2.5% 0.1% 105.1 96.2
3.657 117.2 | 95.5% 2.2% 2.4% 0.0% 105.4 96.3
0.000 0.0 | 94.9% 2.6% 2.3% 0.2% 104.7 96.2
3.653 117.7 | 90.9% 5.6% 2.3% 1.3% 107.1 96.5
3.655 117.6 | 89.7% 5.4% 2.4% 2.4% 102.4 96.6
bBYdE™ 92.8% 4.1% 2.4% 0.7% | 104.81 96.41
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2.4.16. LsGs®Imm 9Ju3g®modgbEHo Ne17
Lofo®mdmm 9du39M0dgbGHo 0fiym 9890 bo®gzom: serdobols Hysemdo -

5¢mdbool s dmJuo@ol 9/1 3OHM3MmME309d0L botgzo, JudsbmMo G30bol bsdfjzo
100%, ©@9EMBEOLHYsOML 3060935, LslbmMol 3oMdzs boGolbom  ©sagyadowo
39560053000 112.3-118.8 3069300 Box @™ol 3095303096¢0m (LSF) bogom bsbdoto -
JoOo/ LogOHmsdm®olm 3/1 3OHM3MMEF00m.

3b®ogo 29. gdu3gmodgb@Ho Nel7

3060 | sedob
LalbmGol bbb:bmﬁ) ©gMxobf mfjon Q’((()jl) Q‘(j(?l? < 3wob3g
306dJ30L Lafymdo go®mL 306935 oL mdboo ®o
30043> GG | b Fgotsen | 9899
Ca0O/Si02 | LSF % % % % LSF LSF

0.000 0.0 92.6% 4.6% 2.4% 0.4% 104.7 96.0
0.000 0.0 93.1% 3.8% 2.4% 0.7% 104.7 96.2
3.603 116.0 | 94.1% 2.1% 2.3% 1.5% 104.3 96.0
3.659 117.6 | 89.0% 7.0% 2.2% 1.7% 104.2 96.0
0.000 0.0 92.8% 3.4% 2.2% 1.6% 104.1 95.9
3.657 0.0 91.1% 5.1% 2.2% 1.6% 105.0 96.2
3.654 117.6 | 91.5% 4.6% 2.1% 1.7% 104.4 95.8
0.000 0.0 91.0% 5.2% 2.1% 1.7% 104.1 96.2
3.659 1175 | 94.3% 2.4% 2.1% 1.2% 104.8 95.9
0.000 0.0 92.6% 4.1% 2.2% 1.1% 104.6 95.9
3.602 1155 | 92.9% 3.5% 2.3% 1.3% 103.5 96.0
0.000 0.0 91.1% 5.4% 2.3% 1.2% 102.7 96.3
3.656 117.4 | 92.7% 4.7% 2.2% 0.3% 104.1 95.6
0.000 0.0 95.8% 1.2% 2.2% 0.8% 103.9 96.4
3.648 117.0 | 95.1% 1.7% 2.3% 0.9% 103.2 96.1
0.000 0.0 94.0% 2.8% 2.2% 1.1% 103.3 95.9
3.653 117.2 | 94.2% 2.8% 2.0% 1.0% 103.9 96.5
0.000 0.0 89.0% 7.7% 2.2% 1.1% 103.1 96.2
0.000 0.0 84.5% 12.3% 2.3% 0.9% 103.2 96.0
0.000 0.0 93.3% 3.3% 2.1% 1.3% 103.5 96.3
3.653 117.0 | 94.1% 2.9% 2.0% 1.1% 104.2 96.3
0.000 0.0 92.5% 4.3% 2.0% 1.2% 103.7 96.5
0.000 0.0 92.2% 4.5% 2.2% 1.2% 104.5 96.3
3.657 117.4 | 92.6% 4.3% 2.3% 0.8% 103.3 96.7
3.711 118.8 | 92.7% 3.8% 2.2% 1.3% 104.1 96.6
3.603 115.6 | 93.1% 4.2% 2.0% 0.8% 104.0 96.3
0.000 0.0 94.4% 2.5% 2.2% 0.9% 104.3 97.2
3.555 114.2 | 95.0% 1.1% 2.6% 1.4% 103.5 98.5
0.000 0.0 97.5% 0.2% 1.9% 0.5% 102.8 95.4
3.501 112.5 | 92.9% 2.4% 2.3% 1.3% 97.5
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0.000 00 | 92.7% 3.6% 2.0% 1.7% 102.7 97.2
3502 | 112.6 | 93.2% 2.5% 2.4% 2.0% 102.8 97.1
0.000 0.0 | 93.8% 2.4% 2.1% 1.7% 101.8 96.6
0.000 0.0 | 90.6% 5.8% 2.1% 1.6% 103.6 96.7
3503 | 112.3 | 90.8% 5.0% 2.5% 1.7% 102.3 95.3
0.000 00 | 87.7% 8.2% 2.2% 2.0% 104.0 95.3
3550 | 114.1 | 88.2% 7.5% 2.3% 2.0% 104.3 95.7
0.000 0.0 | 89.7% 6.1% 2.2% 2.0% 104.8 96.5
3.553 | 114.1 | 90.2% 5.6% 2.2% 2.1% 102.9 96.9
0.000 0.0 | 91.5% 5.5% 2.4% 0.7% 104.5 97.0
3.549 | 114.0 | 94.5% 2.2% 2.4% 0.9% 103.5 95.8
3558 | 114.4 | 91.7% 4.7% 2.3% 1.3% 104.7 97.2
0.000 0.0 | 93.6% 3.1% 2.4% 0.9% 103.7 96.9
3502 | 1125 | 92.5% 4.4% 2.3% 0.9% 103.0 96.4
0.000 0.0 | 91.4% 5.5% 2.3% 0.9% 102.4 96.5
bodegogoe 92.3% 4.2% 2.2% 1.2% 103.74 | 96.34

2.4.17 LS§sMIMM 9Ju39MH0Ag6EHO Ne18
Bofo®dmm 9dl3gmodgb@o sofym dqdgao Boggom: sermdobol fys®mdo -

5enmgbool s dmdubo@ol 9/1 3OHM3MmME09d0L boMg30, gudsbmemo M30bol bsdfz0
100%, ©@9EMBWOLHYsOML 306035, LobmOOl 306d3s bosGolbbom  ©Iygadowo
3560053000 109.3-116.6 3069300 Box @™ol 3098303096¢0m (LSF) boagom bsbdoto -
LogMmMsdmGHoLm 100%.

3b®ogo 30. gdudgmodgb@o Ne18

®30b0L | semdob

Lobbmmol bbbfbm@ ©9Mz3obf; m?jon Q)(t)jl) Qm(i? < 3wobgzg

306dJ30L Lafymdo goMml 3060935 ol mdbogo 6o
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CaO/SiO2 | LSF % % % % LSF LSF
3.458 111.1 | 90.1% 6.4% 2.0% 1.6% 102.2 97.1
3.430 0.0 | 95.0% 1.3% 2.0% 1.8% 100.2 97.9
0.000 0.0 | 93.8% 2.6% 1.9% 1.7% 102.0 96.8
0.000 0.0 | 93.7% 2.0% 2.3% 2.0% 101.0 96.7
0.000 0.0 | 89.0% 6.4% 1.9% 0.7% 99.5 95.1
3.433 110.4 | 89.8% 5.2% 2.5% 2.5% 100.1 95.5
3.398 109.3 | 86.6% 7.3% 2.4% 3.7% 95.7
0.000 0.0 | 88.3% 6.5% 2.7% 2.6% 99.2 95.3
0.000 0.0 | 88.0% 7.3% 2.0% 2.8% 103.4 95.1
0.000 0.0 | 86.4% 8.9% 2.2% 2.5% 103.6 94.7
3.457 111.2 | 85.6% 10.0% 2.2% 2.3% 104.0 95.1
3.494 112.3 | 85.8% 9.8% 2.3% 2.0% 104.3 95.1
3.500 112.2 | 85.7% 10.1% 2.4% 1.8% 104.3 95.8
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3586 | 114.8 | 87.2% 8.9% 2.3% 1.6% 104.5 96.3
0.000 0.0 | 88.6% 7.8% 2.4% 1.2% 105.0 97.0
3.608 | 115.8 | 90.0% 6.4% 2.4% 1.2% 105.1 97.2
0.000 0.0 | 90.8% 5.6% 2.6% 1.0% 104.6 96.3
3.636 | 116.6 | 89.2% 7.4% 2.6% 0.9% 103.8 96.6
3.634 |116.3 | 91.2% 5.3% 2.4% 1.0% 103.9 96.8
0.000 00 | 91.9% 4.5% 2.4% 1.1% 104.4 96.4
bodegogoe 89.3% 6.5% 2.3% 1.8% | 102.89 | 96.11

Bofo®dmm 9dl3gemodgb@o sofym dqdgao Bogzom: sermdobol fys®mdo -
seomdbool s dmdboGol  9/1  3Gm3memEogdol  bstg3o,
6sdf30/3930 4/1,

2.4.18 Lsfo®m3mem 9dudgModgbdo Ne19

QIQOBOLEYSOML - 306I3s,
©5393doo  3sMosgoom 113.8-117.3 306d30L Boxwmdol 3mgz03096GH0m (LSF)

LollbmMob  306d3s  bosGolbboom

begwem BsHJo6o - Jo@rmao/ BogHmsdmeMolem 1/3 3Gm3mGmE00m.

gb®ogo 31. gJs39m0dgb@o Ne19

9B3sbmeo  H3060L

LalbmGol babbo® | @oeegeob i)fj?)ig ‘3@(?1)606 QB 3wobgzg
3069300L Lafgmdo ob bysOmb oL cmdboo ob 6o
300335 300339 GG | b Bt 33005
Ca0O/SiO2 | LSF % % % % LSF LSF

3.645 117.0 | 88.8% 8.1% 2.6% 0.5% 104.9 96.6
3.655 117.2 | 93.0% 4.0% 2.4% 0.7% 105.8 95.4
0.000 0.0 94.7% 2.2% 2.8% 0.3% 106.4 95.5
3.649 117.3 | 93.0% 4.4% 2.6% 0.1% 105.4 96.4
0.000 0.0 94.7% 2.3% 2.8% 0.2% 105.8 95.9
3.654 117.3 | 93.2% 3.7% 2.4% 0.7% 105.8 95.3
3.656 117.2 | 85.5% 11.1% 2.6% 0.8% 105.8 95.7
0.000 0.0 87.6% 8.1% 2.5% 1.8% 106.4 96.2
3.656 117.3 | 93.1% 3.6% 2.4% 0.9% 107.8 95.7
3.653 117.0 | 90.0% 6.7% 2.5% 0.9% 106.2 96.3
3.647 117.2 | 90.3% 6.9% 2.4% 0.4% 105.0 96.4
0.000 0.0 94.2% 2.6% 2.4% 0.8% 106.8 95.6
3.653 117.2 | 91.5% 5.3% 2.4% 0.8% 106.2 95.8
0.000 0.0 92.2% 4.6% 2.5% 0.8% 105.6 96.4
3.634 116.3 | 86.8% 9.5% 2.6% 1.1% 107.5 95.3
0.000 0.0 92.4% 5.1% 2.3% 0.2% 104.8 96.5
3.654 116.6 | 85.7% 11.8% 2.4% 0.1% 106.5 96.1
3.656 0.0 91.4% 6.0% 2.7% 0.0% 106.2 96.6
0.000 0.0 89.4% 7.9% 2.6% 0.2% 108.2 97.0
3.585 114.7 | 92.8% 4.7% 2.4% 0.1% 105.7 95.8
3.554 114.0 | 91.0% 6.0% 2.6% 0.3% 107.3 96.1
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3.552 113.8 | 88.3% 8.6% 2.4% 0.7% 105.4 95.9
0.000 0.0 | 90.1% 7.2% 2.6% 0.2% 105.1 95.8
(RPN 90.9% 6.1% 2.5% 0.5% | 106.11 96.01

LofomBdmm 9du396H0dgbEo @sofym 99990 botmgzo0m: semdobol fysermdo -
senmgbool s  dmdboGol  9/1  3MM3MME30900L  Batggo,
LollbmMol  306d3s  baGobboom

65030/3930 4/1,

2.4.19 bsfaedme gdldg®odgb@o Ne20

©IOMBOLHYSOHML 3060939,
9393300 35M0s3000m 112.6-117.5 306dJ30L Bosxmdol 3mgnozogb@oo (LSF)

bemgoem 65HAo6M0 - JoOrmeo/ Boghmsdmemoliem 2/3 3Gm3mGmEo0m.

3b®ogo 32. gdu3gmodgb@o Ne20

L3560 H3060L

Lolbm 63060l | seydob
LalbmGols oL | @gomgzwobly | mdboo ol Qﬂ(?l?@ 3wob3g
306J30L Lofymdo | 3otdg |  sBmb JoMdgzs ol mdbogo 33005 6o
S 0956 | U fgoorm
CaO/SiO2 | LSF % % % % LSF LSF

3.552 113.8 | 90.8% 6.0% 2.8% 0.4% 105.5 95.8
3.537 113.2 | 85.6% 11.4% 2.7% 0.4% 104.9 96.8
3.513 112.6 | 90.1% 7.2% 2.6% 0.0% 104.9 96.2
0.000 0.0 | 91.9% 5.3% 2.6% 0.3% 105.1 97.5
3.604 115.6 | 96.9% 9.9% 2.7% 0.5% 105.4 97.4
0.000 0.0 | 89.8% 6.8% 2.6% 0.8% 104.6 96.4
3.598 115.3 | 85.5% 10.2% 2.7% 1.7% 105.6 96.1
3.637 116.4 | 89.4% 7.4% 2.7% 0.5% 105.5 96.2
0.000 0.0 | 93.1% 3.9% 2.6% 0.4% 105.2 96.7
3.624 116.0 | 90.7% 6.3% 2.6% 0.4% 106.0 97.1
0.000 0.0 | 94.1% 2.8% 2.8% 0.3% 105.6 96.8
0.000 0.0 | 90.7% 6.5% 2.6% 0.2% 104.9 96.4
0.000 0.0 | 92.1% 5.1% 2.7% 0.2% 104.3 96.9
3.655 116.5 | 94.1% 3.1% 2.7% 0.2% 105.3 97.2
0.000 0.0 | 85.2% 12.1% 2.4% 0.2% 104.7 96.6
3.639 116.4 | 94.2% 2.8% 2.6% 0.5% 104.9 96.3
3.651 116.8 | 90.8% 6.3% 2.5% 0.4% 104.7 97.1
3.643 116.8 | 92.4% 4.4% 2.5% 0.8% 104.7 96.8
0.000 0.0 | 92.0% 4.8% 2.3% 0.9% 103.9 96.5
3.657 117.1 | 91.8% 4.5% 2.6% 1.1% 105.1 96.0
3.669 117.5 | 86.6% 9.0% 2.4% 2.0% 105.0 96.4
0.000 0.0 | 88.4% 7.7% 2.5% 1.4% 104.2 95.6

bBYdE™ 90.7% 6.5% 2.6% 0.6% 104.99 96.57
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x‘:‘s '(‘t;:ﬁ::’zfom ?::m Clinker “‘Brll:.si. :Irl:: Pozzolana Fly ash ::l‘l’:: Limestone
slag natural | natural [siliceous | calca-
calcined reous
K s D* P Q v w T L w

CEMI Portland cement CEMI 95-100 - - - - - - - - - 0-5

Portiand-slag CEMI/A-S | 80-94 6-20 - - - - - - - - 0-5

cement CEMIB-S [6579 | 2135 | - - - - - - - - 0-5

Portland-silica fume | CEM II/A-D | 90-94 - 6-10 - - - - - - - 0-5

cement

CEMII/A-P | 80-94 - - 620 | - - - - - - 0-5

Portland-pozzolana | CEM IB-P | 65-79 - - |23 - - - - - - 0-5

cement CEMII/A-Q | 80-94 - - - 6-20 - - - - - 0-5

CEMIIB-Q | 6579 - - - |21:35 | - - - - - 0-5

CEM Il/A-V | 80-94 - - - - | 620 - - e - 0-5
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CEMIIBW | 65-79 - - - - - |2135| - - - 0-5

Portland-bumt shale [ CEM IVA-T | 80-94 - = = N - - | &2 - < 05
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CEMI/A-L | 80-94 - - - - - - - 620 | - 0-5
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cement CEM I/A-LL | 80-94 - - - - - - - - 6-20 0-5

CEM II/B-LL | 65-79 - - - - - - - - |2135]| o5

Portiand-composite | CEM I/A-M | 80-94 6-20 > 0-5

cement - CEMIIB-M | 6579 21-35 > 05

CEM II/A 3564 | 36-65 - - - - - - - - 0-5

CEM Il | Blastfurmace CEM B 20-34 66-80 - - - - - - - - 0-5

cement CEM lIIC 5-19 81-95 - - - - - - - - 0-5

PRI CEMIV/A | 65-89 - 11-35 > - - - 0-5

CEMIV | cement * CEMIV/B | 45-64 L 36.55 W = i = 0-5

Composite CEM V/A 40-64 | 1830 - tsen AR s F = = = 05

CEMV | cement* CEMVB | 2038 | 3150 | - | c——3180———s | - = = = 05
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4 4236 100 155 28 41.5 498 | 92.21
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4.8 4183 110 170 27.9 41.8 499 | 88.57
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4.8 4275 90 145 244 38 47.4 | 93.27
5 4252 90 145 24 38.2 46.5 | 92.53
4 4291 90 150 24.1 38.6 47.2 | 94.45
4 4252 100 155 24.4 38.9 479 | 94.21

42 4211 90 145 25 39.3 48.2 | 90.41

45 4183 90 150 25.2 40.1 48 | 93.23
4 4128 90 145 27 41.7 49.5 | 93.59

5.2 4107 95 145 26.9 40.8 49.2 | 93.91
5 4149 90 145 26.9 41.2 49.7 | 94.75
4 4188 100 160 27.9 419 50.5 | 88.48
4 4227 105 160 27 41.7 49.9 | 94.80

3.5 4275 100 155 26.8 40.7 49.1 | 88.28
4 4233 100 150 28.1 419 51| 92.55
4 4253 100 160 26.8 40.3 49 | 89.85
4 4272 100 160 27 419 49.5 | 94.07

4.3 4216 100 155 26.9 415 49.8 | 94.18

45 4202 95 155 27 419 50 | 90.20

4.8 4183 100 155 26.9 413 49.2 | 94.32

45 4248 105 160 27 42 50.5 | 94.37
5 4175 100 155 27.3 42.2 51| 90.27
5 4218 100 160 27.1 42 50.8 | 94.08

4.8 4280 95 155 26.9 41.7 50.2 | 93.24
4 4315 100 160 27.1 419 515 | 89.84
5 4216 100 160 27 417 50.5 | 86.61
5 4257 105 160 27 42.1 51 | 91.60
5 4288 100 155 26.9 41.2 50.3 | 93.88
4 4353 95 155 26.8 415 50.2 | 93.51

49 4316 90 150 27.2 419 51.1 | 92.74
5 4292 90 150 26.1 40.8 50 | 91.85
4 4355 90 150 26.8 415 50.8 | 91.29
5 4310 95 155 27.8 419 51.2 | 92.74
5 4329 95 150 26.8 41.2 495 | 92.88
5 4350 90 145 26 40.8 49.1 | 93.35

49 4375 100 160 26.2 41.1 49 | 88.58
8 4135 100 150 23.1 37.9 46 | 92.47
8 4182 95 150 24.1 39.7 48.1 | 92.24
7 4263 95 150 25 40.5 485 | 92.60

55 4348 100 160 27.1 42 50.9 | 92.41
4 4225 100 155 26.5 41.8 49.7 | 91.48

55 4168 100 160 26.7 415 493 | 91.74
4 4187 105 160 28.5 42.6 52 | 78.79
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