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Aluminum, Al
Calcium, Ca
Oxygen, O
Sulfer, S
Silicon Si
Ferrite, Fe
Magnesium, Mg
Sodium, Na

Potassium K

ﬂ‘IJEJ'JVIEWI’iWﬂ’m‘ﬁ
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APPENDIX A

MOLECULAR WEIGHT

Molecular weight = 26.9815
Molecular weight = 40.08
Molecular weight = 15.9994
Molecular weight =3 !'|‘ i ,

Molecular weigh '_ Lo}

Molecular-weight =
Molecular weight=="24 .2
Molecula 2l

Molecula

1563
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APPENDIX B

CHEMICAL COMPOSITION OF PORTLAND CEMENT TYPE |
AND MAE MOH FLY ASH

Chemical OPC Type | Mae Moh Fly Ash
Composition | (Red Elephant) | |
NI/
si0, 20.10m .__m_
Fe.0, = GF;‘
Ao, | o3 /////1 TN
Ca0 / / E, N
Mgo
SO,
Na,0
K,0
Free Lime

ﬂﬂﬂ?%ﬂﬂﬁﬂﬂ’ﬂﬁ
ammmmumwmﬁ’a




APPENDIX C

CHEMICAL TEST RESULTS
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Reference pattern: 04-0733 156

Name : Calcium Hydroxide

Name : Portlandite, syn

Formula : Ca(OH)2

Elements : Hy ©; Ca

Groups ¢ OH

Subfiles : Inorganic, Minerals, Common phases, NBS patterns,

Forensics, Educational patterns, Cement phases
Pattern deleted: NO

Radiation : Cu KA

Wavelength : 1.54186
+ —————————
| d value |
+ —————————

COOOCOCOOCOHKRRREHKHERRRERRERRPERERHERBEREDLNDWD
'—l
g
o
)

HEUEIineng

.814 142.557 | ¢

AWTANIWAMING 8 Y
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Reference pattern: 42-0551 157

Name : Calcium Silicate

Formula : Ca3S8i05

Elements s 0, 81, 'Ca

Groups e

Subfiles : Inorganic, Cement phases
Pattern deleted: NO

Radiation : Cu KA
Wavelength : 1.54186

1810 : '

5
5
3
3
3
3
3
3
3
3
2
2
2
.
3
2
2
2
3
2
P
2
2, A1
2.1600 ) m
2.0650 48 .
1
1
1
i
1
A
i
il
1
)
9




Reference pattern: 42-0551 158

tmmmmmmm o tommmmmmm Hmmmmmm - -
| 4 value | Angle |Rel.Int.|
dommmm - o e e dmmmmmm - +

1.6230 56.719 15

1.5390 60.123 20

1.5390 60.123 20

1.5260 60.689 1

=

i

i (9

i

i

1.

0

1.

1.

5 [

1.

e

1.

1.

1.
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Reference pattern: 41-1451 159

Name : Calcium Aluminum Sulfate Hydroxide Hydrate

Name : Ettringite, syn

Formula : CabAl2(S04)3(0H)12!26H20

Elements : H, O; Al, S, Ca

Groups : H20, OH, S04

Subfiles : Inorganic, Minerals, Common phases, Cement phases,

Corrosion products
Pattern deleted: NO

Radiation : Cu KA
Wavelength : 1.54186

5600 35,053 29

6D 2 . ‘J -
W YEINUVEINYINT
.43 .994

.416 37.216

W REE D IMnINea Y

910
« 361
-1510 42.005 13




Reference pattern: 41-1451

dommmmm— o dommm oo Fommm - +
| d value | Angle |Rel.Int.|
e Fo-mmmmm - - Fo-mmmm o - +
2.0580 43.999 3
2.0220 44.825 1
2.0000 45.345 1
1.9710 46.051 2
1.9440 46.728 21
1.9030 47.797 1
1.8700 48.694 1
1.8500 49.255
1.8420 49.484 \
1.8300 49.8304f |
1.8100 50.419 Q55
1.7840 51 o20Ew
1.7840 Y-V
1.7660 5
1.7450
1.7230 .
1.7050 53,
1.6770 gl
1.6620
1.6600
1.6200
1.5980
1.5830
1.5740
1.5600
1.5330
1.5070
1.4940 )
1.4590 A
1.4270 ' “
1.4120 s—rgr— —
1.4120 56
1.3880 57 .48
1.3570 69 .
1.3390 704305 i -
1.3% Al .
LB e enng
1.29 .399
1.2790 34.136 ¢ 2 | a o
FRNAYAT M UANINYIAY
L. 2520 76 '014
112250 78.002 2
1.2250 78.002 g
1.2180 78.536 1
1.1940 80.432 1
1.1750 82.008 1
1.1750 82.008 1
————————— e s g



Reference pattern: 41-1451 161

| d value | Angle |Rel.Int.|
e Fommmmm - fommmmm - +
.1580 83.479
+ 4,320 85.849
-1270 86.323
.1030 88.684
.1030 88.684
88.888
.0840 90.664
.0340 96.418
.0340 96.418 |
.0290 | 97.043"
97.043

HFRNONRRR

PFRRRPRRRRPRRRRR
'—l
o
|—I
o

Sgl-i

FZihy /A I

AULINENTNEINS
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[ 3 v
File: E-247.DI

PC-APD,Diffraction

Sample identification: EA 4#

Data measured at:

Diffractometer type:

Tube anode: Cu

Generator tension [kV]: 45

Generator current [mA]: 35
Wavelength Alphal []: 1.54060
Wavelength Alpha2 []: 1.54439
Intensity ratio (alpha2/alphal): 0.500
Divergence slit: 1%

Receiving slit:
Monochromator use

Start ang

End angle..l
Step siz
Maximu '
Time pe

Peak positions dg 1 Q
Maximum pea yof
Peak basg
Minimum s#Gnifi :
Number ©f fpeaks

20-Nov-2001

Angle d-value _d-value

[¥20] A1 [1 A2 ]
13.585 6.5128 6.5289 T=
15.090 5.8665 5.8809 A
16.045 5.5194 5.5330 Iﬂ 5 _
18.110 4.8944 4.9065 10.160 502 '
19.000 4.6671 4.6786 .120 9
20.550 4.3185 4,32 é? ~
21.960 4.0443 4.0 u ; 6%8”55 ﬂ
23.700 3.7512  3.7604 .9 2%9
25.600 3.4769  3.48 0.160 50
26.985 3.3015 3.3096 0.0 | _
27.445  3.2472 %ﬁ%aq : gm uﬁﬁqv
27.860 3.1998 74 € ) ¢ N Fho
28.295 3.1516 ‘8.1593 0.160 64
29.190 3.0569 3.0644 0.160 45
30.115  2.9651 2.9724 0.200 576
30.720 2.9081  2.9152 0.200 188
31.430 2.8440 2.8510 0.320 69
32.350 2.7652 2.7720 0.200 14
33.415 2.6794 2.6860 0.120 320
33.775  2.6517 2.6582 0.160 655
34.450 2.6013 2.6077 0.200 21
35.130 2.5525 2.5587 0.120 98

- software

8:12:00

PW3710 BASED

7+ Min 2nd derivative of peak
Minimum pea i wifith:u 0.00 N

int Rel. int Signif.
s] [%]

1l 1.01

38 U5 l.51
36 1.4 1.18
32 17 <9 6.25
a1 5.0 3.30
~ 2.2 0.86
f]ggi 2.0 1.21
2 100.0 14.41
25 1.8 1.31
o 2 A 239
PEAR R s 1
24 © 4.2 2,07
24 Lad 1.43
24 1.6 .98
24 20.6 789
24 6.7 % .81
24 2.5 2.14
24 .S 0.77
24 i1.4 1.54
24 23.4 7.24
24 0.8 B .91
24 38 1.55



Philps Analytical X-Ray B.V. PC-APD,Diffraction software
Angle d-value d-value Peak width Peak int Back. int Rel., int 8Signif.
(%201 A1 []1 A2 ] [%20] [counts] [counts] [%]

35.415 2.5326 2.5388 0.080 166 24 519 1.85
35.770 2.5082 2.5144 0.160 372 24 13.3 3.94
36.580 2.4545 2.4606 0.320 207 24 7.4 10.25
317 . 165 2.4172 2.4232 0.120 130 24 4.6 0.89
37.445 2.3998 2.4057 0.120 169 24 6.0 1.06
37.770 2.3799 2.3857 0.120 49 24 1.8 1. 72
38.665 2:3268 2.3326 0,120 62 23 2:2 2.11
39,125 2.3005 2.3062 0.160 12 23 2.6 1.53
39.385 2.2859 2.2916 Q. 23 1.7 0.94
39.790 2.2636 22692 0. 23 2.6 1.86
41.195 2.1896 2.1950 0 23 6.9 1.793
41.610 2.1687 2 =1 740 23 18.3 2,03
42 .375 2:1313 2.1366 23 3. 4.56
42.920 2.1055 22107 23 2.6 o L
43.340 2.0861 2.0912 23 3.0 0.94
44 .480 2.0352 2.0402 23 1.3 1. 01
44 .810 20210 2.0260 23 2.5 3:02
45.700 1.9837 1.9886 2.3 1.3 0.97
46.290 1.9598 1.9646 23 1.8 0.83
46.675 1.9445 1.9493 23 iz o | 1,.37
47.205 1.9239 1.9286 23 3.0 1.66
48.490 1.8759 1.8805 23 0.9 1.02
49.070 1..8550 1.8596 23 1.7 0.87
50.535 1.8046 1.8091 23 2.6 2.76
51 .005 1.. 7891 17935 23 1.2 1.07
52 .550 1.7401 1.7444 23 2.7 1,96
54.040 1.6956 1.6997 23 0.6 0.89
54 .530 1.6815 1.6856 2.3 2.1 1.90
55 ..230 1.6618 1.6659 . 23 3.9 4.55
56.615 1.6244 1.6284 " i i =123 8.4 5.70
57.470 1.6023 1.6062 Tw== ———————78% )23 6.4 2.22
58.455 1.5776 1.5815 O, 23 4.9 1.03
59.325 1.5565 1..5603 |O. . 23 1.7 1.14
60.345 1.5326 1.5364 =0.240 86 ' 23 3.1 1.12
60.825 1.5217 1.5254 . 3 23 3.0 1.26
62.100 1.4934 1.49 ; ' 4.6 2.42
63.800 1.4577 1.4 uEE ylﬂﬂ37 ﬂ ﬂé? 2:6 0.87
64 .245 1.4487 1.4 4 2 1.7 1..03
65.280 1.4282 1.431 : 25 A 0.9 091
66.545  1.4041 _1.4( . ~ an . YIEN 2.09
67.035 1..3950 %@aq%%m quqvggaa 1.3 T2l
67.400 1.3883 1 13931 . ' 146 23 5.2 1.31
68.145 1.3749 .3783 6.1290 55 23 2.0 1l.62
69.200 1.3565 1.3599 0.320 38 23 1.4 1.04
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|Sample ident.: Ef 21-Nov-2PAB1 9:26
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} x\I
. Ny

16 RET -
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:5.

9
- ), | —
36 / S \ N
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|Sample identification: PA 1d

6-Dec—2881 9:24

108

[counts ] -
324 -

256

196 -
144 :
188 -

64 -

36 A

1 = Calevum  siliente

/s PCY'\-\MA‘-‘.'Q
3 < Eﬂviv\o)i‘h

E-251.RD /)

9L



|Sample identification: PB 1d

6-Dec—2A81 9:25

4A8
[counts]
324 -

256 -

196 -

{ = Cq\cfuwﬁ gi\idm*t

1« Poytlamdite
4 - EH'&M:’)H{

\]

B T T T T T | — T AL EAENIU F AR B AL

E-252.RD /1>

991



|Sample identification: PB 3d

6-Dec—-2AA1 9:25

488

1

[counts]
324 0

1

256

196 -

144 -

188 -

64 -

36

16 -

4 -

a T T T T T T T T T 9%

1= cﬂldeW1 zih6qtk
1- ?bv‘}'\w/\iﬁ-a
3= E**?{n%§4(

E-254.RD /14

291



|Sample identification: PB 7d

ZA-Dec—-2A81 9:89

324
[counts]
256

196

144

188

64

36

16

E-258.RD />

] 4= CQaloium gilicate
i 1 { ?/ 2. : Povtlamdite
i 1{22:’ g = E+*r€w%i%4
T I 1 I I 1 1 I 1 I g | Y. || I ] | T l-‘ l' I 1 1 I I 1 I 1 I I 1 1 I 1
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|Sample identification: PC-28d

11-Jan—28082 18:24

324

[counts] 4 9 '3
256

1

196 - —

144 -

188 -

64 -

36 -

16 -

L]

tH

n

Calesum &ilicate
cPoY‘HM A"}‘Q
E‘HQ—MT e

A T T T T T T T T (I 1A T A AN & T 1]

E-271.RD /o
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|Sample identification: PH-28d 11-Jan—-26882 18:25

4108

[counts] - 14 2 Portlandite
Cm\c'\'uwx ilivate

[ ‘f}’ leiur Phosohide
‘& ‘l’\"\nox, 3 QP

324

256 1 1

196 -

144 -

188 -

—3

64 -

36 A

-

16 -

E-Z27A.RD /%

01



|sample identification: PJ-3d

11-Jan—-2882 18:26

488

[counts]
324 4

256
196 -

144 -

188 -

4= Coldlum 8;\icanl{

o * ?ovﬂwo(i’\'f
3 - E‘HHWJHL

E-268.RD /b
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|Sample identification: PJ-7d

11-Jan—26882 18:26

324

[counts ] S
256 -

196 4

144 -

188 -

64

36

1= Caleivm i) ente
7 0 = @ayﬂm@‘i“{
1 V/Z/ 4 2 Qa\c)’l'b\w) ?hoslﬁlq;ol-t
— Y L = E+#vhuy¥4

=

E-266.RD /5
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|Sample identification: PJ-28d

11-Jan—2882 18:27

324

[counts] -
256 2

-

196 4 — #

—

144 ~

188 -

64 -

36

16 -
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|Sample identification: PM-28d

11-Jan—-28682 18:25

488

[counts] -
324 4
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16 -
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|Sample identification: PJ-1d

11-Jan—-28682 18:26

324

[counts] 4 9
256 - A

\I/
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196 - —

144 4

188 -

64 -
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16 -

1: Caleium Cilieale
g PovHlandite
2z E-HYMT'}{

B — T T 1T T T T T T iAl TSI et oy o T T

E-267.RD /3
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APPENDIX D

GLOSSARY

absorption - the ability of substance that can absorb other substance or particle into its
particle into its surface

body.
adsorption — in chemistry, the abili »)can absorb other substance or
AI(OH), — Aluminium Hydro B é
Alite — C,S, tricalcium s’:y ‘ "ﬂ"
atomic mass - the qua f Eontair ; _\—, fom. of an element, expressed as
a

a multiple of o atom, 1.9924x10™% g,

which is assigne nas |s scale, 1 atomic mass

atomic weight - ratio of ' ent’s atoms to some
standard. Since 1 mass has been 1/12 the

|sotope is one of two or more

species of atoms of the mical_element that have different atomic

masses). The_atomic gight of ¢ { bon'is 1, the average that reflects the
typical ratio of natural abundance of isotopes. =

: V. y ‘
5 7 7
Belite - C,S, dicalcium silicatem

S cﬂauﬁ@m@ U S Y BN ot e

composm)ns of OPC.

¢ ammnim ﬂJW]'J‘ﬂEﬂﬂEI

Gy = Mayemlte, a highly reactive phase found in cements.

C,S - Belite.

C,A - Tricalcium aluminate, a reactive phase found in cements. C,AH, - HAC hydration
product after conversion from CAH,,, the cause of reduction in physical
performance and dimensional stability in HAC concrete.

C,AF - Brownmillerite, a reactive phase found in cements.
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CA - Mono calcium aluminate, a reactive phase found in cements.

CAH - Calcium aluminate hydrate, Secondary amorphous hydration product of OPC.

CAH,, - Initial structural hydration product of HAC.

C,A; - Ye'elimite.

Calcareous - Material containing CaCO, used in cement manufacture.

CH - Calcium Hydroxide, also used to indicate the early amorphous calcium hydroxide
hydration product of OPC.

e of identical molecules consisting of

\&S; that cannot be decomposed
wcesses Elements are the

posed

Chemical compound - any substance ¢o

atoms of two or more ele
chemical element - also calle
into simpler su
fundamental materia
Clinker - The fused calc

CSA - Calcium sulpho &

expansive cemmt vhich is th aave force. It is comparable
to the natural mineral of the same name. It is a

aturally occurring mineral,
which fi
Expansive Cemﬂ“ nt m\zj wx \WV&L’I’Q gaste that, during

and afte setting and hardening, increases sugf‘ cantly in volur&J

o ) 85 A T T AN 5

Expans:veqcement ype M - a mixture of portland cement, calcium aluminate cement
and calcium sulfate or an interground product made with portland cement
clinker, calcium aluminate clinker and calcium sulfate.

Expansive cement, Type K - a mixture of portland cement compounds, anhydrous
calcium sulfoaluminate (4Ca0.3A1,0,.S0,), calcium sulfate (CaSO,) and lime
(CaO). The anhydrous calcium sulfoaluminate is a component of a separately

burned clinker that is interground with portland clinker or blended with portland
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cement or, alternately, it may be formed simultaneously with the portland
clinker compounds during the burning process.

Expansive cement, Type S - a portland cement containing a large C,A content and
modified by an excess of calcium sulfate above usual amount found in other
portland cements.

Expansive component - the material interground with portland cement clinker to obtain
type K expansive cement clinker to obtain type K expansive cement. It is made

up of the anhydrous -calciu

Ifoaluminate (4Ca0.3A1,0,.S0,), calcium
[ ﬂell as other known portland cement

F
Final set - A stage of retain their un supported

shape. The fi ical means without a large

c
effect on the fin : sharacteristic ;‘\\\‘ mixture.

s\ the clinker.

G
Gel - A stage of hydration at whi Seme ot u es retain their un supported
shape. The gel can be br en-using meeha ical means without a large effect on

the final physical ch sristics of the' -

Grout - A cementitioYS M Iid-RIoR e WiHCh-FASY=ROe Rt e T

i

X ' r fme aggregate.
; D

HAC - Hngh alumina cemefit.&x

it mﬁq 9 mangmw&’] n9

HPC - High perf ance concrete.

. QW?Mﬂ‘iﬂJN‘W\’mmﬂﬂ

Isotope - one of two or more species of atoms of a chemical element with the same
atomic number and position in the periodic table and nearly identical chemical
behavior but with different atomic masses and physical properties. Every

chemical element has one or more isotopes.

Mortar - Mixtures contain cement, sand and water.
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0

OPC - Ordinary Portland cement, named after the visual similarity between the set

material and Portland stone.

Raw meal - Total ground raw materials of cement production prior to calcination.

Retarders - A compound which can delay: V set of a gel or final set, intregingly many

retarders increase the fin ce of the mortar or concrete.

S

-
N

soncret vhich expansion if restrained,

N

\ | magnitude to result in a
significant compression i kete after drying shrinkage has occurred.

Self stressing concrete — an g

induces compressi

Shrinkage compensating génc Xpansive ceme ncrete in which expansion, if
restrained, induce compre SSive S jesses), v approximately offset tensile

stresses in the €oncretel

Stoichiometry - in chemistry, the determination of the »f portions in which elements or
FTE -
compounds react with ope: anoti ﬁ,:- ; es followed in the determination of
stoichiometric relatior.shi - .‘ ed. 1e laws of conservation of mass and
i !

energy and the, s

¢,

T
Thaumasite - Ca, Si (OQ 055~ 24 H,0 (C,S H,,), a naturally occurring

To,,ochem"?:::rmﬁ]ﬁmm%ma Fvergsacen

in whlch%e hydration product is formed on the, surface of the particle.
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Virtual - An unreal, visually solid display.
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