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N A. D. Buck under the direction of Mr. J. M. Scanlon, Chief, CTD, and Mr.

" Bryant Mather, Chief, SL. Mr. Buck was Project Leader in the CTD; Mr.

E}: R. E. Reinhold performed the physical testing of the cements and assisted

- overall.
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L Commander and Director of WES during the conduct of this study and

?* the preparation of this report was COL Robert C. Lee, CE; Mr. Fred R.
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s Brown was Technical Director. During publication of this report, COL

f? Allen F. Grum, USA, was Director of WES; Dr. Robert W. Whalin was Technical
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CHARACTERIZATION OF FOUR CLASS H HIGH
SULFATE-RESISTANT PORTLAND CEMENTS

Background

1. As part of materials selection and evaluation in 1981 for this project,
the producers of Class H sulfate-resistant oil-well cements were contacted.
. The intent was to obtain and test samples to show that it would or would
not be feasible to use other sources than the one that had been used to
that point.

2. There had been a general evolving consensus about the type of cement to
use before that time as follows:

a. Expansive cementitious systems would be required for all or much
of the sealing work. However, since expansive cements are essentially low-
volume production specialty items without assured production from year to
year, they would not be used. Instead, expansion would be obtained by ad-
dition of excess calcium sulfate to Type I portland cement. (This is es-
sentially Class S expansive cement of ASTM C 845.)

b. Since some of the sealing for a salt repository would be in over-
lying anhydrite (CaSOA) rock strata, this raised the possibility of sulfate
" attack on the hydraulic cementitious system. Therefore, a low C3A* cement
was needed to minimize any sulfate attack.

c. This meant that a Type V cement (which must not have over 5 percent
C3A) or a lower C3A highly sulfate-resistant (HSR) Class H oil-well cement
would be needed. ~The American Society for Testing and Materials (ASTM) ce-
ment specifications C 150 and the American Petroleum Institute (API) speci-
fications for well cements (API Spec 10) are generally similar; however,
there are some differences. The choice to use HSR Class H cement was made
because the well-cementing industry expected to do the actual sealing work
would be more familiar with API terminology, the HSR Class H specification
has a maximum of 3 percent C3A while an ASTM Type V can contain up to 5 per-
cent Cj3A, and finally a coarser ground cement would be preferable to inhibit
hydration and set over the long working and pumping times likely to be
needed for placement deep underground. The Type V cement has a minimum
| fineness requirement while the Class H cement does not have such a require-
! ment and tends to be coarser than a Type V. .
3. Finally, since the Concrete Technology Division is equipped to do cement
testing by ASTM procedures and not by API procedures, it was decided that
this testing would be by ASTM procedures. This was also preferable since
they are widely used concensus standards rather than a limited usage single
industry standard as with those of API.

* Usual cement notation; C = Ca0, A 5~K1203.
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Samples

4. During March 1981, samples of cements intended to be HSR Class H oil-
well cements were received from four producers and assigned Structures
Laboratory (SL) serial numbers; they are identified below:

SL Serial No. Amount Producer

RC-868 Two bags (94-1b each) Lone Star Industries,
Sweetwater, Texas,
Maryneal Plant

RC-869 Two 5-gal cans Southwestern Portland
Cement Co., Amarillo,
Texas

RC-870 One cardboard drum Monarch Cement Co.,

(~200 1b) Humboldt, Kansas

RC-871 Two 5-gal cans General Portland Ce~
ment Co., Ft. Worth,
Texas

Test procedure

5. The four cements purporting to be HSR Class H oil-well cements were
tested in accordance with ASTM C 150, '"Standard Specification for Portland
Cement." 1In addition, analysis for Al1,03, Fey03, Mny0,, TiO,p, P205, Sro,
and BaO was made by atomic absorption spectrometry (AA?. The major reason
for doing this extra chemical work for each cement was to obtain better data
for calculation of C3A content since this is a low and critical value for
these cements.

6. An as-received portion of each cement was examined by X-ray diffraction
(XRD) to determine the phase composition. This examination was made in a
sealed static nitrogen environment to minimize changes due to unintended
hydration from exposure to moist air.

Results

7. The test reports (WES-85-81, WES-84-81, WES-88-81, WES-101-81) of the

chemical and physical data that were obtained by ASTM C 150 testing are

shown as Tables 1 through 4 for cements RC-868, 869, 870, and 871, respec-

tively. It is important to realize that the type of testing that was domne

cannot show that the cements met the API specification requirements they

were intended to meet. However, examination of the data does not indicate |
or suggest that they would not be HSR Class H oil-well cements. Calculated

o

i C3A contents ranged from 1 to 3 percept, air permeability fineness ranged

:f from 2220 to 2730 cmz/g (222 to 273 mz/kg), and the other chemical and

:} physical data were similar for all four cements. [
N

8. Several earlier shipments of the same HSR Class H cement from the
Maryneal Plant were received, tested, and used in other or in related work.
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Data for RC-853 are shown in Table 1 of Reference 1. Data for RC-853(2)
are shown on pages 31, 39, and 48 through 50 in Reference 2. The data for
repetitive shipments have been similar enough to indicate no more than nor- ,
mal variation within different lots of a single material.

9. XRD showed the four cements to be similar. All were high alite and low
belite, the aluminoferrite was always CeAFo, and C3A was not detected (RC-868)
or was possibly present at a low level in the other three cements. The small
amounts of calcium sulfate added to regulate time of setting of the cements
were present as gypsum (CaS0O,°2H50) in cements RC-869, 870, and 871; it was
probably present in RC-868 as anhydrite (CaSO,) or calcium sulfate hemihydrate
(CaSO4 1/2H90) which are more difficult to detect because of interference with ‘
cement XRD peaks. Small amounts of free lime (Ca0) or periclase (MgO) were
sometimes possibly present. However, autoclave tests did not show excessive
expansion (Tables l through 4). The small differences in amounts of minor
compounds that were found in the four cements by XRD would not be expected to
have a significant impact on their performance.

Discussion
10. Comparative examination of four cements by conventional ASTM cement test-
ing procedures showed all to be similar; this was also borne out by XRD.

11. Comparison with previous data for one of the cements showed it had been
essentially the same for several years of production.

12. While the testing was not suited to specification verification of the

four cements as API, HSR Class H oil-well cements, the present and past tests
did indicate consistency of production within one source and enough similarity
between sources to permit substitution of one cement for another without sig-
nificant problems.

Conclusion
13. The present testing and examination of four cements intended to be HSR

Class H oil-well cements indicate that different sources of this material
can be used if this becomes desirable.
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Table 1

YO FROM. CORPS OF ENGINEERS
Seructures Laboratory U s ARMY -
WES REPORT OF TESTS OF Structures Laborat?ry
ATTN: Mrs. K. Mather PORTLAND CEMENT Waterwzys Exp Station

ATTN: Cem & Pozz Group

P. 0. Box 631

RC-868 Vicksburg, >3as 39180
Test mceon wo YEG-85-8] [ emwo J cwr mereesenteo Joare 1 April 81
seecieication- Class H 0il Well ] DATE SAMPLED:
comeawv: Lone Star _- [cocamon Maryneal, TX [ eranc
THIS CEMENT DOES MEET SPECIFICATION REQUIREMENTS
sammLE vo. WET * AA |PLASMA]  COLOR-
s0, % 22.44 EMISSIQN METRIC
A1,04. % 3.76% Al,,O,‘ 3.60
Fe0y % 3.91 =7
M0, % 2.57 Fe. 0. 13.91
50, % 2.05 Ll
LOSS ON IGNITION, % 0.51
ALKALIES- TOTAL AS No O, % 0.52
NeyO. % 0.15
©,0. % 0.56
INSOLUBLE RESIDUE, % 0.14 TiO, 0.17
CoO. % 63-66
€51 52 P.O_ 0.05
CyA 3 A
C,5 % 25 anga 0.02
C,A + C,S_ -~ L
C AR 12 Sr0 0.06
CuAF - 2CyA 9 BaO 0.03
Total ** 99.80
HEAT OF HYDRATION, 2BD0. CAL G
SURFACE AREA, SQ CM G (AP} 2’))0
AR CONTENT, = 9.0
ComP STRENGTH, 3 0. P4 16 10
COMP. STRENGTH. ] D, Psi 1970
come sraencTH 28 0. e 2940 a
Density 3.22 Mg/m” |
SAMPLE NO.
AUTQCLAVE EXP., % O .00
INITIAL SET, MR MIN 4:35
FinAL SET. HRMIN 7:05
SAMPLE NO
ALJTOILAVE EXP. %
INITIRL SET, =R MIN T
FinAL SET, HR/MIN
[ *A1203 = R203 - (Fe203 + TiO2 + PZOE)
**Total does not include Mn,O Sr0, Ba0

273

THE INFORMATION GIVEN 1N THIS REPORT SHALL NOT BF USED 1N ADVERTISING OR SALES PROMOT(ON TO (INDICATE EITHER EXPLICITLY
GO MBLICITL Y ENGORSEMENT OF THI$ FROLUCT BY THE U S GOVERNMENT

//'./::7f7 -1;," u.(,;(,!x—»

. G. MILLER

Chemist

Chief, Cement & Pozzolan Group
TaadyT scmn




.j::. Table 2
L2, Y0: FROM: COAPS OF ENGINZERS
) ‘S8t¥uctures Laboratory U 8. ARy
\ WES REPORT OF TESTS OF Structures Laboratory
v ATTN: K. Mather PORTLAND CEMENT Waterways Exp Station
N ATIN: Cem & Pozz Group
. _ P.0. Box 631
o RC-869 Vicksburg, MS 39180
._ﬁ vest meront no. WES-84-8] aIN-NO, l CWT REPRESENTED: Jﬂve 1 April 81
-\" smecimication: Class H 0il Well J OATE SAMPLED:
‘,~:~ cowrany: Southwestern ] cocanon  Amarille, TX L amao.
i <" THIS CEMENT DOES MEET SPECIFICATION REQUIREMENTS
- sAnmLE wo, WET AA__PLASMA | COLOR{
5.0, % ! 23.50 MISSION METRI
- o 2,85k
-, Ko 0, % 3.01 Al O 2.79
"o, % 1.43 ¢ 3
| :.._ s0,. % 2,45 Fe,0, 13.08 -
-, LOSS ON IGNITION, % 1.16 <
| :'_ ALKALIES-TOTAL AS Ne,0, % 0.23
- Ne,O. % 0.16
on 0.10
. INSOLUBLE RESIDUE, % 0.14 Ti0, 0.15
. ;‘. ceo. % 64.83 <
..? Cy5. % 55 P_O_ 0.16
< .- [SNEY 2 s J
:". €8 % 26 Mn.O 0.02
= CyA+CyS % s
_"-, CAF. % 9 Sro 0.07
CAF+2C,A % 14 BaO 0.15
- Total ** 9°.79
N ,"_" HEAT OF MYORATION, 28D, CAL’G
-, SURFACE AREA. SQ CM. G (A.P) 2670
-:_ AIR CONTENT, % 7.2
_': COMP. STRENGTH, 3 O, P51 1520 3
Xl _..' COMP. STRENGTH, 7 D, @51 2100 .
. COMP. STRENGTH, 98 O, PsI 189Q |
| Density 3.16 Mgmj
- SAMPLE NO.
.:_‘ AUTOCLAVE EXP,, % -0.02
i -(‘. INITIAL SET, HR/MIN 4:00
b ,‘::' FINAL SET, HR/MIN 7:00
:‘ \' SAMPLE NO.
1:) AUTOCLAVE EXP., %
b INITIAL SET, HA/MIN l
} FINAL S!Y,*u./“lk o , 4L
.J:s neuAnxs;* Alz 3 = R203 - (Fe203 + T102 + PZOS)
Y Total does not include Mn203, Sr0, BaO
s
)
.:J
..-ﬁ
LY
‘o ‘ THE INFORMATION GIVEN (N THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY
. .'f' OR MPLICITLY ENOORSEMENT OF THIS PRODUCT BY THE U. 5. GOVERNMENT,
e 7 T
3 N7, 73\9[ (<~
13.',- W. G. MILLER
-7 Chemist
£ Chief, Cement & Pozzolan Group
““"j €na Fom o R
VAR 77 -
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::q‘n. Table 3
Ni‘_ v0: FROM CORPS OF ENGINEERS
- - L S ASMy
N Structures Laboratory Structures Laboratory
- ATTN-.K. Mather REPORT OF TESYS OF Waterways Experiment Statién
PORTLAND CEMENT ATTN: Cem & Pozz Group
-_',: P.0. Box 631
- RC-870 Vicksburg, MS 39180
--". TEST REPORT NO. WES-88-81 lam-no ] CWT REPRESENTED I oave 3 April 81
_';- seecirication. Clags H 0il Well [nug SAMPLED
L comeany: Monarch Cem Co. ] cocavion  Humboldt, KS ] BRAND:
S THIS CEMENT DOES MEET SPECIFICATION REQUIREMENTS
SAMPLE NO. WET AA PLASMA COLQR
-~ $10,. % 22.16 EMISSIQN METRIC
)y T s 3.35% AL O, | 3.24
.\ ‘-IO’,‘I. 4.27 s 9 f e
.'{: Yoo, % 7.25 N:zu3 L XY )
) s0,. % 2.29
\"1 LOSS ON IGNITION, 3 1.17
np" ALKALIES- TOTAL AS Ns,0. 3 0.55
Ne .0, 1 0.25
on 0.46 Tio, | 0.18
w 3 INSOLUBLE RESIDUE, % 0.13 o n‘ A _na
&2 p— 63.83 *2°s i
~--.‘ C’S, * 56 v £) OH—3 4
‘:. R /] rulzu3 UL
i~ o v 21 Sz0 0.18
<. CyA ¢ €y % Ban ] 0.01 !
A C A, = 13 l i
y CLAF +2C A % 16 | !
TOTAL **1100.29 ;
_:-‘ MEAT OF HYDRATION, 28D, CAL'G T T
- SURFACE AREA, SQ CM/G (A P) 2730 i i
- ~ AIR CONTENT, % 8_6 | '
S COMP. STRENGTH, 3 O, Psi 163 ! !
. COMP. STRENGTH. 7 0. PSI 2120 : 1
ComP. STRENGTH.28 0. =51 3090 { |
Density 3.20 {Mg/m> |
- SAMPLE NO.
= AUTOCLAVE EXP., % 0.04
& INITIAL SET, HR/MIN 3:00 !
. " FINAL SET, HR/MIN 4:135 I
..'-* SAMPLE NO. I _—
. AUTOCLAVE EXP., % .
INITIAL SET. WR/MIN
) FINAL SET, HR/MIN
'}:- acuamcs, ¥AL,)01= R 0, - (Fe 0.+ P,0, + T10,)
k. **Total - an 30 Sn0 & BaO not included.
oY
-

THE INFORMATION GIVEN IN TriS REPORT SNALL NOT HE USED IN ATVERTISING OR SALES PROMOTION TO (NCICATE EITHER EXPLICITLY
OR MPLICITLY ENDORSEMLNT OF THI1S PRODUCT 87 THE U 5 LOvEANMENT
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s, Table 4
) vo: FROM: CORPS OF ENGINEENS
N ARwy
ki Structures Laboratory Structures Laboratory
- WES REPORT OF TESTS OF Waterways Exp Station
ATTN: K. Mather PORTLAND CEMENT ATTN: Cem & Pozz Group
b ) RC-871 P.0O. Box 631
- Vicksburg, MS 39180
. TEST REPORT MO WES-lol‘Blim""“’ I CWT REPRESENTED. I oave. 1 April 81
- seecwicarion: Class H 0il Well l OATE SAMPLED:
A comeanv- General Portland [ cocaron Ft . Worth, IX LLomanc.
.: THIS CEMENY DOES MEET SPECIFICATION REQUIREMENTS
SAMPLE NO. WET AA PLASMA COLOR~
5.0, % 20.60 EMISSIQN »
. AlyOy % 4,37% Al,.O. 4.36
("o Fegly ® 6.37 il
« Mio. % 1.43 Fe O 6.50
. w0, 1 1.66 -
8 LOSS ON IGNITION, % 1.02
t o ALKALIES- TOTAL AS Ne O, % 0.29
’ Neg0. % 0.33
o 0.29
3 INSOLUBLE RESIDUE. 0.15 Tio, 0.17
2 o s 63.35 o
‘Y s 58 25 0.16
- S34. 3 1 Mn, 0, | 0.14
2 c 8% 15 7
- CyA e C o5 % Sr0 0.12
CLAF, = 19 BaO 0.02
C‘A“IC“,I 21
. Total ** 99.66
b HEAT OF HYDRATION, 280, CAL G
‘:. SURFACE AREA. SQ CM G (AP ) 2320
.~ AIR CONTENT, % 9.9
' COMP. STRENGTH, 3 D, PSI 1060
. COMP. STRENGTH, ] ©.PSI 1720
comp. sTRENGTH.28 D. PsI 2130 ”
] Density 3.17 [Mg/m”
l* SAMPLE NO.
N, AUTOCLAVE EXP,, % 0000
>l INITIAL SET, HR/MIN 3:40
:- FINAL SET, RR/MIN 5:15
-‘ SAMPLE NO.
: AUTOCLAVE EXP., %
INITIAL SET, HR/MIN
FINAL SET, HR/MIN
) = =
. REMARF 5. A1203 R203 (F8203 + T102 + onp
- **Total Mn203, Sr0, and BaO not included
N
N
' - THME INFORMATION GIVEN IN THIS REFPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY
OR MPLICITLY ENOORSEMENT OF THIS PRODUCT BY THE U. §. GOVERNMENT,
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\ W. G. MILLER
" Chemist
3 Chief, Cement & Pozzolan Group
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