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The purpose of this study was to evaluate the North Korea cement industry and technology status by comparing and
analyzing the cement standards and properties of South and North Korea. In the literature study, data on North Korea’s
cement industry and standards were collected and analyzed through the Ministry of Unification’s North Korea Data Center
and other agency. The facilities, classification, and quality standards of South and North Korea cements were compared. In
an experimental study, a survey on the quality of cement in North Korea was carried out through physical and chemical
analysis experiments by obtaining a small amount of cement from North Korea, and compared with domestic cement. As a
result, North Korea cement was of lower quality than South Korean cements. North Korea cement had lower GS and
higher GS than South Korea cement, especially the residue content was much higher. In addition, North Korea cement had
about 50% of the compressive strength of cement in South Korea because the clinker was not fired at a sufficient
temperature due to the poor performance of the cement facilities in North Korea.
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Table 2. Major Raw Material Sources in North Korea
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Table 4. Classification and Standards of Cement
North Korea South Korea
Standard
Type Class (North Korea) Type Class Standard
Portland Cement 1334-2006 Ordinary Portland Cement
Rapid-setting Portland Cement 10058-1995 | N |
Low-heat Portland Cement 6101-2001 Early-strength Portland Cement
Special Hydrophobic Portland Cement - Portland Low-heat Portland Cement KS L 5201
Portland Sulfate resistant Portland Cement 8604-2001 Cement
Cement Plasticity Portland Cement B Moderate heat Portland Cement
White Portland Cement 7748-1997 Sulf istant Portland C .
Wear Resistant Portland Cement - ulfate resistant: Portiand Cemen
Blended Slag Portland Cement 6191-1990 Blast Furnace Slag Cement KS L 5210
PO‘:EE; . Fly-ash Portland Cement 11536-2007 Blended Fly-ash Cement KS L 5211
Cement Zeolite Cement - Cement Low-heat Blended Cement -
Volcanic ash Portland Cement - Portland Pozzolan Cement KS L 5401
. Alumina Cement 9628-1993 . Rapid-hardening Cement -
Special - Special -
Gypsum Alumina Cement - White Portland Cement KS L 5204
Cement - - Cement .
Expansive Alumina Cement - Alumina Cement KS L 5205
(Source) North Korea: KSA(2006); Encyclopedia Publications(2011), South Korea: KSCS(2018)
Table 5. Comparison of Cement Quality
South Korea North Korea
L 130 170 200 220 270
Division OPC
(MPa) C F C E C F C F C F
(MPa) | (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) (MPa) | (MPa)
Ages of 3 days More than 12.5 3.0 - 4.0 - 5.0 1.4 5.5 1.6 6.5 2.0
Ages of 7 days More than 22.5 5.5 - 8.0 23 10.0 2.5 11.0 2.7 13.5 33
Ages of 28 days More than 42.5 13.0 - 17.0 3.7 20.0 4.0 22.0 43 27.0 5.0
Mix ratio| Cement 1 1
(mass Sand 3 2
ratio) Water 0.5 0.65
Remarks C (Compressive strength), F (Flexural strength)
(Source) North Korea: Joo and Kim(2015)
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Table 6. Comparison of Cement Chemical Composition and Properties

S Ignition loss Chemical composition(wt.%) Setting time Fineness
(Wt.%) MgO SO; Initial set(min.) Final set(hr.) (em’/g)
South Korea Less than 5.0 Less than 5.0 Less than 3.5 More than 60 Less than 10 More than 2,800
North Korea Less than 5.0 Less than 5.0 Less than 3.5 More than 45 Less than 10 More than 2,500
(Source) North Korea: Jang(2016)
3.2 ==-';.'5_*9| AlunllE %§7|§ Table 7. Experimental items
= - . Standard Experimental
HE2510| AHIE EAT|ES H| W5t LIEHHRAC
Table 501 H=oto] AIME ZH7|ES H|wat0d LIEFHRAC fiem | Experiment | " condition
25t A\JHES| AL ot A\HES| EAV &1} EHe| ELEY
= ||_ | O_; :'j-f ||_ | a= |"‘J—|' = | ? | ﬁ' Compon'ent XRF ) Compressive strength:
Ho| em W/C(E/AHIE), C/S(AIHE/ZZM)SO0| xto[7F QU analysis XRD Ages of 3, 7 and 28 days
22 of A& 9lr} Density
= = T .
- _ _ _ o _ Fi KS L 5110 Curing condition: 20 C+
E5H 3 AMEE i 28 YELT0| w2t 3242 X1t 2CRH 99%
T Qlon] 130 FARE 270 FAMIK| Hofshn Uct Eh pE Rosidwe | wsrsis |
- _ - _ _ Physical | Ignition loss Specimen size :
Set AHES] 27| Y54 I T 28Y Y=L 4= o= an:l/ls;s:?s 40x40x160(mm)
S0 FAIZIO] QUCk 0l BIRECHW/CT} 57| T2 e Flow | RS L 05
_ _ i Mix proportion: Cement:
2 AJZEICE Table 60] B3t 25t0] AIE SHYE 7% & Comp Sanc-1: 3
: KS L ISO 679 )
SRt 7IEE BlTISIT BTt 28 AMIEC] S31Y 7| stenglh (WIC 50%)
2 SYotLt SZAIRE 71E S0 ZZAIRKE 56t A[HET} o=
O \HIEO] H|5 H|Z™ = 402 LIEMLICH ESH EXUE 7|F Table 8. Chemical composition(wt.%)
TSt ol A[HIE HIF S0t ARIET 2| 4F ] Uz A=z Sample [L.OI| Si0, | ALO; | Fe,Os | CaO |MgO | SO; | Total
LIEFSCY S-OPC | 1.51 | 15.03 | 248 | 2.61 | 73.12 | 1.99 | 2.68 | 99.42
N-OPC | 248 | 1747 | 3.61 | 597 | 63.78 | 2.71 | 3.76 | 99.78
== T [ (Note) S-OPC: South Korea, N-OPC: North Korea
4, 52t AHES| EX 45Tt
_ Table 9. Analysis of trace elements of cement
4.1 el e
Trace elements(ppm)
olast 2ot A|HEQ| 0F0| Aol 1t AHIEO| ZXIA|E
HT D S ||_ | o | Lo 7“% |\_ | o= ||:| Sarnp]e HlenEits Na,O | K20 Cr Pb cd Cu
5 7|=x0) BEFR| ofF BISI9C, BigRoRE 2 FPYYRN PPYvan Py pryray
M2 2N 2 225 24 X2 L] Wrision, 2t Al Standard | == Vo9 | 78921 | 1083 | 25737
2 KSOf Z&5t04 ZIBIXICH Table 72 AE af= & AladAfalo| S-OPC - - 214 | 348 | 063 | 609
CHGH LIERH Zd0]Ct, N-OPC 02 |077| 16 15 38 115
4.2 A3 ZT} 01401 YIRS AIZ5HT QloLt 2B 023t 71Z0] LI O
Sotl H0 Us Aoz WEEC E5H Tt AUEE Fe0:2
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Table 10. Result of X-ray analysis

Compositions(wt.%)
OFC type GS | GS C;:A GA | SO; | MgO | CaO | CaSO;4
S-OPC | 581 | 19.5 | 2.19 | 5.16 | 1.96 | 3.58 | - -
N-OPC | 39.1 | 36.7 | 12.2 | 556 | 1.98 | 446 | 5.03 | 2.59

Table 11. Physical analysis

Type Fineness Density Residue on 44um
P (em?g) (¢/en’) sieve (%)
S-OPC 3,339 3.15 5.1
N-OPC 3,270 3.11 41.2
Table 12. Flow test
Flow
Type
P | nm)
S-OPC | 170
N-OPC | 120 S-OPC N-OPC
Table 13. Compressive strength of cement(Unit: MPa)

Curing ages(days)
Sample
3 7 28 56
S-OPC 28.7 412 58.7 63.4
N-OPC 13.6 17.8 21.9 32.8
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Appendix
Whole Pattern Fitting and Rietveld Refinement Whole Pattern Fitting and Rietveld Refi t
FILE: [[19.04.29]19.04.25 NORTH KOREA.raw] [19.04.29]19.04.25 FILE: [190107_SUNGSHIN.raw] 190107_SUNGSHIN

SCAN: 5.0/65.0/0.02/1.2(sec), Cu(40kV,40mAY), I(p)=1829, 04-28-19 07:02p SCAN: 5.0/65.0/0.02/1.2(sec), Cu(40kV,40mA), |(p)=1686, 01-06-19 07:14p

PROC: [C:\Users\Administraton\Desktop\OPCZ & wpf] [Individual FWHM Curve] PROC: [C:\Users\Administrator\Desktop\OPCZ & wpf] [Individual FWHM Curve]

[V] K-alpha2 Peak Present [Diffractometer LP] Two-Theta Range of Fit = 5.0 - 65.0(deg) K-alpha2 Peak Present [Diffractometer LP] Two-Theta Range of Fit = 5.0 - 65.0(deg)

[v] Allow Negative Isotropic B [¥] Specimen Displacement - Cos(Theta) = 0.145947 Allow Negative Isotropic B [¥] Specimen Displacement - Cos(Theta) = 0.216327(0.014591)

[] Allow Negative Occupancy [Z] Monochromator Correction for LP Factor = 1.0 [] Allow Negative Occupancy [ Monochromator Correction for LP Factor = 1.0

Apply Anomalous Scattering [ K-alpha2/K-alpha1 Intensity Ratio = 0.5 Apply Anomalous Scattering ["] K-alpha2/K-alpha1 Intensity Ratio = 0.5

Profile Shape Function (PSF) for All Phases: pseudo-Voigt, Polynomial(8), Lambda=1.54059A (Cu/K-alphat) Profile Shape Function (PSF) for All Phases: pseudo-Voigt, Lambda=1.54059A (Cu/K-alphat)

Phase ID (12) Source Ve W  # TF Phase ID (8) Source e W% #TF
M Hatrurite - Cag(Si0,)0 FIZ#64759 0.98(0%) 39.1(0.0) 1742 0.000 M Hatrurite - Cag(S10,)0 FIZ#64759 1.11(0%) 58.1(8.2) 1736 0.000
M Dicalcium Silicate - Cay(SiOy) FIZ#79552 0.76(0%) 36.7(0.0) 119 0.000 ' Dicalcium Silicate - Cay(SiOs) FIZ#79552 0.76(0%) 19.5(26) 118 0.000
M Brownmillerite - Ca;FeAIO5 FIZ#9197 2.38(0%) 122(00) 98 -0.419 W Brownmillrite - Ca;FeAlOs FIz#9197 2190%) 84(14) 98 0583
I Nonacalcium Cyclo - Cag(AlgO+g) FIZ#1841 3.400%) 57(00) 210 0.064 H Nonacalcium Cyclo - Cag(AlsO1e) FIZ#1841 3200%) 32(1.3) 210 0909
[ Calcium Sodium Aluminium Oxide * - Cag sNaAlO1s FIZ#1880 2.16(0%) 0.0(0.0) 309 0.000 ¥ Calcium Sodium Aluminium Oxide * - Cag sNaAlzO1s FIZ#1880 1.96(0%) 6.0(23) 317 1258
 Gypsum - Ca(SO4)(Hz0)2 FIZ#2059 198(0%) 2.0(0.0) 88 0.000 M Gypsum - Ca(SO4)(Hz0)2 FIZ#2059 196(0%) 46(05) 87 0.000
M Periclase - MgO FIZ#60492 446(0%) 12(0.0) 3 -1.757 M Periclase - MgO FIZ#60492 358(0%) 00(2) 3 0.000
[ Lime - CaO FIZ#28905 503(0%) 0.3(0.0) 4 0000 H Arcanite - Kx(SO4) FIz#2827 199(0%)  0.1(?) 80 -3.739
B Bassanite - Ca(S04)(H;0) 5 FIZ#24474 1.95(0%) 0.0(0.0) 176 0.000 XRF(Wt%): Fe=1.9%, Ca=47.5%, K=0.0%, $=0.9%, Si=10.3%, Al=2.8%, Mg=0.0%, Na=0.2%, 0=36.3%, H=0.1%
M Anhydrite IIl - Ca(SO,) FIZ#79527 2.59(0%) 0.0(0.0) 142 0.000 NOTE: Fitting Halted at Iteration 52(6): R=14.16% (E=7.95%, R/E=1.78, P=634, EPS=0.5)

M Arcanite - K(SO) Fiz#2827 1490%) 28(00) 90 1.266
M Calcite - CaCO3 FIZ#16710 3.040%) 0.0(0.0) 17 0.000 58.1%

XRF(Wt%): Fe=2.8%, Ca=44.9%, K=1.2%, $=0.9%, Si=10.8%, Al=2.5%, Mg=0.7%, Na=0.0%, 0=36.1%, C=0.0%, H=0.0%
NOTE: Fitting Halted at Iteration 0(1): R=14.72% (E=6.84%, R/E=2.15, P=658, EPS=0.5)
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