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APPENDICE 1 

MICROSCOPIC ANALYSIS RESULT 

Appendice  1 Microscopic Analysis Result 
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Mineralogy 

Mineral Symbol Mineral optical description 

Goetit  (Gth) 
Triclin crystal system, pale red in shape (anhedral-subhedral), the 

visible mineral size is 50 μm-100 μm. 

Maghemite  (Mgh) 
Trigonal crystal system, white in shape (anhedral-subhedral), the 

visible mineral size is 10 μm-100 μm 

Pseudomalachite (Pmlc) 
Monoclin crystal system, yellow-green with a shape (anhedral-

subhedral), a visible mineral measurement of 10 μm-50 μm. 

Quartz (Qz) has a crystal shape with imperfections up to anhedral-subhedral. 

Photo 
 

x  
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APPENDICE 2 

SULFURIC ACID (H2SO4) DILUTION CALCULATION 
 
 

Appendice  2 Sulfuric Acid Dilution Calculation 



 

 
 

48 
SULFURIC ACID (H2SO4) DILUTION  

M1 = 6  

 

*1 M Solution      

  M1V1 = M2V2 

 6 x V1 = 1 x 150 mL 

        V1  = (	%	()*&+
,

 

   = 25 mL 

*2 M Solution     

  M1V1 = M2V2 

 6 x V1 = 2 x 150 mL 

        V1  = -	%	()*	&+
,

 

   = 50 mL  

*3 M Solution      

  M1V1 = M2V2 

 6 x V1 = 3 x 150 mL 

        V1  = .	%	()*	&+
,

 

   = 75 mL  

*4 M Solution      

  M1V1 = M2V2 

 6 x V1 = 4 x 150 mL 

        V1  = /		%	()*	&+
,

 

   = 100 mL  
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APPENDICE 3 

ATOMIC ABSORPTION SPECTROMETER (AAS) ANALYSIS 

RESULTS 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendice  3 AAS Analysis Results 
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LAB. PPS FMIPA  

UNHAS 

FORMULIR NO: 

FSOP-7.8-LPPS-FMIPAUH-01.4 
Tanggal Berlaku : 1 April 2019 

REKAMAN HASIL ANALISIS 

Edisi/Revisi Ke   : 1/0 

Halaman              : 1/3 

 

 
No. Dok: FSOP-7.8-LPPS-FMIPAUH-01.1                   No.Revisi/Terbit: 0/1 Halaman 1 dari 3 
 

REKAMAN HASIL ANALISIS 
 

Nomor Pekerjaan  : LPPS.A-2310-13/8a-h 
Tanggal Penerimaan  : 16 Oktober 2023 
Tanggal Analisis  : 17 – 23 Oktober 2023 
Suhu Ruangan  : 26,1 °C 
Kelembapan Ruangan : 56% RH 

1. Analisis Logam Tembaga (Cu) 
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NIP. 197508261996012001     NIP. 19810202 200604 2 001 



 

 
 

55 
 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDICE 4 

EXTRACTION RATE CALCULATION  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendice  4 Extraction Rate Calculation 
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The copper extraction rate was calculated using the leaching efficiency formula in 

Dong et al. (2023) in equation 4 below: 

𝜂 =
𝐶0	𝑥	𝑉
𝑚	𝑥	𝑊0

	𝑥	100 

Where: 

𝜂    = Extraction rate (%) 

 Ci   = Metal consentration (mg/L) in pregnant leach solution (PLS) 

 V  = PLS volume (L) 

 m  = Mass (Kg) 

 Wi = Metal content (mg/Kg) 

 

PLS volume (V) = 0,05 L 

Mass sampel (m) = 0,015 Kg 

Cu Contentration (Wi) = 3223,13 mg/Kg 
 
1. Extraction rate at 60 mins extraction time and 1 M acid concentration (𝐶0= 

512,25 mg/L) 

Extraction rate (%) = !!	×	$
%	×	&!

 x 100% 

    = '(),)'	×	+,+'
+,+('	×	,)),,(,		

 x 100% 

   = 52,98% 

2. Extraction rate at 30 mins extraction time and 2 M acid concentration (𝐶0= 

507,7 mg/L) 

Extraction rate (%) = !!	×	$
%	×	&!

 x 100% 

    = '+-,-+	×	+,+'
+,+('	×	,)),,(,		

 x 100% 

   = 52,51% 

3. Extraction rate at 60 mins extraction time and 2 M acid concentration (𝐶0= 

522,76 mg/L) 

Extraction rate (%) = !!	×	$
%	×	&!

 x 100% 

    = ')),-.	×	+,+'
+,+('	×	,)),,(,	

 x 100% 



 

 
 

57 

   = 54,06% 

4. Extraction rate at 90 mins extraction time and 2 M acid concentration (𝐶0= 

516,46 mg/L) 

Extraction rate (%) = !!	×	$
%	×	&!

 x 100% 

    = '(.,/.	×	+,+'
+,+('	×	,)),,(,		

 x 100% 

   = 53,41% 

5. Extraction rate at 120 mins extraction time and 2 M acid concentration (𝐶0= 

481,79 mg/L) 

Extraction rate (%) = !!	×	$
%	×	&!

 x 100% 

    = /0(,-1	×	+,+'
+,+('	×	,)),,(,		

 x 100% 

   = 49,83% 

6. Extraction rate at 60 mins extraction time and 3 M acid concentration (𝐶0= 

506,30 mg/L) 

Extraction rate (%) = !!	×	$
%	×	&!

 x 100% 

    = '+.,,+	×	+,+'
+,+('	×	,)),,(,	

 x 100% 

   = 52,36% 

7. Extraction rate at 60 mins extraction time and 4 M acid concentration (𝐶0= 

563,03 mg/L) 

Extraction rate (%) = !!	×	$
%	×	&!

 x 100% 

    = '.,,+,	×	+,+'
+,+('	×	,)),,(,	

 x 100% 

   = 58,23% 

 

 

 

 



 

 
 

58 
 

 

 

 

 

 

 

 

 

 

 

APPENDICE 5 

X-RAY DIFFRACTION (XRD) ANALYSIS RESULTS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendice  5 XRD Analysis Results 
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OXIDE ORE FROM TONRA X-RAY DIFFRACTION (XRD) ANAYSIS 

RESULTS  

  

MaWch! PhaVe AQaO\VLV ReSRUW

SaPSOe: ZV-01

SDPSOH DDWD
File Qame ZV-01.W[W
File SaWh C:/UVeUV/ACER/DRcXmeQWV/MATCH3/ZV-01
DaWa cRllecWed NRY 2, 2023 12:21:59
DaWa UaQge 5.000� - 70.000�
OUigiQal daWa UaQge 5.000� - 70.000�
NXmbeU Rf SRiQWV 3251
SWeS Vi]e 0.020
RieWYeld UefiQemeQW cRQYeUged NR
AlSha2 VXbWUacWed NR
BackgURXQd VXbWU. NR
DaWa VmRRWhed YeV
RadiaWiRQ X-Ua\V
WaYeleQgWh 1.541874 c

AQaO\VLV ReVXOWV

IQGH[ APRXQW (%)NDPH FRUPXOD VXP
A 30.6 QXaUW] O2 Si
B 3.2 PVeXdRmalachiWe CX5 H4 O12 P2
C 33.4 MaghemiWe Fe21 H O33
D 7.5 LaQgiWe CX4 H10 O12 S
E 25.3 KaRliQiWe Al2 H4 O9 Si2

11.9 8QLGHQWLILHG SHDN DUHD

APRXQWV FDOFXODWHG E\ 5I5 (5HIHUHQFH IQWHQVLW\ 5DWLR) PHWKRG

EOHPHQW APRXQW (ZHLJKW %)
O 44.8%(*)
Fe 23.0%
Si 19.8%
CX 5.7%
Al 5.3%
H 0.6%(*)
S 0.5%
P 0.3%

*LE (VXP) 45.4%

DeWaLOV Rf LdeQWLfLed ShaVeV

A: QXDUW] (30.6 %)*
FRUmXla VXm O2 Si
EQWU\ QXmbeU 96-900-5019
FigXUe-Rf-MeUiW (FRM) 0.798095*

TRWal QXmbeU Rf SeakV 140
PeakV iQ UaQge 36
PeakV maWched 23
IQWeQViW\ Vcale facWRU 0.65*

SSace gURXS P 32 2 1 S
CU\VWal V\VWem WUigRQal (he[agRQal a[eV)
UQiW cell a= 4.9209 c c= 5.4091 c
I/Ic 2.93
Calc. deQViW\ 2.639 g/cmñ
RefeUeQce KihaUa K., "AQ X-Ua\ VWXd\ Rf Whe WemSeUaWXUe deSeQdeQce Rf Whe TXaUW] VWUXcWXUeSamSle: aW T = 398 K",

EXURSeaQ JRXUQal Rf MiQeUalRg\ 2, 63-77 (1990)
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B: PVeXdRmalachiWe (3.2 %)
Formula sum Cu5 H4 O12 P2
Entr\ number 96-900-0590
Figure-of-Merit (FoM) 0.000000
Total number of peaks 1000
Peaks in range 355
Peaks matched 56
Intensit\ scale factor 0.04
Space group P 1 21/c 1
Cr\stal s\stem monoclinic
Unit cell a= 4.4728 c b= 5.7469 c c= 17.0320 c ȕ= 91.043 �
I/Ic 1.92
Calc. densit\ 4.368 g/cmñ
Reference Shoemaker G. L., Anderson J. B., Kostiner E., "Refinement of the cr\stal structure of pseudomalachite",

American Mineralogist 62, 1042-1048 (1977)

C: MaghemiWe (33.4 %)
Formula sum Fe21 H O33
Entr\ number 96-901-7846
Figure-of-Merit (FoM) 0.000000
Total number of peaks 196
Peaks in range 64
Peaks matched 11
Intensit\ scale factor 1.00
Space group P -4 3 m
Cr\stal s\stem cubic
Unit cell a= 8.3500 c
I/Ic 4.16
Calc. densit\ 4.854 g/cmñ
Reference Sinha K. P., Sinha A. P. B., "Ein Fehlstellenuberstruktur - Modell fur gamma-Fe2O3", Zeitschrift fur

Anorganische und Allgemeine Chemie 293, 228-232 (1957)

D: LangiWe (7.5 %)
Formula sum Cu4 H10 O12 S
Entr\ number 96-901-3896
Figure-of-Merit (FoM) 0.000000
Total number of peaks 590
Peaks in range 251
Peaks matched 45
Intensit\ scale factor 0.28
Space group P 1 c 1
Cr\stal s\stem monoclinic
Unit cell a= 7.1370 c b= 6.0310 c c= 11.2170 c Ȗ= 90.000 �
I/Ic 5.11
Calc. densit\ 3.359 g/cmñ
Reference Gentsch M., Weber K., "Structure of langite, Cu4[(OH)6_SO4]*2H2O", Acta Cr\stallographica, Section C 40,

1309-1311 (1984)

E: KaRliniWe (25.3 %)*
Formula sum Al2 H4 O9 Si2
Entr\ number 96-155-0599
Figure-of-Merit (FoM) 0.588432*

Total number of peaks 508
Peaks in range 268
Peaks matched 61
Intensit\ scale factor 0.14*

Space group P 1
Cr\stal s\stem triclinic (anorthic)
Unit cell a= 5.1737 c b= 8.9850 c c= 7.3522 c Į= 91.684� ȕ= 105.128 � Ȗ= 89.755 �
I/Ic 0.74
Calc. densit\ 2.599 g/cmñ
Reference Richard D., Rendtorff N. M., "First principles stud\ of structural properties and electric fieldgradients in

kaolinite", Applied Cla\ Science 169, 67-73 (2019)
(*)2theta values have been shifted internall\ for the calculation of the amounts, the intensit\ scaling factors as well as the figure-of-merit (FoM), due to
the active search-match option 'Automatic ]ero point adaption'.

CDQGLGDWHV

Name FRUmXla EnWU\ NR. FRM
Be F2 96-153-1932 0.6302

Si O2 O2 Si 96-153-8065 0.6290
Tantalcarbide C Ta 96-900-8732 0.3440
Aluminium silicate h\droxide * (Kaolinite 2M) Al2 H4 O9 Si2 96-101-1046 0.0000
Trimagnesium dih\droxide ph\llo-tetrasilicate (Talc 2M) H2 Mg3 O12 Si4 96-101-1153 0.0000
(Fe2 O3)10.6667 (Maghemite) Fe21.3334 O32.0001 96-152-8612 0.0000
Kaolinite Al2 H4 O9 Si2 96-155-0599 0.0000
Kaolinite K-I Al2 H4 O9 Si2 96-156-6358 0.0000
Kaolinite K-II Al2 H4 O9 Si2 96-156-6359 0.0000
Kaolinite K-III Al2 H4 O9 Si2 96-156-6360 0.0000
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=LQF AOXPLQXP H\GUR[LGH NLWUDWH H\GUDWH (H\GURWDOFLWH
SRO\W\SHB351)

AO0.84 N1.69 O35.24 =Q2.16 96-300-0049 0.0000

3VHXGRPDODFKLWH CX5 H4 O12 32 96-900-0590 0.0000
7LWDQRPDJKHPLWH FH2.18 O4 7L0.42 96-900-1115 0.0000
MDJKHPLWH FH2 O3 96-900-6317 0.0000
MDJKHPLWH FH2 O3 96-900-6318 0.0000
MDJKHPLWH FH3 O4 96-900-6319 0.0000
7DOF H2 MJ3 O12 6L4 96-900-8041 0.0000
7DOF H2 MJ3 O12 6L4 96-900-8298 0.0000
KDROLQLWH AO2 H4 O9 6L2 96-900-9231 0.0000
KDROLQLWH AO2 H4 O9 6L2 96-900-9235 0.0000
LDQJLWH CX4 H10 O12 6 96-900-9716 0.0000
MDJKHPLWH FH2 O3 96-901-2693 0.0000
LDQJLWH CX4 H10 O12 6 96-901-3896 0.0000
7DOF 2M MJ3 O12 6L4 96-901-4436 0.0000
KDROLQLWH AO2 O9 6L2 96-901-5000 0.0000
7DOF H2 MJ3 O12 6L4 96-901-7404 0.0000
MDJKHPLWH FH2.668 O4 96-901-7490 0.0000
MDJKHPLWH FH2.645 O3.99 96-901-7494 0.0000
MDJKHPLWH FH2.645 O3.99 96-901-7520 0.0000
MDJKHPLWH FH1.966 O2.962 96-901-7521 0.0000
KDROLQLWH AO1.992 CD0.012 FH0.016 H4 MJ0.008 O9 6L1.956

7L0.018 96-901-7767 0.0000

KDROLQLWH AO1.992 CD0.012 FH0.016 H4 MJ0.008 O9 6L1.956
7L0.018 96-901-7768 0.0000

MDJKHPLWH FH21 H O33 96-901-7846 0.0000

SHaUcK-MaWcK
SeWWiQgV
5HIHUHQFH GDWDEDVH XVHG COD-IQRUJ 2023.06.06
AXWRPDWLF ]HURSRLQW DGDSWDWLRQ <HV
DRZQJUDGH HQWULHV ZLWK ORZ VFDOLQJ IDFWRUV<HV
MLQLPXP ILJXUH-RI-PHULW (FRM) 0.60
2WKHWD ZLQGRZ IRU SHDN FRUU. 0.30 GHJ.
MLQLPXP UHO. LQW. IRU SHDN FRUU. 0
3DUDPHWHU/LQIOXHQFH 2WKHWD 0.50
3DUDPHWHU/LQIOXHQFH LQWHQVLWLHV 0.50
3DUDPHWHU PXOWLSOH/VLQJOH SKDVH(V) 0.50

CULWHULa IRU HQWULHV addHd b\ XVHU

RHIHUHQcH:

EQWU\ QXPbeU: 96-101-1153;96-300-0049;96-900-8041;96-900-8298;96-900-8732;96-901-4436;96-901-7404;96-101-
1046;96-155-0599;96-156-6358;96-156-6359;96-156-6360;96-900-9231;96-900-9235;96-901-5000;96-901-
7767;96-901-7768;96-900-9716;96-901-3896;96-900-0590;96-152-8612;96-900-1115;96-900-6317;96-900-
6318;96-900-6319;96-901-2693;96-901-7490;96-901-7494;96-901-7520;96-901-7521;96-901-7846

PHaN LLVW
NR. 2WheWa [�] d [c] I/I0 (Seak heighW) CRXQWV (Seak aUea) FWHM MaWched

1 12.32 7.1845 335.52 173.84 0.8757 D,E
2 18.94 4.6857 94.04 38.35 0.6894 B
3 20.10 4.4178 116.42 46.42 0.6739 B,D,E
4 20.96 4.2384 330.05 75.86 0.3885 A,B,D,E
5 25.22 3.5313 409.11 115.67 0.4779 B,D,E
6 26.62 3.3487 1000.00 183.75 0.3106 A,E
7 26.68 3.3413 0.53 0.10 0.3200 A
8 31.56 2.8349 41.23 9.13 0.3744 B,E
9 33.34 2.6875 40.62 25.08 1.0437 B,D

10 33.68 2.6612 19.08 3.64 0.3221 C,D
11 35.02 2.5623 110.47 29.01 0.4438 B,D,E
12 36.60 2.4553 237.61 58.35 0.4151 A,B,E
13 39.50 2.2814 113.96 29.87 0.4431 A,E
14 40.32 2.2369 64.49 20.19 0.5292 A,B,C,D,E
15 42.52 2.1261 103.00 14.37 0.2357 A,B,D,E
16 45.04 2.0129 104.56 3.96 0.0640 B,C,D
17 50.12 1.8201 152.66 19.72 0.2184 A,B,C,D,E
18 55.06 1.6679 74.85 27.99 0.6321 A,B,C,D,E
19 59.96 1.5428 168.79 31.24 0.3129 A,B,C,D,E
20 68.34 1.3726 106.91 26.94 0.4259 A,B,C,D,E

IQWHJUaWHd PURILOH AUHaV

BaVHd RQ caOcXOaWHd SURILOH

PURfile aUea CRXQWV APRXQW
OYHUDOO GLIIUDFWLRQ SURILOH 114022 100.00%
BDFNJURXQG UDGLDWLRQ 56886 49.89%
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DiffracWion peakV 57136 50.11%
Peak area belonging Wo VelecWed phaVeV 43525 38.17%
PeaN aUea Rf ShaVe A (QXaUW]) 13206 11.58%
PeaN aUea Rf ShaVe B (PVeXdRPaOachLWe) 2826 2.48%
PeaN aUea Rf ShaVe C (MaghePLWe) 7290 6.39%
PeaN aUea Rf ShaVe D (LaQgLWe) 8277 7.26%
PeaN aUea Rf ShaVe E (KaROLQLWe) 11927 10.46%
UnidenWified peak area 13610 11.94%

Peak ReVidXalV
Peak daWa CRXQWV APRXQW
OYerall peak inWenViW\ 933 100.00%
Peak inWenViW\ belonging Wo VelecWed phaVeV 852 91.22%
UnidenWified peak inWenViW\ 82 8.78%

DiffUacWion PaWWeUn GUaShicV

Match! Copyright � 2003-2023 CRYSTAL IMPACT, Bonn, Germany



 

 
 

63 
EXTRACTED X-RAY DIFFRACTION (XRD) ANALYSIS RESULTS 

CONCENTRATION 

 

Match! Phase Analysis Report

Sample: ZV-R-4K

Sample Data
File name ZV-R-4K.txt
File path /Users/ZalsaVionatha/Downloads/ZV-R-4K dan ZV-R-60-W/ZV-R-4K
Data collected Nov 15, 2023 14:39:24
Data range 5.000º - 70.000º
Original data range 5.000º - 70.000º
Number of points 3251
Step size 0.020
Rietveld refinement converged No
Alpha2 subtracted No
Background subtr. No
Data smoothed No
Radiation X-rays
Wavelength 1.541874 Å

Analysis Results

IndexAmount
(%)

Name Formula sum

A 64.5 Quartz O2 Si
B 4.1 Pseudomalachite Cu5 H4 O12 P2
C 0.0 Maghemite Fe21 H O33
D 3.1 Langite Cu4 H10 O12 S
E 28.3 Kaolinite Al1.992 Ca0.012 Fe0.016 H4 Mg0.008 O9 Si1.956 Ti0.018

14.0 Unidentified peak area

Amounts calculated by RIR (Reference Intensity Ratio) method

Element Amount (weight %)
O 52.7%(*)
Si 36.2%
Al 5.9%
Cu 3.9%
H 0.5%(*)
P 0.4%
S 0.2%
Fe 0.1%
Ti 0.1%
Ca 0.1%
Mg 0.0%

*LE (sum) 53.2%

Details of identified phases

A: Quartz (64.5 %)*
Formula sum O2 Si
Entry number 96-901-0146
Figure-of-Merit (FoM) 0.831642*
Total number of peaks 140
Peaks in range 36
Peaks matched 28
Intensity scale factor 0.78*
Space group P 32 2 1 S
Crystal system trigonal (hexagonal axes)
Unit cell a= 4.9180 Å c= 5.4070 Å
I/Ic 2.95
Calc. density 2.643 g/cm³
Reference Ikuta D., Kawame N., Banno S., Hirajima T., Ito K., Rakovan J. F., Downs R. T., Tamada O., "First in situ X-ray diffraction

identification of coesite and retrogradequartz on a glass thin section of an ultrahigh-pressure metamorphic rock andtheir crystal
structure details Locality: Oomine granite, Tenkawa-mura, Nara,Southwest Japan Sample: in air", American Mineralogist 92, 57-63
(2007)

B: Pseudomalachite (4.1 %)
Formula sum Cu5 H4 O12 P2
Entry number 96-900-0590
Figure-of-Merit (FoM) 0.000000
Total number of peaks 1000
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Peaks in range 355
Peaks matched 89
Intensity scale factor 0.03
Space group P 1 21/c 1
Crystal system monoclinic
Unit cell a= 4.4728 Å b= 5.7469 Å c= 17.0320 Å β= 91.043 º
I/Ic 1.92
Calc. density 4.368 g/cm³
Reference Shoemaker G. L., Anderson J. B., Kostiner E., "Refinement of the crystal structure of pseudomalachite", American Mineralogist 62,

1042-1048 (1977)

C: Maghemite (0.0 %)
Formula sum Fe21 H O33
Entry number 96-901-7846
Figure-of-Merit (FoM) 0.000000
Total number of peaks 196
Peaks in range 64
Peaks matched 14
Intensity scale factor 0.00
Space group P -4 3 m
Crystal system cubic
Unit cell a= 8.3500 Å
I/Ic 4.16
Calc. density 4.854 g/cm³
Reference Sinha K. P., Sinha A. P. B., "Ein Fehlstellenuberstruktur - Modell fur gamma-Fe2O3", Zeitschrift fur Anorganische und Allgemeine

Chemie 293, 228-232 (1957)

D: Langite (3.1 %)*
Formula sum Cu4 H10 O12 S
Entry number 96-900-9716
Figure-of-Merit (FoM) 0.636447*
Total number of peaks 998
Peaks in range 401
Peaks matched 127
Intensity scale factor 0.07*
Space group P 1 c 1
Crystal system monoclinic
Unit cell a= 7.1180 Å b= 6.0340 Å c= 11.2090 Å β= 90.020 º
I/Ic 5.37
Calc. density 3.369 g/cm³
Reference Galy J., Jaud J., Pulou R., Sempere R., "Structure cristalline de la langite, Cu4[SO4(OH)6H2O]*H2OLocality: Mazega, Aveyrone,

France", Bulletin de Mineralogie 107, 641-648 (1984)

E: Kaolinite (28.3 %)
Formula sum Al1.992 Ca0.012 Fe0.016 H4 Mg0.008 O9 Si1.956 Ti0.018
Entry number 96-901-7768
Figure-of-Merit (FoM) 0.000000
Total number of peaks 510
Peaks in range 271
Peaks matched 104
Intensity scale factor 0.12
Space group C 1
Crystal system triclinic (anorthic)
Unit cell a= 5.1528 Å b= 8.9415 Å c= 7.3985 Å α= 91.715º β= 104.756 º γ= 89.866 º
I/Ic 1.04
Calc. density 2.612 g/cm³
Reference Lee S., Xu H., "Using complementary methods of synchrotron radiation powder diffraction andpair distribution functions to refine

crystal structures with high qualityparameters - A reviewNote: Neutron data, chemistry data provided by author", Minerals 10, -124
(2020)

(*)2theta values have been shifted internally for the calculation of the amounts, the intensity scaling factors as well as the figure-of-merit (FoM), due to the active search-
match option 'Automatic zero point adaption'.

Candidates

Name Formula Entry No. FoM
Aluminium silicate hydroxide * (Kaolinite 2M) Al2 H4 O9 Si2 96-101-1046 0.0000
Silicon oxide $-alpha (Quartz low) O2 Si 96-101-1098 0.0000
Silicon oxide (Quartz low) O2 Si 96-101-1160 0.0000
Silicon oxide $-alpha (Quartz low) O2 Si 96-101-1173 0.0000
Silicon oxide - $-alpha (Quartz low) O2 Si 96-101-1177 0.0000
Silicon oxide - \b (Quartz high) O2 Si 96-101-1201 0.0000
Silicon oxide (Quartz high) O2 Si 96-110-0020 0.0000
(Fe2 O3)10.6667 (Maghemite) Fe21.3334 O32.0001 96-152-8612 0.0000
Kaolinite Al2 H4 O9 Si2 96-155-0599 0.0000
Kaolinite K-I Al2 H4 O9 Si2 96-156-6358 0.0000
Kaolinite K-II Al2 H4 O9 Si2 96-156-6359 0.0000
Kaolinite K-III Al2 H4 O9 Si2 96-156-6360 0.0000
Silicon oxide (Quartz) O2 Si 96-500-0036 0.0000
Pseudomalachite Cu5 H4 O12 P2 96-900-0590 0.0000
Quartz O2 Si 96-900-0776 0.0000
Quartz O2 Si 96-900-0777 0.0000
Quartz O2 Si 96-900-0778 0.0000
Quartz O2 Si 96-900-0779 0.0000
Quartz O2 Si 96-900-0780 0.0000
Quartz O2 Si 96-900-0781 0.0000
Titanomaghemite Fe2.18 O4 Ti0.42 96-900-1115 0.0000
Quartz O2 Si 96-900-5018 0.0000
Quartz O2 Si 96-900-5019 0.0000
Quartz O2 Si 96-900-5020 0.0000
Quartz O2 Si 96-900-5021 0.0000
Quartz O2 Si 96-900-5022 0.0000
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Quartz O2 Si 96-900-5023 0.0000
Quartz O2 Si 96-900-5024 0.0000
Quartz O2 Si 96-900-5025 0.0000
Quartz O2 Si 96-900-5026 0.0000
Quartz O2 Si 96-900-5027 0.0000
Quartz O2 Si 96-900-5028 0.0000
Quartz O2 Si 96-900-5029 0.0000
Quartz O2 Si 96-900-5030 0.0000
Quartz O2 Si 96-900-5031 0.0000
Quartz O2 Si 96-900-5032 0.0000
Quartz O2 Si 96-900-5033 0.0000
Quartz O2 Si 96-900-5034 0.0000
Maghemite Fe2 O3 96-900-6317 0.0000
Maghemite Fe2 O3 96-900-6318 0.0000
Maghemite Fe3 O4 96-900-6319 0.0000
Quartz O2 Si 96-900-7379 0.0000
Quartz O2 Si 96-900-8093 0.0000
Quartz O2 Si 96-900-8094 0.0000
Kaolinite Al2 H4 O9 Si2 96-900-9231 0.0000
Kaolinite Al2 H4 O9 Si2 96-900-9235 0.0000
Quartz O2 Si 96-900-9667 0.0000
Langite Cu4 H10 O12 S 96-900-9716 0.0000
Quartz O2 Si 96-901-0145 0.0000
Quartz O2 Si 96-901-0146 0.0000
Quartz O2 Si 96-901-0147 0.0000
Quartz O2 Si 96-901-1494 0.0000
and 23 others...

Search-Match

Settings
Reference database used COD-Inorg 2023.06.06
Automatic zeropoint adaptation Yes
Downgrade entries with low scaling factorsYes
Minimum figure-of-merit (FoM) 0.60
2theta window for peak corr. 0.30 deg.
Minimum rel. int. for peak corr. 0
Parameter/influence 2theta 0.50
Parameter/influence intensities 0.50
Parameter multiple/single phase(s) 0.50

Criteria for entries added by user

Reference:

Entry number: 96-101-1098;96-101-1160;96-101-1173;96-101-1177;96-101-1201;96-110-0020;96-500-0036;96-900-0776;96-900-0777;96-900-
0778;96-900-0779;96-900-0780;96-900-0781;96-900-5018;96-900-5019;96-900-5020;96-900-5021;96-900-5022;96-900-5023;96-
900-5024;96-900-5025;96-900-5026;96-900-5027;96-900-5028;96-900-5029;96-900-5030;96-900-5031;96-900-5032;96-900-
5033;96-900-5034;96-900-7379;96-900-8093;96-900-8094;96-900-9667;96-901-0145;96-901-0146;96-901-0147;96-901-1494;96-
901-1495;96-901-1496;96-901-1497;96-901-2601;96-901-2602;96-901-2603;96-901-2604;96-901-2605;96-901-2606;96-901-
3322;96-901-5023;96-900-0590;96-152-8612;96-900-1115;96-900-6317;96-900-6318;96-900-6319;96-901-2693;96-901-7490;96-
901-7494;96-901-7520;96-901-7521;96-901-7846;96-900-9716;96-901-3896;96-101-1046;96-155-0599;96-156-6358;96-156-
6359;96-156-6360;96-900-9231;96-900-9235;96-901-5000;96-901-7767;96-901-7768

Peak List

No. 2theta [º] d [Å] I/I0 (peak height) Counts (peak area) FWHM Matched
1 12.32 7.1845 89.40 91.38 0.7288 D,E
2 20.00 4.4396 77.97 118.03 1.0792 B,D,E
3 20.88 4.2545 244.23 151.92 0.4435 A,B,D
4 24.68 3.6074 94.63 116.80 0.8800 E
5 25.24 3.5286 87.94 73.79 0.5983 B,D
6 26.72 3.3364 1000.00 399.24 0.2846 A,E
7 35.00 2.5638 31.42 29.12 0.6607 B,D,E
8 35.94 2.4988 39.30 32.73 0.5938 C,D,E
9 36.58 2.4566 125.30 41.86 0.2382 A,B

10 37.82 2.3788 47.12 30.33 0.4589 B,D,E
11 38.20 2.3560 27.45 39.56 1.0277 D
12 38.50 2.3384 29.16 13.25 0.3240 B,D,E
13 39.42 2.2859 78.92 45.86 0.4143 A,D,E
14 40.30 2.2380 51.44 20.21 0.2801 A,B,C,D,E
15 42.44 2.1300 65.23 26.33 0.2877 A,B,D,E
16 45.76 1.9829 46.86 33.76 0.5137 A,B,D,E
17 48.06 1.8932 22.28 9.11 0.2916 B,D,E
18 50.16 1.8187 163.85 56.85 0.2473 A,B,C,D,E
19 53.76 1.7051 21.81 7.57 0.2473 B,C,D,E
20 54.86 1.6735 65.39 45.91 0.5005 A,B,C,D,E
21 59.98 1.5423 149.22 46.98 0.2245 A,B,C,D,E
22 62.36 1.4891 45.94 5.15 0.0800 B,D,E
23 62.48 1.4865 47.14 10.96 0.1658 B,D,E
24 64.02 1.4544 24.80 6.37 0.1830 A,B,C,D,E
25 67.72 1.3837 66.95 26.38 0.2810 A,B,D,E
26 68.14 1.3762 89.99 52.76 0.4180 A,B,D,E
27 68.32 1.3730 54.03 11.31 0.1492 A,B,C,D,E

Integrated Profile Areas

Based on calculated profile

Profile area Counts Amount
Overall diffraction profile 180530 100.00%
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Background radiation 94042 52.09%
Diffraction peaks 86488 47.91%
Peak area belonging to selected phases 61292 33.95%
Peak area of phase A (Quartz) 33604 18.61%
Peak area of phase B (Pseudomalachite) 4707 2.61%
Peak area of phase C (Maghemite) 20 0.01%
Peak area of phase D (Langite) 4268 2.36%
Peak area of phase E (Kaolinite) 18694 10.35%
Unidentified peak area 25196 13.96%

Peak Residuals

Peak data Counts Amount
Overall peak intensity 1544 100.00%
Peak intensity belonging to selected phases 1468 95.09%
Unidentified peak intensity 76 4.91%

Diffraction Pattern Graphics

Match! Copyright © 2003-2023 CRYSTAL IMPACT, Bonn, Germany
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TIME 

 

Match! Phase Analysis Report

Sample: ZV-R-60-W

Sample Data
File name ZV-R-60-W.txt
File path /Users/ZalsaVionatha/Downloads/ZV-R-4K dan ZV-R-60-W/ZV-R-60-W
Data collected Nov 15, 2023 14:39:42
Data range 5.000º - 70.000º
Original data range 5.000º - 70.000º
Number of points 3251
Step size 0.020
Rietveld refinement converged No
Alpha2 subtracted No
Background subtr. No
Data smoothed No
Radiation X-rays
Wavelength 1.541874 Å

Analysis Results

IndexAmount
(%)

Name Formula sum

A 71.4 Quartz O2 Si
B 8.9 Pseudomalachite Cu5 H4 O12 P2
C 1.3 Maghemite Fe21 H O33
D 0.3 Langite Cu4 H10 O12 S
E 18.2 Kaolinite Al1.992 Ca0.012 Fe0.016 H4 Mg0.008 O9 Si1.956 Ti0.018

17.7 Unidentified peak area

Amounts calculated by RIR (Reference Intensity Ratio) method

Element Amount (weight %)
O 51.6%(*)
Si 37.2%
Cu 5.1%
Al 3.8%
P 1.0%
Fe 0.9%
H 0.4%(*)
Ti 0.1%
Ca 0.0%
S 0.0%

Mg 0.0%
*LE (sum) 51.9%

Details of identified phases

A: Quartz (71.4 %)*
Formula sum O2 Si
Entry number 96-900-0776
Figure-of-Merit (FoM) 0.856757*
Total number of peaks 140
Peaks in range 36
Peaks matched 30
Intensity scale factor 0.66*
Space group P 32 2 1 S
Crystal system trigonal (hexagonal axes)
Unit cell a= 4.9160 Å c= 5.4054 Å
I/Ic 2.95
Calc. density 2.646 g/cm³
Reference Levien L., Prewitt C. T., Weidner D. J., "Structure and elastic properties of quartz at pressureP = 1 atm", American Mineralogist 65,

920-930 (1980)

B: Pseudomalachite (8.9 %)
Formula sum Cu5 H4 O12 P2
Entry number 96-900-0590
Figure-of-Merit (FoM) 0.000000
Total number of peaks 1000
Peaks in range 354
Peaks matched 89
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Intensity scale factor 0.05
Space group P 1 21/c 1
Crystal system monoclinic
Unit cell a= 4.4728 Å b= 5.7469 Å c= 17.0320 Å β= 91.043 º
I/Ic 1.92
Calc. density 4.368 g/cm³
Reference Shoemaker G. L., Anderson J. B., Kostiner E., "Refinement of the crystal structure of pseudomalachite", American Mineralogist 62,

1042-1048 (1977)

C: Maghemite (1.3 %)
Formula sum Fe21 H O33
Entry number 96-901-7846
Figure-of-Merit (FoM) 0.000000
Total number of peaks 196
Peaks in range 64
Peaks matched 14
Intensity scale factor 0.02
Space group P -4 3 m
Crystal system cubic
Unit cell a= 8.3500 Å
I/Ic 4.16
Calc. density 4.854 g/cm³
Reference Sinha K. P., Sinha A. P. B., "Ein Fehlstellenuberstruktur - Modell fur gamma-Fe2O3", Zeitschrift fur Anorganische und Allgemeine

Chemie 293, 228-232 (1957)

D: Langite (0.3 %)
Formula sum Cu4 H10 O12 S
Entry number 96-901-3896
Figure-of-Merit (FoM) 0.000000
Total number of peaks 590
Peaks in range 251
Peaks matched 75
Intensity scale factor 0.00
Space group P 1 c 1
Crystal system monoclinic
Unit cell a= 7.1370 Å b= 6.0310 Å c= 11.2170 Å γ= 90.000 º
I/Ic 5.11
Calc. density 3.359 g/cm³
Reference Gentsch M., Weber K., "Structure of langite, Cu4[(OH)6|SO4]*2H2O", Acta Crystallographica, Section C 40, 1309-1311 (1984)

E: Kaolinite (18.2 %)
Formula sum Al1.992 Ca0.012 Fe0.016 H4 Mg0.008 O9 Si1.956 Ti0.018
Entry number 96-901-7768
Figure-of-Merit (FoM) 0.000000
Total number of peaks 510
Peaks in range 270
Peaks matched 100
Intensity scale factor 0.06
Space group C 1
Crystal system triclinic (anorthic)
Unit cell a= 5.1528 Å b= 8.9415 Å c= 7.3985 Å α= 91.715º β= 104.756 º γ= 89.866 º
I/Ic 1.04
Calc. density 2.612 g/cm³
Reference Lee S., Xu H., "Using complementary methods of synchrotron radiation powder diffraction andpair distribution functions to refine

crystal structures with high qualityparameters - A reviewNote: Neutron data, chemistry data provided by author", Minerals 10, -124
(2020)

(*)2theta values have been shifted internally for the calculation of the amounts, the intensity scaling factors as well as the figure-of-merit (FoM), due to the active search-
match option 'Automatic zero point adaption'.

Candidates

Name Formula Entry No. FoM
Aluminium silicate hydroxide * (Kaolinite 2M) Al2 H4 O9 Si2 96-101-1046 0.0000
Silicon oxide $-alpha (Quartz low) O2 Si 96-101-1098 0.0000
Silicon oxide (Quartz low) O2 Si 96-101-1160 0.0000
Silicon oxide $-alpha (Quartz low) O2 Si 96-101-1173 0.0000
Silicon oxide - $-alpha (Quartz low) O2 Si 96-101-1177 0.0000
Silicon oxide - \b (Quartz high) O2 Si 96-101-1201 0.0000
Silicon oxide (Quartz high) O2 Si 96-110-0020 0.0000
(Fe2 O3)10.6667 (Maghemite) Fe21.3334 O32.0001 96-152-8612 0.0000
Kaolinite Al2 H4 O9 Si2 96-155-0599 0.0000
Kaolinite K-I Al2 H4 O9 Si2 96-156-6358 0.0000
Kaolinite K-II Al2 H4 O9 Si2 96-156-6359 0.0000
Kaolinite K-III Al2 H4 O9 Si2 96-156-6360 0.0000
Silicon oxide (Quartz) O2 Si 96-500-0036 0.0000
Pseudomalachite Cu5 H4 O12 P2 96-900-0590 0.0000
Quartz O2 Si 96-900-0776 0.0000
Quartz O2 Si 96-900-0777 0.0000
Quartz O2 Si 96-900-0778 0.0000
Quartz O2 Si 96-900-0779 0.0000
Quartz O2 Si 96-900-0780 0.0000
Quartz O2 Si 96-900-0781 0.0000
Titanomaghemite Fe2.18 O4 Ti0.42 96-900-1115 0.0000
Quartz O2 Si 96-900-5018 0.0000
Quartz O2 Si 96-900-5019 0.0000
Quartz O2 Si 96-900-5020 0.0000
Quartz O2 Si 96-900-5021 0.0000
Quartz O2 Si 96-900-5022 0.0000
Quartz O2 Si 96-900-5023 0.0000
Quartz O2 Si 96-900-5024 0.0000
Quartz O2 Si 96-900-5025 0.0000
Quartz O2 Si 96-900-5026 0.0000
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Quartz O2 Si 96-900-5027 0.0000
Quartz O2 Si 96-900-5028 0.0000
Quartz O2 Si 96-900-5029 0.0000
Quartz O2 Si 96-900-5030 0.0000
Quartz O2 Si 96-900-5031 0.0000
Quartz O2 Si 96-900-5032 0.0000
Quartz O2 Si 96-900-5033 0.0000
Quartz O2 Si 96-900-5034 0.0000
Maghemite Fe2 O3 96-900-6317 0.0000
Maghemite Fe2 O3 96-900-6318 0.0000
Maghemite Fe3 O4 96-900-6319 0.0000
Quartz O2 Si 96-900-7379 0.0000
Quartz O2 Si 96-900-8093 0.0000
Quartz O2 Si 96-900-8094 0.0000
Kaolinite Al2 H4 O9 Si2 96-900-9231 0.0000
Kaolinite Al2 H4 O9 Si2 96-900-9235 0.0000
Quartz O2 Si 96-900-9667 0.0000
Langite Cu4 H10 O12 S 96-900-9716 0.0000
Quartz O2 Si 96-901-0145 0.0000
Quartz O2 Si 96-901-0146 0.0000
Quartz O2 Si 96-901-0147 0.0000
Quartz O2 Si 96-901-1494 0.0000
and 23 others...

Search-Match

Settings
Reference database used COD-Inorg 2023.06.06
Automatic zeropoint adaptation Yes
Downgrade entries with low scaling factorsYes
Minimum figure-of-merit (FoM) 0.60
2theta window for peak corr. 0.30 deg.
Minimum rel. int. for peak corr. 0
Parameter/influence 2theta 0.50
Parameter/influence intensities 0.50
Parameter multiple/single phase(s) 0.50

Criteria for entries added by user

Reference:

Entry number: 96-101-1098;96-101-1160;96-101-1173;96-101-1177;96-101-1201;96-110-0020;96-500-0036;96-900-0776;96-900-0777;96-900-
0778;96-900-0779;96-900-0780;96-900-0781;96-900-5018;96-900-5019;96-900-5020;96-900-5021;96-900-5022;96-900-5023;96-
900-5024;96-900-5025;96-900-5026;96-900-5027;96-900-5028;96-900-5029;96-900-5030;96-900-5031;96-900-5032;96-900-
5033;96-900-5034;96-900-7379;96-900-8093;96-900-8094;96-900-9667;96-901-0145;96-901-0146;96-901-0147;96-901-1494;96-
901-1495;96-901-1496;96-901-1497;96-901-2601;96-901-2602;96-901-2603;96-901-2604;96-901-2605;96-901-2606;96-901-
3322;96-901-5023;96-900-0590;96-152-8612;96-900-1115;96-900-6317;96-900-6318;96-900-6319;96-901-2693;96-901-7490;96-
901-7494;96-901-7520;96-901-7521;96-901-7846;96-900-9716;96-901-3896;96-101-1046;96-155-0599;96-156-6358;96-156-
6359;96-156-6360;96-900-9231;96-900-9235;96-901-5000;96-901-7767;96-901-7768

Peak List

No. 2theta [º] d [Å] I/I0 (peak height) Counts (peak area) FWHM Matched
1 12.30 7.1962 70.73 80.09 0.7639 D,E
2 20.04 4.4309 92.53 120.10 0.8756 B,D,E
3 20.82 4.2666 242.51 142.67 0.3969 A,B,D
4 25.00 3.5619 100.14 160.32 1.0800 D,E
5 25.24 3.5286 120.82 93.12 0.5200 B
6 26.68 3.3413 1000.00 394.78 0.2663 A,E
7 35.06 2.5595 53.50 41.90 0.5284 B,D,E
8 36.54 2.4592 142.12 67.63 0.3210 A,B
9 37.80 2.3800 48.49 67.61 0.9407 B,D,E

10 38.62 2.3314 55.35 65.22 0.7949 B,C,D,E
11 39.46 2.2837 99.63 47.26 0.3200 A,D,E
12 40.20 2.2433 40.58 7.22 0.1200 A,B,C,D,E
13 42.46 2.1290 88.21 30.39 0.2324 A,B,D,E
14 45.78 1.9820 50.72 24.76 0.3294 A,B,D,E
15 50.14 1.8194 160.74 57.59 0.2417 A,B,C,D,E
16 53.90 1.7010 20.57 9.42 0.3089 B,C,D,E
17 54.84 1.6741 55.99 35.29 0.4253 A,B,C,D,E
18 55.38 1.6590 32.81 25.89 0.5323 A,B,D,E
19 59.96 1.5428 137.02 50.51 0.2487 A,B,C,D,E
20 62.40 1.4882 47.90 41.46 0.5839 B,D,E
21 64.00 1.4548 30.88 11.93 0.2606 A,B,C,D,E
22 67.74 1.3833 74.32 39.65 0.3599 A,B,D,E
23 68.16 1.3758 93.10 53.37 0.3867 A,B,D,E
24 68.30 1.3733 39.72 8.03 0.1363 A,B,C,D,E

Integrated Profile Areas

Based on calculated profile

Profile area Counts Amount
Overall diffraction profile 174232 100.00%
Background radiation 83640 48.00%
Diffraction peaks 90592 52.00%
Peak area belonging to selected phases 59676 34.25%
Peak area of phase A (Quartz) 36359 20.87%
Peak area of phase B (Pseudomalachite) 9337 5.36%
Peak area of phase C (Maghemite) 1319 0.76%
Peak area of phase D (Langite) 434 0.25%
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Peak area of phase E (Kaolinite) 12226 7.02%
Unidentified peak area 30917 17.74%

Peak Residuals

Peak data Counts Amount
Overall peak intensity 1676 100.00%
Peak intensity belonging to selected phases 1556 92.82%
Unidentified peak intensity 120 7.18%

Diffraction Pattern Graphics

Match! Copyright © 2003-2023 CRYSTAL IMPACT, Bonn, Germany
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APPENDICE 6 
CONCULTATION CARD  
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