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MMTC-PAMP India Pvt. Ltd.
Introduction




A one-stop so.

ONE-STOP SHOP

FOR JEWELLERS

B
Our products are tradable across the world and
deliverable on global commodity exchanges

o Scrap Refining
- 45 minute hassle free

exchange of scrap metal
- Transparent process

) Minted Gold and Silver products

.1

e

Exquisite range of coins, bars, collectibles

and customized products

Developing a comprehen- &
sive range of master alloys ™

to be used for the manufac-
ture of jewellery. -

INDUSTRY
o Simplifying purchase of gold for consumers

Gold accumulation plan

(Bl
¥

Enabling customers to purchase
and accumulate gold for as low
as Rs. 1. Anytime anywhere
(365 days 24 x 7)

E- o0

- b
P =9

- Critical enabler of GMS ecosystem

- Refining and certifying purity for the
customers

- Providing surety of quality as the only
LBMA Good Delivery refinery in India

= -

- Separate business vertical
- Providing products and solutions for
Industrial customers of precious metals

ution for Precious Metals

PARTNERING WITH

80 MN+
CUSTOMERS

16 TONNES

SCRAP

$12 Mn

INVESTMENT IN
NEW PLANT

S1 Mn
PROFIT IN TRADING

12
RETAIL CENTRES

500+
EMPLOYEES

ANNUAL INSTALLED
REFINING CAPACITY OF

300T
GOLD &

600T

SILVER
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Jewellery Manufacturing —
Casting - Handmade
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Investment Casting or Lost Wax casting

Master Pattern

Vulcanization of
rubber

Separating of
rubber Mold

Wax Injecting

Wax Pattern

Wax Tree

Disintegrating . : .
Finishing Investment Vacuum Casting cm:‘i'tgf glclzl)d * Burnout Mol:jv:;:ﬁ:r‘x'th
Powder y
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Investment Casting And Handmade Process

Investment Casting Process

Master Pattern

Vulcanization of Rubber
Separating of Rubber Mold
Wax injecting

Wax Pattern

Wax Tree

Mold Filling with Investment
Burnout

Charging Gold + Master Alloy
10 Vaccum Casting

11. Disintegrating Investment Powder
12. Finishing

Lo NOUEWNRE

Major Casting Defect

1. Porosity

* Si&Zn Combination
helps to reduce it

* Proper sprue location or
its design can reduce it
significantly

2. Hard spot

* Over use of Silicon

and Zinc may lead to Hard
Spot also

* Gold Should be free

from Fe & Ir Group

3. Cracking

* High Siin Alloy causes
Cracking

* Gold and Alloy should be
Free From Pb, Se & Te

4. Rough Surface
*  Sihelpstoimprove
fluidity during casting and
reduces rough surface

5. Oxide Inclusion

¢ Oxygen in metal can cause [
Copper Oxidation & lead
to Inclusion

* Excess Znin alloy can
lead to inclusion
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Handmade Manufacturing Process

Strip & Rod Casting

Wire Drawing and
Strip Rolling

Stamping or Die
cutting

Finishing

Soldering

Setting

MMTC-PAMP: Introduction of Master Alloy
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Investment Casting And Handmade Process

Handmade Process

Major Handmade Defect

1. Charging Gold+Master Alloy 1. Roll Misalignment 4. Fins and laps
2. Strip & Rod Casting . Machine Adjustment * Improper Metal feeding '°'_’f°L:,./”" &
3. Wire Drawing & Strip Rolling // )
4. Stamping or Die Cutting ™ macusew Wi\é
5. Soldering N
6. Setting
7. Finishing
. ROI\/IILglenr:ec,jAI:gstment T = 1
. i ju . B
5. Drawing . - \ ;|
° Improper anneallng DIE SEMI-ANGLE o= CUPPY WIRE  FRACTURE
DUETO EXCESVE ROLL BENOING * Boron as grain refiner CUPPING AND FRAGTURE IN WIRE DRAWING
3. Edge cracking
. Higher Oxygen in metal
. Higher Casting temp.
. Si, Pb, Te & Se Should be
Ze ro EDGE CRACKING IN ROLLED STRIP
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Master Alloy
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What is Master Alloy

*  Traditionally Jewelry is manufactured by casting in open / closed (Inert) system or handcrafting using strips or rods.
* Inallthe above operation, 24 karat Gold is converted to lower karatage i.e. 22kt, 18kt , 14kt , 10kt & 9kt by addition of
elements like silver , copper, Zinc, other metals in small quantity which act as deoxidizer and grain refiner in the alloy.

The alloyed metal used is known as Master Alloy.

*  Master Alloys are available to produce gold of variety colors e.g. Yellow Gold, White Gold , Rose Gold , Green gold etc.

Gold Karat System

I 40
- = 2 2
= h o3 30
g = 32 >
< m 0 2 >
R = in ©
< 7= 20

= ©

(@) ©
Q O 5
1 BH BE

= (]
a8 a l::-
oo

Pure Gold

10
" = -
0

Yellow Alloy =~ White Alloy Pink Alloy
Color Color Color

22 Karat |18 Karat _'"';1-4 Karat 10 Karat [9 Karat W 2018-2022 35 5 10 6 2

e
o
o
v
B
S
o

Silver Alloy = Gold Solder

11 MMTC-PAMP: Introduction of Master Alloy MMTC-PAMP




Range of Master Alloy in MMTC-PAMP

CODE COLOR KT* APPLICATION  Ag# SPECIAL COMMENTS CODE COLOR KT* APPLICATION  Agh SPECIAL COMMENTS
SWY001  Rich Yellow 9-14K Casting 23.00 Good Luster, High Reusability SW¥013 Reddish Yellow 22K  Casting 8.50 Goaod for Filigiri Work & Shine
SWY014  Bright Yellow 9-22K All purpose 11.50 Economical, Good Shine SWY027  Rich Yellow 22K Casting 6.10 Hard alloy, Good Shine
SWYD40  Std, Yellow 9-22K All purpose 13,00 Good Luster, Good Werkability SWY0D33  Reddish Yellow 22K  Casting 2.00 Low Silver, High Fluidity
SWY037 Rich Yellow 9-18K Mechanical  19.75 High Performance, Good Shine SWY006 DeepYellow 22K Mechanical — 40.00 Good Luster, High Reusability
SWY015 Reddish Yellow 22K Mechanical  4.00 Economical, Good for Stamping
SWY0le Reddish yvellow 22K All purpose  10.00 Hard, High Surface Luster
CODE COLOR KT* APPLICATION Apse SPECIAL COMMENTS
SWYD1g  Rich Yellow 22K Mechanical  18.00 Good for Stamping ,Wire
SWY002  Yellow 14K Casting 2050  Good Luster & Reusability . . . X
SWY017 Reddish vellow 22K All purpose  5.00 Good for Stamping, Strip & Wire
SWY002  Rich Yellow 18K Casting 20.50 Good Luster & Reusability
CODE COLOR KT*  APPLICATION  Ag¥ SPECIAL COMMENTS
CODE COLOR KT* APPLICATION  Ags SPECIAL COMMENTS
SWYDD3  Deep Yellow 18K  Casting 44.50 High Performance & Luster i DL 36k Wik e A8t sfasting s High Fluidity, Stane-in-Place
SWY034  Deep Yellow 18K Casting 47.00 Reusability, Gaod Shine SWW002  Std, White 14K Casting 15.00 Stone-in-Place, Good Whiteness
SWY039  Rich Yellow 18K Casting 5100  Excellent Workability & Shine, SWwoo3 Off-Wihite 13181 Casting 10.00  Low Nickel, High Reusability

CODE COLOR KT APPLICATION A% SPECIAL COMMENTS

SWYD23  Yellow 18K Casting 26.00 Good Luster, Good Fluidity
Deep Yellow 22K Casting 26.00 Good Luster, Good Fluidity

SWYD234A Yellow 18K Casting 26,00 High Performance, Low Loss
Deep Yellow 22K Casting 26.00 High Performance, Low Loss

SWY028  Greenish Yellow 18K  Casting £5.10 Resuability, Tarnish Resistant
Greenish Yellow 22K Casting 65.10 Resuability, Tarnish Resistant

SWY029  Greenish Yellow 18K  Casting £4.00 Hard with good surface luster
Greenish Yellow 22K Casting £4.00 Hard with good surface luster

SWYD31 Reddish Yellow 18K Casting 17.00 Economical , High Reusability
Reddish Yellow 22K Casting 17.00 Economical . High Reusability

SWY033B Light Yellow 18K Casting 2.00 Goad shine, Economical
Deep Yellow 22K Casting 2,00 Good shine, Economical

SWY009  Reddish ¥ellow 18K Mechanical 16.00 Econamical, Good Shine
Reddish Yellow 22K Mechanical 16,00 Econemical, Good Shine

SWy012  Yellow 18K  Mechanical 20.00 High Performance, Good Shine
Rich Yellow 22K Mechanical — 20.00 High Performance, Good Shine

SWyooa  Yellow 18K All purpose 39.00 High Performance & Reusability
Deep Yellow 22K All purpese  39.00 High Performance & Reusability

SWYOOD4B Yellow 18K All purpose 39.00 High Performance, Lowr Loss

Deep Yellow 22K All purpese 39,00 High Performance, Low Loss

CODE COLOR KT* APPLICATION  Ag¥ SPECIAL COMMENTS
SWYO00S  Deep Yellow 22K Casting 34.00 Good Performance & Reusability

CODE COLOR KT* APPLICATION  Agi: SPECIAL COMMENTS
SWWOO06E Std. White 9-18K Casting 1.000 Low silver, Soft Warkability

CODE COLOR KT* APPLICATION AgH SPECIAL COMMENTS

SWP013 Deep Pink 18K  All purpose 415 High Reusability & Workability
SWPOO3  Pink 9-14K Casting .00 Medium Silver, User Friendly
SWPO04  Light Pink 9-14K Casting 15.00 High Silver, Low De-ox

SWP0O5  Pink 9-14K Casting 6.50 Suitable for Stone in Place
SWPOOSE Light Pink 9-18K Casting 6.50 High Reusability & Waorkability
SWP001 Deep Pink 9-14K All purpose 4.50 Excellent Workability, Low Silver
SWPOO2Z  Pink 9-14K All purpose  6.00 Low Silver, European 5N Color
SWPO11  Light Pink 18-21KAll purpose 18.00 Good for Sheet, Wire, High Silver
SWPo12  Pink 9-14K Casting 10.00 User Friendly, Good Reusability
SWPO12B Pink 9-18K Casting 10.00 Good Workability & Reusability

CODE COLOR PURITY " APPLICATION  Cust SPECIAL COMMENTS

SWS001  Ultra White 925  Casting 61.00 Tarnish Resistant, High De-ox
SWS002  White 925  Casting 67.00 Econarmical , High Fluidity
SWS003  White Q25 Mechanical 92.00 Tarnich Resistant, Good De-ox
SWS004  White 925  Mechanical 93.00 Spring Hard Alloy, Anti Tarnish
SWS005  White 925  Casting 76.00 High Perfarmance & Reusability

SWS007  Super White 925  All Purpose 63.00 High Fluidity & Anti Tarnish, De-ox

MASTER ALLOY

Alloys for Yellow, Pink & White Gold
Alloy for Sterling Silver

Application: Gold and

Sibver Jewellery

Properties: Usage of 999.94 Silver in
alloy reduces casting issue and

metal loss.

SILVER POWDER

Min. 999.9+ Silver Purity
Dimension: upte 50 Micron Size
Application:Electrical Contact,Solar
Paste Medicines, Plating
Properties: Consistent Quality.High

FlowabilityIncreased Conductivity

SILVER GRAINS

Min. 999.9+ Silver Purity
Application: Jewellery,Bullion
Properties: Uniform Size, Zero
Oxidation & Impurity Content as
per ASTM[B413-97a(2017)]

SILVER ANODE

Min. 999+ Silver Purity
Dimension: Length Max. 600 mm
Width 15 -150 mm

Thickness 1.5-6.0 mm
Application: Electroplating
Properties: Uniform Plating,Con-
forms ta 1S Specs[B413-97a(2017))

STRIPS, WIRES & RODS

Gold: 1. Fine Cold-Min. 999+ Purity

2. Alloyed Gold-9K to 22K Karat

Silver : 1. Fine Silver-Min. 999.9+ Purity
2. Alloyed Silver-Sterling (Min. 93%
Purity)

Application: JewelleryFindings ,
Accessories

Properties: Uniform Caolor
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Master Alloy Mgf. processes controls bring added advantage to your products

OUR PROCESS

YOUR ADVANTAGE

Manufactured using 99999 Silver and
premium quality raw material

Produced in strictly controlled
environment, giving alloy free of lead,
cadmium, or any other noxious elements

Stringent quality control parameters

Attain

* High Productivity

* Good luster

* Homogeneity

* Less tarnish

* Minimum gold loss

* Good Hardness & toughness in 22K
casting and handmade products

Access 24x7 technical assistance to
ascertain and eliminate any issues

Engage continuously with experienced
metallurgists and laboratory chemists to
develop new products and solutions
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1
1A
1A

H

Hydrogen
1.008

3
.
Li
Lithium
6.941

11
Na

Sodium
22.990

19

K

Potassium
39.098

37
Rb

Rubidium
84.468

55
Cs

Cesium
132.905

87
Fr

Francium
223.020

18

VIIIA
. . 8A
Periodic Table of the Elements Z
2 13 14 15 16 17 H e
A Atomic A IVA VA VIA VIIA Helium
2A Number 3A 4A 5A 6A 7A 4.003
4 5 6 7 8 9 Br
Be Symbol B C N O e
Beryllium Boron Carbon Nitrogen Oxy: Fluorine Neon
9.012 Name 10.811 12.011 14.007 999 18.998 20.180
12 Atomic_Mass 13 14 16 17 18
M 3 4 5 6 7 8 9 10 11 12 l P S Cl Ar
Magnesium 1B IVB VB ViB VIIB Vil 1B liB minum Silicon Phosphorus Sulfur Chlorine Argon
24.305 3B 4B 5B 6B 7B ¥ 8 Y 1B 2B 26.982 28.086 30.974 32.066 35.453 39.948
20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Ca Sc Ti V Cr Mn Fe Co Ni |Cu Zn |Ga Ge As Se Br Kr
Calcium Scandium Titanium Vanadium Chromium Manganese Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
40.078 44,956 47.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.38 69.723 72631 74.922 78.971 79.904 84,798
38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Sr Y Zr Nb Mo Tc Ru Rh Pd|Ag|Cd In Sn Sb Te | | Xe
Strontium Yttrium Zirconium Niobium Molybdenum  Technetium  Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
87.62 88.906 92.906 95.95 98.907 101.07 102.906 107.868 112411 114.818 118.711 121.760 127.6 126.904 131.294
56 57-71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Ba Hf Ta W Re Os Ir Pt Au Hg TI Pb Bi Po At | Rn
Barium Hafnium Tantalum Tungsten Rhenium Osmium Iriciium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
137.328 178.49 180.948 183.84 186.207 190.23 192.217 195.085 196.967 200.592 204.383 207.2 208.980 [208.982] 209.987 222.018
88 89-103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Uut FI Uup Lv Uus Uuo
Radium Rutherfordium  Dubnium Seaborgium Bohrium Hassium Meitnerium Darmstadtium Roentgenium Copernicium Ununtrium Flerovium Ununpentium | Livermorium |Ununseptium | Ununectium
226.025 [261] [262] [266] [264] [269] [268] [269] [272] 2771 unknown [289] unknown [298] unknown unknown
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
Lanthanide
o' Lla Ce Pr Nd Pm Sm Eu Gd Tbh Dy Ho Er Tm Yb Lu
Lanthanum Cerium Praseodymium Neodymium | Promethium Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
138.905 140.116 140.908 144.243 144.913 150.36 151.964 157.25 158.925 162.500 164.930 167.259 168.934 173.055 174.967
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Actinide
o Ac  Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinium Thorium Protactinium Uranium Neptunium | Plutonium | Americium Curium Berkelium | Californium | Einsteinium Fermium  |Mendelevium | Nobelium | Lawrencium
227.028 232.038 231.036 238.029 237.048 244.064 243.061 247.070 247.070 251.080 [254] 257.095 258.1 259.101 [262]
Alkali Alkaline Transition Basic . Noble s .
Metal Earth Metal Metal Semimetal Nonmetal Halogen Gas Lanthanide Actinide

Major Elements
in Master Alloy
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Elements Role in Alloy

Silver - provides lustre & used to control the
color for a desired appearance

Copper - increases hardness of the pure gold
while still making it ductile for casting. Copper
tends to turn gold color pink

Zinc -Provides more fluidity of the melt ,
improves cast-ability; It improves tensile
strength and improves color too

Silicon-Increases the fluidity of the melt. It
decreases the sensitivity that gold alloy has
towards oxygen.

Germanium - acts as an effective de-oxidizer

Nickel a- bleaching agent and turns yellow
gold into white appearance

Boron - deoxidiser and perhaps acts as grain
refiner too via dispersion hardening

Cobalt - grain refiner which increases
hardness due to its dispersion effect

Indium - Increases fluidity and ductility ;lowers
melting temperature

Gallium —has hardening effect

15
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General Casting Issue

Types of Defects

Reason

Contribution of Alloy composition

Gas Porosity

*Deoxidizer like Silicon in presence of Zinc produces a reciprocating effect to reduce mold-metal interface reaction time during casting by reducing
surface tension.

*This reduces gas porosity caused by Sulphur dioxide from investment powder
CaS04 - Ca0 +S02 + %02;

but the balance of Si, Zn in the alloy content is an important criterion else it can lead to inclusion issues.

* The other major contributor to gas porosity is unburnt carbon from poor burnout; In alloys with Nickel, it can lead to aggravated gas porosity

Shrinkage Porosity

*Alloys with high Nickel or Cobalt require higher casting temperature which may attribute to this defect
eFlask and casting temperature combination needs to be optimized to avoid this

*Proper sprue location or its design can reduce it significantly

Inclusion as Hard spots

*Oxygen in used copper and silver may lead to complex Silver copper oxide which will form hard spots
eQOver use of Silicon and Zinc may lead to oxide too

e|f Iridium is present in alloy as grain refiner, it may lead to hard spots if the melt is not homogenized at recommended temperature .
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General Casting Issue

Types of Defects

Reason

Contribution of Alloy composition

Oxide Inclusion

*The copper used in alloy making should be oxygen free and the oxygen content should be less than 10 ppm.

eMoreover, the silver used in alloy should have oxygen less than 50 ppm to avoid oxide formation in casting stage. Oxygen in silver leads to copper
oxide inclusions, mostly as a silver/copper oxide eutectic.

eFollowing may happen due to this: -

a. The inclusions cause hard spots as found during polishing

b. Gas pores are created due to unstable oxide dissociation at solidification.

c. Bubbles and pores are formed when copper oxide containing silver is annealed in a reducing atmosphere

Cracking

*Imbalance between Cu : Si ratio can lead to Si segregation at grain boundary;
e leading to cracking during casting; so the addition of Si is crucial and specially in which form is it added

eUse of Iridium in alloys can form clusters leading to cracking during mechanical work

Roughness and
oxidation

*Small zinc additions in alloy reduce the reaction with the investment and, in this way, reduce gas porosity too. Probably, the formation of a dense layer
of zinc oxide at the surface of the solidifying melt prevents the interaction of the melt with the investment

*This reduces surface roughness and may help in reducing gold loss during pre-polish .

*The Jewellery surface is more lustrous and free from surface oxidation
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Customer

Jewelry Manufactured

Studded 14k & 18k casting ( diamonds )

CNC bangles 22K

93 Sterling Silver

Previously Using Alloy

Competitor

Copper and silver

Competitor

MMTC-PAMP Alloy used

SWY002 & SWY004

SWY017B

SWS002

Problem Faced

Microporosity

Low Lustre, Hardness in bangle

Low Hardness & low Reusability

Solution

In first interaction changed sprue loaction and design

In first interaction, we studied his requirements of
hardness & lustre

In first interaction, we understood his requirement
of hardness & reusability; did hardness testing of
present sample under Vickers .

Developed SWY002 with Si as Deoxidiser and with
Silver content to meet his price expectation; colour
was not acceptable

Developed SWY017B with cobalt and boron for grain
refining and deoxidising; silver was kept low in order to
meet his price expectation;

Developed SWS002 with higher hardness ;yet
there was issue in reusability such as cracking

Changed Copper silver ratio within same price range
and supplied new sample

Hardness was still required

Increased Silicon solubility by adjusting Copper
Silicon ratio to reduce cracking and increased Zinc
slightly to compensate for oxidation

wanted more lustre; added Germanium and
submitted new sample within two working days

We changed the copper content in order to increase
solid solution hardening and supplied new sample in 3
working days

Formulation was acceptable with customer

The formulation was successful and now commercial
conversion to 10kgs per month

Acceptable for customer ;
commercial conversion to 10kgs per month

commercial conversion to 90-100kgs per month
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What are the disadvantages of Locally refined Gold

Q Impurities leading to poor finish and Gold (Au) % 999.96 |  999.08 995.08 | 99492 | 995.05 | 995.05 | 995.00
higher rejection Silver (Ag) (ppm) 2 900 4903 ATATG | 4791 | 4584 | 4872
Palladium (Pd) 5 38 355
W Chemical method if not controlled will Plathum (P1) 5
add impurities to the Metal ﬂdumlnlum (Al) 2
Antimony (Sb) 5.5
Arsenic (As) 6
Copper (Cu) 11.6 14.9 13.2 1614 98 40 14
Iron ( Fe) 42 15 27
Lead (Pb) 115 42
Manganese (Mn) 2
Silicon (5i) 3 4
Tin{ Sn) 69.5 15 5.8
Tellurium (Te) 5 14 37
Zinc (£n) 20.8

Manufacturing updates 2021-22 MMTC-PAMP
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PRODUCT COMPARISON

WE STAND OUT

Poor 18 Y tree
casted using locally
refined gold with
high impurity

18 Y Cast tree with
MMTC -PAMP gold
free from impurities

Smooth, oxidation
free 18 K pink gold
strip casted with

MMTC-PAMP gold
having no impurity

18 K Strip with local
gold having oxidized
surface finish due to
high impurity content
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PRODUCT COMPARISON

WE STAND OUT

22 K Finished ring | 22 K ring from local

S from MMTC-PAMP ﬁéa‘ie gsld Itmz:\]lving broken -
— gold having high ; shank due to O
— lustre and finish Impurities )
8 >
- —
= =
g 0
= >
= Bullion bar with _

E MMTC-PAMP SI:ags on bullion bar

2 gold with local gold
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Feedback from Customers related to Trees Casting
Casting Tree From MMTC-PAMP Gold & Alloy

Casting Tree photos Shared by Customer Using MMTC-PAMP Alloy

Casting Tree From Local Gold

SWY03418K SWY014-22K
22 MMTC-PAMP: Introduction of Master Alloy MMTC-PAMP




THANK YOU

This presentation is confidential and should not be

replicated or distributed without permission.
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