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OVERVIEW : HOW ?

CSIR-AMPRI

L Manufacture hybrid green composites materials from stone, marble and

granite waste stream

] Opportunities for Economic, Employment and Environmental Benefits



STONE, MARBLE AND GRANITE WASTE STREAM IN RAJASTHAN

CSIR- AMPRI INVESTIGATION
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S & TINNOVATION

CSIR - AR

§ ADVANCED HYBRID GREEN COMPOS . %

CSIR-Advanced Materials and Processes Research Institot

Development of a energy
efficient “Hybrid Green
Composite Materials”

-
CSIR - AMPRI

il ADVANCED HYBRID GREEN COMPOSITE TECHNOLOG rj
CiR_Rdranced Moterils and Procssses Research Insitwts, Shose

Create opportunity for
sustainable manufacturing
from stone, marble &
granite wastes stream for
multifunctional applications




STONE WASTE COMPOSITES MANUFACTURING PROCESS

CSIR-AMPRI
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HYBRID COMPOSITE MATERIALS FROM STONE, MARBLE AND GRANITE
WASTE STREAM

Stone waste composites

Granite waste composites
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HYBRID COMPOSITE MATERIALS FROM STONE, MARBLE AND
GRANITE WASTE STREAM

Stone slurry waste cpmposites




HYBRID COMPOSITE MATERIALS FROM GRANITE, MARBLE AND STONE
WASTE STREAM




HYBRID COMPOSITE MATERIALS MANUFACTURED USING MARBLE
WASTE STREAM




HYBRID COMPOSITE MATERIALS MANUFACTURED USING MARBLE
WASTE STREAM




HYBRID COMPOSITE MATERIALS MANUFACTURED USING MARBLE
WASTE STREAM
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HYBRID COMPOSITE MATERIALS MANUFACTURED USING MARB
WASTE STREAM

; L4 SRR ,
ADVANCED HYBRID GReen COMPOSITE ucm{nmm ' “
CS\R-Advanced Materials and

Protesses Research \nstitute, Bhopal




HYBRID COMPOSITE ROOFING SHEETS

Hybrid composite Roofing sheefs made from Stone , Granite & Marble wasfe



HYBRID COMPOSITE ARTIFICIAL GRANITE
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HYBRID COMPOSITES

A new class of materials:

* Varying thickness

*Size, Shape, Design & Colour
 Texture, Surface finish




o HYBRID COMPOSITES
: L 1\

A new class of materials: = __ High strength composites
Sandwich composites b / s

ites
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Composite she

T=12-25 mm ; ,: | Composite sheet Size: 2Zm x 1 m

Appli(ﬂﬁOl‘lS: an alternative for : Ueness
* Wood / Timber e Composites are resistance to weather,

A L A R N TR L) Moisture, corrosion, termite & fungus
* Plastic and FRP / GRP Products

e Composites are stronger than timber, synthetic wood & highly durable
Advantages . :
* Cost effective & maintenance free products

_
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PROPERTIES OF HYBRID GREEN COMPOSITES




HYBRID COMPOSITES

S.No Specification

1 Density (gm/cm?)
9 Water Absorption

(%e)

3 Thickness Swelling
(%)

4 Tensile Strength
(MPa)

5 Tensile Modulus
(GPa)

6 Flexural Strength
(MPa)

7 Flexural Modulus
(GPa)

8 Impact Strength
(kJ/m?)

Hybrid Purilcle MDF Board Plywood

Composite  board (EG) (EG) (EG)

CSIR-AMPRI
0.35 - 2.20 0.5-0.6 0.68 0.70

0.00-1.5  67.72-77.08 87.74 31.40

0.00-2.75  12.53-15.91 18.42 15.19
6.73 - 48.58 4.4-9.3 13.33 31.40
1.40-7. 05 1.89-5.4 2.58 2.94
13.9-65.83  11.3-51.2 24.23 26.17
1.2-13.07 ! 2.23 2.53
1.40 - 30.10 ! 2.5 3.10



COMPARISON OF PROPERTIES OF MARBLE / GRANITE /
STONE WASTE COMPOSITE MATERIALS (Average Values)

TS ™ FS FM IS Al WA
Marble 12.85 6.27 48.05 7.12 - NIL 0.09
Waste
Marble+ Jute BFIRY] 4.42 48.48 6.31 - NIL 0.56
Fibre
26.74  3.97 4499  7.89 1500 NIL  0.09
Granite waste Bl R.{ 4.52 76.15 9.02 2870 NIL 0.09
+ Jute Fibre
Stone Waste 22.00 3.24 55.64 7.75 1387 NIL 0.10
Stone Waste 31.33 3.66 52.10 9.17 2384 NIL 0.21

+Jute Fibre



TENSILE PROPERTIES OF HYBRID COMPOSITES AND SYNTHETIC WOOD

Tensile Modulus (GPa)

O = NWhWUIC"N O O

2 mm HBC 3 mm HBC 6 mm HBC Particle MDF Plywood
Board
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BIS

Testing

Under IS: 303:198

of Hybri

d Composites Samples

9 PLYWOOD FOR GENERAL PURPOSES

= |

TEST REPORT

(I\II LABS PUT_LTD.

Correspondence Address
HX-21
Tel

Arera Colony, Bhopal
68583 Telef: 075!

sanchamet in/calilabs@gmail com

SERVICE REQUEST No.
TEST REPORT No.

: CUTLM3232017

191/10/12191/2017

Sheet 10f 2
Date of Issue :28.11.2017

REPORT ISSUED To

Bhopal - 462 064 (M.P.)

: CSIR - ADVANCED MATERIALS AND PROCESSES RESEARCH |NSYITLITE
Hoshangabad Road,

SAMPLE DESCRIPTION : GREEN H' ID COMPOSITE MATERIAL
TEST METHOD REF. : IS : 303 : 1989 with no. 6
GRADE : MR [rvpe : Not Declared
BRAND NAME,IF ANY : Not Declared IDECLARED SIZE  : Not Declared
QUANTITY & PACKING BATCH NO./ LOT NO. DOM
1 No. Green hybrid composite
el nthed Not mentioned 06.10.2017
DATE OF RECEIPT DATE OF START ANALYSIS : 0211.2017
26.10.2017 DATE OF COMPLETION OF ANALYSIS 27.11.2017

ANY OTHER INFORMATION Customer requested for all tests on Green hybrid composite material as per 15:303:1989 vide their

letter no. AMPRI/BIS/2017-1, dtd. 25" Sep 2017

Clause no.

TEST PARAMETER

REQUIREMENT RESULTS TEST METHOD REF.
81 Types basad on classification by appearance - Not Declared -
52 Surface defects - Not Applicable -
. i Tolerance on declared

8 Dimensions el 15:303:1988 (RA 2013)

a) Length +6mm, -Omm 2151

b) Width +3mm, -Omm 1204

) Thickness, Min/Max, 210% 1.81-235

d) Edge straightness % 0.2% 0.02

) Squareness, % 02% 0.06

The board shall be of
21 Uniform thickness within the| Thickness not specified
tolerance limit
15:303:1989 (RA 2013)
The faces of Green hydrid
92 The faces of board shall be com
posite material is
reasonably smooth sl
1121 |Water Resistance test
(3 cycles of - 3 hr in water at 60+2°C and 8 hr et Pusns Bhacniond Pass Standard © |7(24A(P2|0-'5;,)1983
drying at 65:2°C)
, A
ATS a l't(
L/'Y"n (Nutan Slngh)
(Analyst) (Authorised Signatory)

CALILABS PUT. LTD.

Al HOIJSE OF CALIBRATION AND TES'HNG

umwspnmiencc Address
Arera Colony, Bhopal
468583 Telefax:
s@sanchameL ini

2 016

|SERVICE REQUEST No. : CLUTLI1323/2017 Sheet2 of 2 j
TEST REPORT No. : 6192/1012192/2017 Date of Issue :28.11.2017
Clause no.| TEST PARAMETER REQUIREMENT RESULTS \ TEST METHOD REF.
1S:1734 (Pt-1):1983
113 |Moisture Content, % Min 5%, Max 15% 03 (RA2013)
1.4 Static Bending strength IS 17?;‘;;;61;;1933
Modulus of Elasticity,
i) Parallel to the face
a) Average N/mm’ 5000 15842
b) Minimum individual N/mm” 4500 15115
i) Perpendicular to the face
a) Average Nimm” 2500 6311
b) Minimum individual Nimm® 2200 5982
114 |Modulus of Rupture, 1S:1734 (PL-11):1983
i) Parallel to the face (RA 2013)
a) Average Nimm” 40 118.08
b) Minimum individual Nimm® 36 102.96
i) Perpendicular to the face
&) Average Nimm’ 20 11472
) Minimum individual N/mm’ 18 95.76

secured from The Director, CALI-LABS PVT LTD. BHOPAL
3 The test report pertains to the sample tested.
4  Sample not drawn by us.

1 Sample tested as per IS : 303 : 1989 with amendment no. 6 as requested by the customer.
2 This report, in full of in part, shall not be published, advertised, used for any legal action, unless prior permission has been

|
| 1”3/’
(Nutkn Sihgh)

Authorised Signato

(Analyst)

Moisture Res.
(MR) Grade

Composites are resistant to Funqus & Termite

BIS 4873-1:2008 Funqi Test & ASTM D-3345 Termites resistance Test




THERMAL INSULATING HYBRID COMPOSITES

Dielectric Constant (c)
w = (%, ()
o (=) o (=)

N
o

—
o

1.2

=
()

o
IS

o
()]
Thermal Conductivity (WK-'m'!)

=
N

GRP

Wood PVDF PMMA HC Leather HLC
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IPR Status

Two International Patents (i) A glossy finish sandwich composite and process for preparing the same
(Grant No.201811047389, WO 2020/121319 A1) and (ii) High performance glossy finish green hybrid composites with
variable density and an improved process for making there of (Publication No. 201811016873. W02019/211862A1) filed.

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property =

=
Organization %
=

International Bureau

(43) International Publication Date
18 June 2020 (18.06.2020)

WIPO I PCT

P OO0 0
(10) International Publication Number

WO 2020/121319 Al

(51) International Patent Classification:
B29C 70/48 (2006.01) E04C 2/40 (2006.01)
CO8J 11/04 (2006.01) CO8L 75/04 (2006.01)

(21) International Application Number:
PCT/IN2019/050599
(22) International Filing Date:
16 August 2019 (16.08.2019)
English
English

(25) Filing Language:
(26) Publication Language:

(30) Priority Data:

201811047389 14 December 2018 (14.12.2018)  IN

(71) Applicant: COUNCIL OF SCIENTIFIC & IN-
DUSTRIAL RESEARCH [IN/INJ; Anusandhan Bhawan,
2 Rafi Marg, New Delhi 110 001 (IN).

(72) Inventors: PAPPU, Asokan; Advanced Materials and
Processes Research Institute, Hoshangabad Road, Bhopal
462026 (IN). GUPTA, Manoj Kumar; Advanced Materi-

74)

1)

als and Processes Rescarch Institute, Hoshangabad Road,
Bhopal 462026 (IN). MISHRA, Alka: Advanced Materi-
als and Processes Rescarch Institute, Hoshangabad Road.
Bhopal 462026 (IN). PETERS, Edward; Advanced Mate-
rials and Processes Rescarch Institute. Hoshangabad Road.
Bhopal 462026 (IN). KULSHRESHTH, Ajay; Advanced
Materials and Processes Rescarch Institute. Hoshangabad
Road, Bhopal 462026 (IN). RATHORE, Sanjai Kumar
Singh: Advanced Materials and Processes Research Insti-
tute, Hoshangabad Road, Bhopal 462026 (IN). SRIVAS-
TAVA, Avanish Kumar; Advanced Materials and Process-
es Research Institute, Hoshangabad Road, Bhopal 462026
().

Agent: SINGH, Manisha: LexOrbis, 709-710 Tolstoy
House, 15-17 Tolstoy Marg, New Delhi 110001 (IN).

Designated States (unless otherwise indicated. for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BIL, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,

(54) Title: A GLOSSY FINISH SANDWICH COMPOSITE AND PROCESS FOR PREPARING THE SAME

CIE INTERNATION AL APPLICATION PUBLISHED USTER THE PATEN T COPERATION TREATY (FCT)

(1% Warlil Indellectunl Fropenty =
[hrpasization
Intirstazasl Barcan
{43} Intermational Public ation Dt =
T Movember 2009 (07,1 1.2001%)

WIPO | PCT

O OO0 A 0 e
i) Imiernatienal Publicagion Member
WO 2019211862 Al

A% Besernational Paress Chasilication:
R TR | 20050

AT Bssernational Application Nembier
FC TR I |94k 07
{33k Imsernabional Filmg i
TH Flany 200 % (IF0E 240 %)

{55) Filing Lanpusgse: Emihah
A28y Publication Lasgap: English
4E1p Prinrsy Data;

INNETI0IGET T4 gy DR 005 D008 Ik

AT0p Applcant; COUNCIL OF SCIENTIFIC AND IN-
DUSTHIAL HESEARC [ 1N Armsynian e
I Rafl Marg. Kew Dell, DELHL 10000137

172k beveniors ASORAN, Pappe: CHE-Advmosd Makn-
als g Frocesms Restach minme (AMPRI), Habib=
gt Mk, Bhapal 401026 ([N GUFTA, Mansj Ku-
mar; C5IR-Advmed Mrcnals md Pocias Rewsnch
It € AMPRI, Habebgan Maka, Whopal 463036 {15
MISHRA. Alki CSIRAdvanoed Mnerials and Proocsss
ef Rescuch Bisniuee (AMPRI), Hehibgaa) haks, Blepal
A1 (IR, FETERS, Edward; CSIR-Advircod Maic-
nals and Proceses Remarch stk (AMPETL Habib-
] Pnka, Bhopel 462006 (IN). KULSHRESHTH, Ajay.|
CRIR-Audvimced Malesinh aed Proosies Resesch Ll
teir (AMPRI), Hobibgam Hoka, Bhopal 463006 41
BATHORE, Sanjsl Kamar Sagh CSIR-Stvanced Ma-
enals mid Frocestes Ressarch [l (AMPRIL, Hebii-
it Midkea, Bl 463036 (1H), SRIVASTAVA, Avanish)
Kumar, £ SIA-Advanced Mpicrnls and Procosses Bescnsh
Insiinie (AMIPRELL Habobgan Poka, Bhopal J62020 (TR}

{74} Apmi REMFRY & SAGAR Remiry Homse A The bl-
lemum Plaz, Secor 17 Gorgaos, Haroma 122 000 (1M

{EI} Designated Sl fosheo otnrednr wndicatial B e
ki o ntivsal pestecrion meniohle: AL AG. AL AN,
A0 AT, ALL AZ BIA. BB, BG, BH, BN, B8, BW. DY, B
CACCH, L. O, OO, CR, CU, CF, DHE, [x), D, DAL D0
DZE, EC, EE EG, ES, FL GE. GO, GE, GEL GM, GT, HK
HRCHLL IO L, T, TR, 15, B3 IR KE. KG, KH KN, KR
EREW KL LA LU LK, LR, LS, LU, LY, MA4, MI?, ME.

Bl WK, MR, MW D M, T M, G WL WO, R,
O, PA, FE, FG, FHLPL, PT, 004, RO, RS, RUL BRW, 54,
SC. 8D SE, 80, 5K, S, S8, ST.8W, §Y. TH, T), TM. TH,
TR, TLTE, LA UG, RS, LE VT W, EA, I 20

A4 Dusipasted SEle Smbos e aaid v nee
G o oo poiecion awsichiai: ARIPC (BW, GH,
GMLKE. LE LS, MW, M WA RW, S0 SL. ST, 82 T2,
UG, ZM, ZW), B (AM, AZ, BY. KG, KZ, RU, T),
Thd), Eweezii (AL, AT, BE. BO, CH, CY, CZ DE, DK,
GE. B2, FI, FR, GA, GR, HR, HLULIE, 15, 1T, LT, LLL LY,
B MK MIT. KL, RO PL, PT, RO, RS, SE S1, 5K 5M,
TRL OAFLEF. BL CF, O, 0L OM, GA. G, GOL GW,
EML WAL, BR, WE, 5K, TD, TGO

Delaratiog: ueder Rule 4.17:

—  ar do oty amTemen o apyely s aned he pranisd a
e (Rale 417k

= ofareaiordap (R 40 Tl

Fuhlished:

= wrkk darermahisnal seaech mepoer (e 20730

IMPROVED FROCESS FOR MAKING THEREDF

{54} Thler HIGEH PERFORMANCE GLOMSY FIKISH GREEN HYBRID COMPUSITES WITH VARLIABLE DENSITY ANDF AN




Applications: Furnitures




J Souvenirs

Applications




Applications

Architectural cladding panels

|
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Applications
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CSIR-AMPRI

INDICATIVE COST

DOOR size:
2x1 m (25-30 mm t)

AMPRI Door : Fire retardant,

water & termite resistant Grade

Cost Rs.

Commercial Doors

i) Teak wood 16000 /-
ii) MDF with lamination 7500/-
iii) GRP Solid door 18600/-

Panels (Price psf) Cost Rs.
AVMPR Panel products
Hgh strength, Are retardant,
water &termite resistant
4-12 rmt
Commercially available products
i) Ply 4 -12 nmt 50- 100/-
ii) MOF12-18 nmt 40-80/-
ii) PC25nmt 10/-
iv)Teak (30nmt) 225/-




ECONOMICS ANALYSIS : HYBRID GREEN COMPOSITES (J)

75 39 80 45
100 55 102 65
140 72 140 82
185 120 232 114

* Four times stronger than MDF, Plywood, Particleboard. Resistance to Termite, Fungus, Water
# Non-Laminated (Market products) Rate: per sq. ft.



CSIR-AMPRI

Major Machinery

Techno-Economics

BUSINESS PLAN AND ECONOMIC BENEFITS

e Stone wastes particulates & fibres handling system, Drying / curing oven
e Polymer matrix mixing, impregnation & calendaring system
e Hydraulic press / Compression moulding machine, Cutting Machine

Prices ~ 30% cheaper than teak wood & ~ 4 times stronger than teak wood.
About 10 % cheaper than synthetic wood (MDF, particle board, ply wood...) and
the quality is manifolds better than that of synthetic wood.




PROJECT COST FOR COMMERCIAL SCALE MANUFACTURING

Hybrid composite panels/ sheets from stone / marble /
granite wastes - indicative

Investment vs  About Rs. 3.5 crore
Production About 250 composite panels (Size ~ 2m x1m,
Capacity thickness ~ 4 mm) per shift per day.

» 3 mm panels to 35mm door can be made.
Land, About 10000 square feet land needed

Electricity &  40-70 KW power
Water Water: Nil




BUSINESS MODEL

PROJECT COST FOR COMMERCIAL SCALE MANUFACTURING
ARTIFICIAL STONE/ MARBLE / GRANITE (SLAB) - INDICATIVE

Production Capacity 950 siab per day Salid slab / panels

Stone Waste Consunmtion: About 60 tons per day

No | Paraneter Value

1 | CAPEX ~Rs 18 Crore

2 |OPEX ~ Rs. 32 Lakhs

3 | Land Requirerment ~50000 sof

4 | Bectric Requirerment ~850 hp (635 KN

o | Water Requirement Usually no water required

Qab Size: 2 meter x 1 meter of 15 nmthickness” (~21 soff)
*Varying thickness can be nmade from3nmto 30 mm

Cost of each Slab @ Rs.183 /sqf
Total Weight: 87 kg (size ~21 sqf)

Profit Per day
(Selling price - Production cost): 11,63,925 Per day




BUSINESS MODEL Sandwich panels

PROJECT COST FOR COMMERCIAL SCALE MANUFACTURING

ARTIFICIAL STONE/ MARBLE / GRANITE (SLAB) - INDICATIVE

Production Capacity 990 slab per day
Stone Waste Consunmtion: About 60 tons per day

No | Parameter Value

1 |CAPKX ~Rs 18 Qrare

2 | OPEX ~ Rs 32 Lakhs

3 | Land Requirement ~50000 soff

4 | Hectric Requirerent | ~850 hp (635 KW

9 | Water Requirement Usually no water required

Qab Size: 2 meter x 1 meter of 15 nmthickness” (~21 soff)
*Varying thickness can be made from3nmto 30 rm

Cost of each Slab @ Rs.183 /sqf
Total Weight: 87 kg (size ~21 sqf)

Profit Per day
(Selling price - Production cost): 11,63,925 Per day




STONE / MARBLE/ GRANITE WASTE RECYCLING OPPORTUNITY

Technically feasible

Environmental friendly,

Economically viable Energy saving
processes/products
Socially acceptable /
Recyclable
WASTE TO WEALTH. . .

Simple process, address multiple issues, multifunctional applications


http://images.google.co.in/imgres?imgurl=http://www.acewasterecycling.co.uk/communities/9/004/006/063/549/images/4516074605.jpg&imgrefurl=http://www.acewasterecycling.co.uk/contactus/4521205309&usg=__rBFEM--8bz-tru5CO6D4v-2DqdY=&h=381&w=435&sz=32&hl=en&start=6&um=1&tbnid=ptygO-U-KlLIiM:&tbnh=110&tbnw=126&prev=/images?q=WASTE+RECYCLING&hl=en&um=1

OPPORTUNITIES

m Create start-up, entrepreneurship &
employment thus enhance the economy

® Contribute to Atmanirbhar Bharat

® Technology is ready for
commercialization

CREATE URBAN & RURAL EMPLOYMENT FROM STONE WASTE STREAM




“ Your understanding & involvement will accelerate to
realize the benefits of this research outcome

for
Entrepreneurship & New business creation
on
Stone, Marble and Granite waste vtilization in
making new class of green composite materials”.
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