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Industry Challenge Proposed process layout
The main aim is to enhance the capabilities of Electrochemical Machining (ECM) while overcoming its
drawbacks so that a fully sustainable - in terms of production efficiency, resource consumption and Primary Fine LEJISG? | Cr+6 Cr+3 Cr+3
waste generation - precision machining process is created for the industry. This will enable for the Filter Filter St(e)cr:argcj)eytze Reduction Precipitation Removal

industry to align with the Scottish and UK Government’s sustainable manufacturing strategies.
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Optimize the process energy utilization and the process efficiency.

Facilitate environmental symbiosis by reclaiming the metal ions from the sludge. Fig 8 — Reduction of Hexavalent chromium

Additives developed to reduce hexavalent chromium are efficient and economical.

Electrochemical Machining (ECM) Result
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Reduction of Hexavalent Chromium vz Additrve © usage
What ECM can offer Drawbacks of ECM g 9 Conversion rate of hexavalent
z 8 chromium to tri-valent chromium by the
No th I Hardness of E 7 rhGERtreti g 3. 1ghn addition of additive C was studied in o
0 thefma the material 5 6 PRCESS LI Loyl e detail. o
Stress s irrelevant o - idditiree G used 03Tt i
: E’ p ik ool s 1000ltrs of electrolyte can be treated S
— 2 4 for carcinogenic hexavalent chromium %
@ w ( % at a cost £10 to £15 >
E Improved ECM Forceless % = : 5
£ SUREIE AR J L machining ¥ 5 The additive C itself also has no health %
< . ) - 00 003 0-0% 008 814 0-14 or environmental hazards 3
:§ Thisa e i) g_
?EUD sr?gégzli);n No tool wear Fig 10 — Reduction of hexavalent chromium %
= be machined ®
S e e e e s The above additives are used to treat
o , - | e =iy hexavalent chromium in the first stage
9 Flg 3 - Capabllltles of ECM [3] Flg 4 — General drawbacks of ECM [3] . i- B . of the treatment process
% Proposed Research g
= b The second-stage treatment process
S & mm was developed to remove cobalt,
- | e— Fs
% - _ Toal § molybdenum, and nickel-based by-
-— ~ [Cathods) g h
e ' S products from the electrolyte.
o . 1%
— -‘—-— 1 : - - EE—— i o o i ke i Trivalent chromiu_m, ponver’Fed from
Primary X ~ - n inaart harsed B s ed b8 hexavalent chromium in the first stage
Filteri i i = By-pandiuci of the treatment process, is also
r : ' f" Achuslor rod removed during the second stage.
p r‘ ' (Anode) Fig 11 — Removal of by-products
I - :
- ' J . Fig 6 — Actuator rod in the cell [1 i
ﬂ. N B ’ J 1] Conclusion

e
LI ! ¥

- B
r"'i'ﬂ

. N

Additive based electrolyte treatments give better results compared
electrocoagulation.

Electrolyte " || The overall treatment process, which was developed to enhance the recyclability of
Supply lines 'E!Ee - the electrolyte, makes the ECM process more sustainable.
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Fig 5 - ECM Machine used for the project [1] Fig 7 — Actuator rod [1]

Application of industrial symbiosis as solution for sludge generation
Industrial partner: The industrial partner provides precision machined components across a broad

spectrum of technically demanding markets. Primary testing is done in an ECM testing facility provided References
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Example:

During ECM, elements of the workpiece dissolve in the electrolyte, making it harmful to both health and

the environment. /\

The industrial partner uses an alloy (Tribaloy T-400) in the workpiece, generating chromium, cobalt,

molybdenum, and nickel-based by-products in both the electrolyte and the sludge. k . : .
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A treatment process was developed to remove dissolved by-products from the electrolyte.
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