
Technical Masterclass: Graphite Electrodes in Steelmaking 

Manufacturing Technologies, Classifications, Applications, Consumption Optimization & 

Breakage Fractography 
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1. Introduction & Operational Role 

Graphite electrodes serve as the vital conductive conduit for electric power transmission and arc 

generation, melting heavy scrap, direct reduced iron (DRI), and alloys inside Electric Arc 

Furnaces (EAF) and Ladle Refining Furnaces (LF).  

2. Main Classifications (RP / HP / UHP) 

Graphite electrodes are classified based on their permissible current-carrying capacity, bulk 

density, and raw material composition:  

 RP (Regular Power): 

o Raw Material: Regular petroleum coke.  

o Allowable Current Density: 14 – 18 A/cm2 

o Primary Applications: Small arc furnaces, silicon metal smelting, yellow 

phosphorus, and standard ferroalloys.  

 HP (High Power): 

o Raw Material: Petroleum coke blended with approximately 30% needle coke.  

o Allowable Current Density: 18 – 24 A/Cm2  

o Primary Applications: Medium-power electric arc furnaces and Ladle Refining 

Furnaces (LF).  

 UHP (Ultra High Power): 

o Raw Material: 100% premium needle coke.  

o Allowable Current Density: 24 – 32+ A/Cm2  

o Primary Applications: Modern high-productivity, high-capacity EAF steel melt 

shops.  

3. Core Manufacturing Phases 

1. Crushing & Mixing: Pulverizing premium needle/petroleum coke and intensive blending 

with coal tar pitch at temperatures exceeding 150°C.  

2. Extrusion: Hydraulic hot extrusion forming dense green electrode cylinders to target 

diameters.  



3. Baking: Carbonization up to 800–1,000°C in multi-chamber ring furnaces to carbonize 

the pitch binder into solid carbon matrix.  

4. Impregnation: High-pressure liquid pitch autoclave impregnation to eliminate porosity 

and maximize mechanical density (repeated for HP/UHP grades).  

5. Re-baking: Stabilizing impregnated pitch volatiles.  

6. Graphitization: Direct electrical resistance heating up to 2,800–3,000°C (Acheson or 

LWG systems), ordering amorphous carbon into a hexagonal graphite crystalline lattice.  

7. Precision Machining: CNC thread turning of electrode sockets and fabrication of 

connecting male nipples.  

4. Comparative Technical Properties 

 Specific Electrical Resistivity: Significantly reduced in UHP (4.5 – 5.5 

$\mu\Omega\cdot\text{m}$) compared to RP (7.0 – 8.5 $\mu\Omega\cdot\text{m}$), 

minimizing resistive Joule heat losses under massive amperage.  

 Coefficient of Thermal Expansion (CTE): Extremely low in UHP (1.0 – 1.4 $\times 10^{-

6}/\text{K}$), offering superior thermal shock endurance during severe arc ignition.  

 Bulk Density: Ranging from 1.58 $\text{g}/\text{cm}^3$ for RP up to 1.68 – 1.72+ 

$\text{g}/\text{cm}^3$ for UHP grades.  

5. Joint Tightening Torque Specifications 

Connecting nipples represent the most mechanically and electrically vulnerable section of the 

column.  

Critical Safety Warning: Never apply conventional greases or oils to thread joints; these 

compounds carbonize under intense temperatures, creating severe electrical insulation, arcing, 

and catastrophic joint destruction.  

Electrode Diameter (mm 

/ inch) 
Standard Nipple Type 

Recommended Tightening 

Torque (N·m) 

300 - 350 mm (12" - 14") 
Male-Female / Nipple 

4 TPI  
700 – 900  

400 - 450 mm (16" - 18") 
Male-Female / Nipple 

4 TPI  
1,100 – 1,400  

500 - 550 mm (20" - 22") Nipple 3 TPI / 4 TPI  1,800 – 2,400  



Electrode Diameter (mm 

/ inch) 
Standard Nipple Type 

Recommended Tightening 

Torque (N·m) 

600 mm (24") Nipple 3 TPI / 4 TPI  2,500 – 3,200  

700 - 750 mm (28" - 30") 
Nipple 3 TPI (UHP 

EAF)  
3,500 – 4,500  

Note: Undertorquing causes air gaps, micro-arcing, and sheared nipples; overtorquing induces 

hoop stresses that rupture electrode socket walls.  

6. Step-by-Step Joint Connection Procedure 

1. Cleaning: Thoroughly blow-clean socket and nipple threads using dry, oil-free 

compressed air.  

2. Vertical Alignment: Hoist the new electrode utilizing a flexible hoisting plug to 

guarantee absolute coaxial alignment.  

3. Manual Engagement: Thread down smoothly until faces make uniform preliminary 

contact.  

4. Final Torquing: Apply torque in a single smooth motion using a calibrated torque 

wrench until preset torque is reached, confirming zero clearance with a 0.05 mm feeler 

gauge.  

7. Fracture Fractography & Root-Cause Failure Analysis 

 Bending / Transverse Fracture: Flat transverse surface displaying a compression lip on 

one perimeter edge; caused by heavy scrap cave-ins, non-conductive boring into lime, 

or mast vibration.  

 Sheared Nipple: Complete shearing across the nipple core; caused by undertorquing, 

transferring all bending loads to the nipple rather than the outer column faces.  

 Socket Splitting: Longitudinal vertical rupture running through the socket wall; caused 

by excessive overtorquing combined with thermal expansion.  

 Electrical Arcing Breakage: Eroded, glazed, or burned cone threads; caused by joint 

loosening generating continuous internal micro-arcing.  

 Thermal Shock Spalling: Cup-and-cone detachment at the lower tip; caused by high 

current inrushes on cold electrodes or out-of-spec CTE.  

8. Scrap Layering Profile (Bottom to Top) 

 1. Bottom: Clean light scrap, turnings, and carbon/lime additions (protects hearth 

refractory and forms early molten heel).  



 2. Lower-Middle: Heavy melt, thick plates, bundles, and skull (safely positioned below 

initial boring stroke).  

 3. Upper-Middle: Medium structural and plate scrap (stabilizes the burden and cushions 

heavy melts).  

 4. Top: Clean, light shredded busheling scrap (ensures fast ignition and smooth boring-in 

without tip damage).  

9. Specific Consumption Benchmarks & Optimization 

Specific Electrode Consumption Kg/t = Total Consumed Electrodes Kg / Total Prime Liquid Steel t 

 Modern UHP AC EAF: 1.0 – 1.6 Kg/t 

 Standard AC EAF: 1.8 – 2.8 Kg/t 

 DC Single-Electrode EAF: 0.8 – 1.2 Kg/t 

 Ladle Refining Furnace (LF): 0.25 – 0.45 Kg/t 

Operational Savings Matrix: 

 Water spray cooling rings maintenance: 10 – 15% reduction 

 Dense, consistent foamy slag practice: 6 – 10% reduction 

 Tap-to-tap cycle reduction by 5 minutes: 4 – 7% reduction 

 Standardized torquing and cave-in prevention: 5 – 12% reduction 

 


